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ABSTRACT

The ecological history of rangelands is often pnés@ as a tale of devastation, where fragile
drylands are irreversibly degraded through inappatg land-use. There is confusion about
how to recognise and measure degradation, espe@mllow productivity environments
characterised by extreme natural variability ancerghabrupt management upheavals mean
that there are few reference sites. These issueas ihgportant consequences for rangeland
development and management programs, many of wdriehfounded on a perception of
serious and ongoing degradation from a former naditstate. In this thesis, | employ three
approaches to assess degradation in inland eastistralia, part of one of the largest desert
landforms in the world and subject to recurringuangnts about the cause and magnitude of
landscape change since pastoral settlement 156 ggar written historical records, grazing
exclosures, and identification and surveys of l@md potentially sensitive elements of the
flora.

From the 1840s, the journals of European explgperside the first written descriptions of
inland Australia. In Chapter 2, | use this recavddst prevailing paradigms relating to five
key themes of environmental change: vegetationctire, fire regimes, waterhole
permanence, macropod abundance and medium-sized malanassemblages. 4500
observations from fourteen journals spanning twedxpeditions between 1844 and 1919
were geo-referenced. Careful evaluation of the mecsuggests little change in broad
vegetation structure or waterhole permanence, ngnoounter to prevailing paradigms. The
sparse observations of fire suggest burning waequaent, while macropods were apparently
uncommon in semi-arid areas where they are aburtdday. Systematic evaluation of the
explorer record for a region can provide ecologigsights that are difficult to obtain by other
means. However, there are limitations inherenthe historical record and findings are

necessarily broad.



In Chapter 3, | use long-term grazing exclosureex@amine the impacts of cattle grazing on
two widespread vegetation types. We measured heobacbiomass and plant species
richness and abundance at five 14-year-old exassur north-eastern South Australia. We
did not detect any significant differences betwegeazed and ungrazed treatments in total
species richness or abundance, life form richnesbondance, or herbaceous biomass. The
dominance of ephemeral species confers resilieycenbting the development of strong
feedbacks between grazing intensity and vegetatipnamics, meaning that the non-
equilibrium paradigm best describes this grazirgjesy. This chapter forms part of a series of

three studies using exclosures to examine grampgcts across three biogeographic regions.

Exclosures encompass only a tiny area, meaningdhabr grazing-sensitive species may not
be represented, or may have become locally exgiriot to the erection of exclosures. In
Chapter 4, | identify rare and potentially sengtelements of the western Queensland flora
through a systematic examination of herbarium m@x@nd expert interviews. Five threat
syndromes were identified, arising from the intdoac of plant biology and threatening
processes, and 60 potentially threatened specttbé@n overlooked in the listing process.
However, lack of data on distribution, abundanaguyation dynamics and threats precluded
robust conservation assessments for most spenigrriicular, detecting genuine rarity and
decline was confounded by extreme temporal varigblbw collection effort spread over a

vast area and poor understanding of threatenincepees.

Chapter 5 examines patterns of rarity in the flofaa semi-arid mountain range, the Grey

Range, with a high concentration of rare species &0 years of elevated grazing pressure.
Habitat specialisation, reproductive biology anddeiographic history interact to create

observed patterns of rarity, and there is no ewddhat any species have become rare or
restricted as a result of grazing. Species confieedarren plateaux, sheltered habitats and
gidgee toeslopes represent relictual populatiomd,the association of rare plants with larger

plateaux suggests local extinctions were more (eban smaller plateaux during

Pleistocene climatic fluctuations.



Chapter 6 presents the results of four years afetad surveys for the candidate species
identified in Chapter 4. Search effort and survesutts were used to assess 91 species against
international Red List criteria. One-third of speiwere widespread and abundant at least in
certain seasons but had appeared rare due to slissions. The conservation status of 20
species, mostly newly-recognised species from icéstk habitats, was upgraded and 14
remained listed due to having restricted areascotipancy. The IUCN criterion that allows
for listing of species due to extreme fluctuatiofis combination with restricted and
fragmented populations) is not justified for armhes, where these fluctuations may actually
confer resilience to grazing for short-lived forlaisd geophytes. With the exception of 12
artesian spring species, continuing declines weceihented for just six species.

In Chapter 7, | bring together my results and tholprevious studies to provide a critical
evaluation of the extent and magnitude of ecoldgibange in inland eastern Australia. There
is no evidence of unidirectional change in vegetatstructure, irreversible degradation or
loss of plant species, although some palatableespbave declined at a landscape scale. It is
apparent that some prevailing paradigms have be@ntrenched despite lack of empirical
evidence. However, many medium-sized mammals haetinéd dramatically or become
extinct since European settlement, while large m@mil numbers have increased in the semi-
arid zone. Management actions and areas requinnidpefr research are discussed. The
approach presented here, incorporating the histioniecord, comparison of sites with
different management histories and targeted surfigeysare and potentially sensitive species,
can be used to assess degradation in drylands akithpt changes in management and

contentious ecological narratives.
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‘To me the monotonous variety of this interminakbeub has a charm of its own; so grave, subdued,
self-centred; so alien to the genial appeal of aenwinsome landscape, or the assertive grandeur of
mountain and gorge. To me this wayward diversitgmdntaneous plant life bespeaks an unconfined,
ungauged potentiality of resource; it unveils apogtaphic prophecy, painted by Nature in her
Impressionist mood, to be deciphered aright onlyhmge willing to discern through the crudeness of
dawn a promise of majestic day. Eucalypt, conif@mosa; tree, shrub, heath, in endless diversity an
exuberance...Faithfully and lovingly interpreted, Wi the latent meaning of it all? ...The mind
retires from such speculation, unsatisfied but esped.’

(Joseph Furphy§uch Is Life...being certain extracts from the diafriffom Colling 1944)

‘Do you go much into your country?’ asked Voss, vaal found some conviction to lean upon. ‘Not
really, not often’ said Laura Trevelyan.... ‘A pitigat you huddle,’ said the German. ‘Your country is
of great subtlety.’

(Patrick White Voss 1957).

‘It is a continent of dreams we inhabit, a waitoantinent. All those who have set foot in its bugh,
its lonely places, know that silence. The contingmireaming.’
(David Ireland A Woman of the Futuyd 979)

‘I walked out into the thick red wind. It was lilssvimming under water, in a flooding river. Dust
sifted into my lungs; | was drowning. And the belb, on the hill, kept tolling. Purposeless, movgd b
the wind. There was no town, no hill, no landscdpeere was nothing. Only myself, swimming
through the red flood, that had covered the worildhave seen rain in Tourmaline. Can you believe
that? How can you? You have not seen that greahgtien like burning, that covers all the storfes o
the red earth, and glows gently, upward, till theyggreen leaves of the myall are drab no longdr, b
green as the grass, washed in reflected light.tAedragrance then; the turpentine weed, the balm.
Birds in the air; sheep in the far green distade®l pools, lakes, oceans of blowing flowers.’
(Randolph Stow]Jourmaling 1963)
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CHAPTER 1.

INTRODUCTION

The ecological history of rangelands globally iseafpresented as a tale of destruction
and devastation. ‘Degradation narratives’ involvumgdesirable environmental change
and productivity declines date from the earliestladrd civilisations. Archaeological
excavations and ancient records show that saliarsand silting began to affect Lower
Mesopotamian irrigation schemes from about 2400 .Bu@timately playing an
important part in the demise of Sumerian civilisati(Jacobsen and Adams 1958).
Abandonment of Khorezm oasis settlements in Uzlekisn the first century A.D.
(Thomas and Middleton 1994) and Roman settlementsorth African and Arabian
deserts around 500 A.D. (Pyatt al. 1999; Barker 2002) have also been attributed to
environmental destruction. The perception that etagds surrounding the
Mediterranean were degraded was expressed by iRl&@0 B.C., who described the
hills around Athens as being ‘...like the skeletoranfold man, all the fat and soft earth
wasted away and only the bare framework of the la#idg left’ (Sinclair and Sinclair
2010:117).

From the1830s, the prevailing French colonial riargan northern Africa blamed Arab
pastoralists for desertification and deforestaidavis 2004; 2005). In the semirdhn
and Nature(1864), George Perkins Marsh proclaimed ‘1 am ooced that forests
would soon cover many parts of the Arabian andcafrideserts, if man and domestic
animals...were banished from them’ (Marsh 1965:117)the southern hemisphere,
Europeans had inhabited inland Australia for ldsntfour decades when concerns
about rangeland degradation spawned the 1901 Neuh SWales Royal Commission
(Noble 1997; Griffiths 2001 However, it was the western American ‘Dust Bowl'tloé
1930s that swept arid lands degradation to thefrfore of popular imagination and
reverberated through a generation of scientifiakimg (Worster 1979; Schubegt al.
2004). The 1930s also saw early scientific invesiigs of land degradation in Africa,
with (Stebbing 1935; 1938), a European forester wisited Africa, describing the
encroachment of the Sahara southwards into theli&alsavannah as ‘one of the most

silent menaces of the world’.



Four decades later, events in the Sahel thrusamliytlegradation to the forefront of the
global environmental agenda. The ‘Great SaheliasuBnt’ of 1968-73 followed a long
period of colonial rule, which had disrupted trazhtl food production systems at a
time of increasing populations. Modern communig&itechnology allowed pictures of
mass starvation and suffering to be beamed intdewediving rooms and stimulated
international concern (Thomas and Middleton 1994).the drought aftermath, an
assessment of environmental conditions in nortserdan reported that the Sahara had
encroached 100 km south into semi-desert scrubenwo decades since its boundary

was originally mapped (Lamprey 1988, cited in DA8&4).

As with events in inland eastern Australia and o Worth American plains, drought
was viewed as the catalyst which had exposed héreffects of overgrazing,

inappropriate cultivation and deforestation. Théedian disaster was seen as a vivid
expression of the global problem of desert expamsamd led to the convening of a
United Nations Conference on Desertification inrlai in 1977. Through the 1970s
and 80s, the United Nations Environment ProgramEBNmade a series of dramatic
public announcements and assessments of the extethie problem, assisted by a

willing media, for example:

‘At a rate of 27 million hectares lost a year te tthesert or to zero economic
productivity, in a little less than 200 years at tturrent rate there will not be a
single, fully productive hectare of land on eattNEP Desertification Control
Program Activity Centre 1987:17, quoted by Thomalli€ldleton 1994).

In terms of capturing the world’s imagination, d#ifieation was the first ‘big’
environmental issue, preceding the ozone hole, el and global warming in its
adoption by the popular and pseudo-scientific paegspolicy makers, and its appeal to
growing environmental concerns (Thomas & Middlei®@94). Today, the emblematic
image conjured by the term remains one of rampadesgrts smothering villages and
destroying farmland and pasture, resulting in a-made famine among subsistence
farmers and significant losses of productivity beygBinns 1990; Nateet al. 2008;
Imeson 2012). Indeed, dust storms are among thé emosiring and powerful images
of dryland degradation, immortalised by Woody Gigtand portrayed by generations
of musicians, artists, poets and novelists (Lord®26; Steinbeck 1939; Guthrie 1940;



Stow 1963; Chambers 2010). Other evocative synifadegradation have also become
axiomatic: barren earth strewn with bleached anicsatasses, erosion scars, eerily

twisted trees, crumbling relics and the lonely tesaf a broken land (Figure 1-1).

DusT SToRM APPROACHING SPEARMAN, Texes. |8
a APRil 1%.1735 |

|

Figure 1-1. Archetypal degradation imagega) Dust storm approaching Spearman, Texas,
April 14 1935;(b) Farmer and sons walking in the face of a dustst@imarron County,
Oklahoma, April 1936 (US National Oceanic and Atptosric Administration)(c) Russell
Drysdale ‘Crucifixion’ (1946) andd) ‘Western Landscape’ (1945), based on sketches foade
The Sydney Morning Heralturing drought in New South Wales (Art Gallery d8W) (e)
Sidney Nolan ‘Untitled’ (1952), part of a seriesdsbught photographs taken on the Birdsville
Track, originally commissioned Byhe Courier Mailwho ultimately deemed them too graphic
to publish (National Library of Australiaff) On the move through the dry dusty landscape in
Burkina Faso, African Sahel (Andy Hall/Oxfam)



Dryland degradation: themes and examples

A central tenet of degradation narratives is tlaatgelands are inherently fragile and
vulnerable to exploitation, particularly during dtynes and with the imposition of
management regimes which diverge from their evohaiy history. In the Americas
and Australia, this involves the imposition of Epean ‘ranch style’ pastoralism since
the 1830s (Heathcote 1983; Aagesen 2000). In retm#des, this form of pastoralism
has spread to some areas formerly utilised on aadanbasis or not grazed at all such
as the Horn of Africa and Kalahari Plains (Perkamel Thomas 1993; Thomas and
Middleton 1994). In African, Arabian and Central i&s deserts, the upheavals
associated with increasing populations, breakdowrraditional semi-nomadic or
nomadic pastoral systems, encroachment of sedeaggigulture on traditional grazing
lands, and in some areas restrictions on movenalerg$o conflicts since the 1950s, are
blamed for widespread degradation (Breman and D&@@3; Sinclair and Fryxell
1985; Bawden 1989; Tewari and Arya 2004; Verstraetd. 2009).

The familiar symptoms of rangeland degradationsitand landscapes and management
regimes. Vegetation is eaten down, palatable speespecially perennial grasses
become rare or are eliminated, long-lived spe@ddd regenerate, and the earth is left
bare and unprotected (Sinclair and Fryxell 1985n8mur et al. 2010; Slimaniet al.
2010). Topsoil blows away or washes unimpeded anézks, which become shallow
and turbid (Khalaf and Alajmi 1993; Fanning 199@n{wayet al. 2003; Gale and
Haworth 2005). Removal of topsoil means irrevessibks of scarce nutrients, lowering
of infiltration capacity and scalding (Milkst al. 1989; Miles 1993; van de Koppel al.
1997; Okinet al. 2001). ‘Weedy’ species, often native or exoticubisr or introduced
grasses, increase rapidly to cover the bare grqiadle 1997; Asnert al. 2003;
Wilcox and Huang 2010; D'Odoricet al. 2012), while ecological processes such as
water cycling and fire regimes are disrupted (vanKebppelet al. 2002; Raviet al.
2009; Miller et al. 2010). Native fauna struggles to survive in thalsered conditions,
and introduced predators and/or human exploitad@iver thecoup de gracéMorton
1990; Reid and Fleming 1992; Miltaet al. 1994).Ultimately, entire ecosystems may
undergo a change in state, at some point crossingeshold beyond which they cannot
recover (Westobyet al. 1989; Rietkerket al. 1997; Asneret al. 2004; Browning and



Archer 2011). These ecological changes are accaeghéy corresponding declines in
agricultural productivity (Milton and Dean 1995; gesen 2000).

Maps of desertification, desertification risk anegdadation essentially show all of the
world’s arid and semi-arid regions shaded with wrayydegrees of severity (Dregne
1983; Mabbutt 1984; UNCCD 2014). Peer-reviewedckasi routinely report that 70%
of all drylands are affected by desertificationfigure based on a heavily-questioned
1992 UNEP report (Veréat al.2006). Some authors have suggested that degradsitio
an inevitable consequence of land-use in some emdronments (Caughley 1986;
Beaumont 1993), a view encapsulated in the angemterb: ‘Man strides over the

earth, and deserts follow in his footstefis’ Worster 1979).

Some examples of arid lands degradation are wellhtented and unequivocal,
particularly the consequences of inappropriate amryl cultivation. The Dust Bowl
conditions of the 1930s on the Great Plains of erestNorth America were due
primarily to rapid expansion of wheat cultivation the Great Plains (Schubet al.
2004) and dust storms remain a serious problem airis pof the United States,
exacerbated by intensive grazing and clearing gétagion for agriculture (Gouldie and
Middleton 2006). The frequency and severity of ditetms has also been intensifed by
land-use through eastern Russia, western SibedaKazakhstan (Kotlyakov 1991;
Gouldie and Middleton 2006) and central Asia andn@l{Youlin et al. 2001). Desert
water resources have borne the brunt of arid zand-lise in many regions. The
shrinking of Lake Chad by 95% since the 1960s (€tzal.2011) and the desiccation of
the Aral Sea since the 1950s to create a man-mesBrtcknown as Aralkum (Breckés

al. 2012; Loewet al. 2013) due to failed irrigation projects are wellekvnh examples.
The depletion of desert aquifers and loss of atesprings has been documented
globally (Idris 1996; Fairfax and Fensham 2002idtedt al. 2008; Jiao 2010; Powedit

al. 2013).

Shifts in plant species composition and abundarare iodicate degradation, with
palatable and perennial species typically repldnednpalatable and annual species in
grazed areas (Valoret al. 2002; Cingolankt al. 2003; Bartoleme et al. 2004; Diat

al. 2007; Seymouet al. 2010). Palatable perennials can be particularlyaicted by
grazing during dry periods (Watsaet al. 1997; Read 2004; Hackest al. 2006),



sometimes becoming locally extinct in more heawyzed areas due to lack of
recruitment (Tiver and Andrew 1997; Hunt 2001). ®onangelands have become
degraded through invasion by exotic plants, espigaiere they change the structure
and function of an ecosystem and have adverse tafi@ec native species and/or
agricultural productivity. The invasion of largeeas of Mitchell grass downs Bycacia
nilotica in Queensland (Spies and March 20Bpsopisspecies incursion into arid and
semi-arid rangelands globally (Mutuat al. 2013; Kumar and Mathur 2014) and
invasion by exotic perennial grasses (Clagkal. 2005; Brookset al. 2010) are prime
examples. Unpalatable native species may also dserat the expense of palatable
species in grazed landscapes, creating a ‘woody’'weeblem with consequences for
biodiversity, landscape function and production ¢klat al. 2000; Van Auken 2000;
Roqueset al.2001; Graz 2008).

The combined effects of habitat modification, indimoed predators, prey depletion and
direct exploitation have led to extinctions andloes of many aridland fauna species
globally over the past two centuries, providingaclexamples of irreversible ecological
damage. Large mammals have been especially susleepdi range contractions and
extinctions (Cardilloet al. 2005), including carnivores and ungulates in Néwtherica
(Laliberte and Ripple 2004; Stonet al. 2013), numerous species of gazelle in Asian
and African deserts (Saleh 1987; Baamraneal. 2013; Li et al. 2013) and iconic
species such as elephants and giraffes in Afriesarsas (Ciofolo 1995; Bouclet al.
2011). The drastic demise of smaller mammals grastoral settlement in Australia is
well-documented (Johnson 2006; McKeneieal. 2007), while large birds have also
fared badly in many drylands (Goriup 1997; Thiol2806). Loss of fauna species may
in turn affect ecosystem function, through changes$andscape processes, nutrient
cycling and plant species composition (Braettal. 1999; Nobleet al.2007; Waldram
et al.2008; Chillo and Ojeda 2012).



Questioning degradation narratives

These examples show that degradation has certanclyrred in some drylands, and is
sometimes irreversible. However, perceptions thaisi a universal and perhaps
inevitable consequence of land-use in arid zonesianplistic and problematic. Where
do they leave aridlands that have high backgroatesrof wind and/or water erosion
and inherently low or variable groundcover (Picki§89; Wiegand and Jeltsch 2000)?
Particularly during drought, landscapes may disphey hallmarks of degradation, but
actually be able to recover rapidly after rain. @ttandscapes appear ‘degraded’ most
of the time, due to soil characteristics such g Isalinity and/or sodicity and low and
erratic rainfall (Dahlberg 2000b; Qadir and Schul2&02). Annual plant cover in good
times and bare ground during drought represent ‘ttealthy’ state of many
communities, rendering above-ground biomass orclfde traits poor indicators of
degradation (Thomast al. 1986; Blumler 1993). Even dust storms, the arqhedty
symbol of degradation, are natural occurrences astnaridlands and there is little
evidence that dust production is associated witthespread land degradation (Brooks
and Legrand 2000; Tegeat al. 2004; McTainshet al. 2005). Moreover, the very low
concentration of nutrients in the sandy soils @pdsed to wind erosion means that
even spectacular soil loss may have minimal impacterms of nutrient depletion
(Perkins and Thomas 1993).

Degradation narratives from northern Africa haverbehallenged since the 1930s.
(Rodd 1938) spent years in Africa and questionebi8hgs’ understanding, claiming
that the boundaries of the Sahara had ebbed ameédimver time and cautioning
against making judgements based on short-term \adits@ns in such a variable climate.
Over the past three decades, numerous authorsgu@gtioned basic tenets underlying
simplistic notions of degradation, particularly thmyth of the marching desert’
(Hellden 1988; Forse 1989; Binns 1990; Dodd 19%iftS.996; Thomas 1997; Veron
et al. 2006). It is now widely accepted that the conduosiof Stebbings and Lamprey
which became so influential were based largely iomtéd direct observation and
uncorroborated information from local authoritie€ontemporary research has
demonstrated that the Sahara ‘expands’ and ‘cdstrac concert with rainfall fluxes
(Tuckeret al.1991; Herrmanmt al.2005).



Davis (2004) details how the narrative of declind decay was constructed during the
French colonial period in Algeria, Tunisia and Maco. Founded on historical
inaccuracies and environmental misunderstandindgdamed ‘hordes of Arab nomads
and their rapacious herds’ for deforestation argbd#ication of what was erroneously
believed to have been a fertile forested landscaped helped to justify Colonial policies
aimed at restoring the region to its ‘past glofgecent studies in southern African
rangelands have found little evidence of degradatloe to traditional communal
herding practices and suggest that perceptionsegfadation have more to do with
ideology than evidence (Sullivan 1999; Dahlberg @00 The farming practices of
indigenous people in North American drylands haeerbvariously characterised as
destructive or benign according to shifting colb@iad post-colonial agendas (Minnis
2000). In northern African and Arabian deserts, ltheg-term dynamics of keystone
Acaciaspeciesseem more complex than the oft-cited decline durvesharvesting and
grazing (Rohner and Ward 1999; Lahav-Girattal.2001; Noumiet al.2010). Addison
et al. (2012) document how perceptions of degradatiore haecome entrenched in

Mongolian rangelands despite not being supportegniyirical evidence.

It is apparent that the magnitude and extent ofjetmd degradation have often been
exaggerated or misconstrued. In particular, quascalyptic images which have
gripped the public imagination and remain prevalanpolicy documents have mostly
been discredited. Many clear examples of degradatiovolve fundamental
modification of the landscape through irrigatiorropping and/or landclearing in
marginal lands, or the extermination of individisdecies. The effects of extensive
livestock grazing, which covers 25% of the glolmidsurface and is the single most

extensive land-use (Asnet al.2004), are more complex and contentious.

Recent research has highlighted the resilience afymrangelands to disturbance,
including in the Middle East (Blumler 1998; Batangw2001), Mediterranean (Dedt
al. 1986; Figueroa and Davy 1991; Perevolotsky anig®ein 1998), north America
(Bestelmeyeet al. 2013) and Africa (Perkins and Thomas 1993; @bal. 2000), as
well as the role of drought and other natural fexio desertification (Herrmann and
Hutchinson 2005; Wangt al. 2008; UNEP 2011). The view that climate is therany
driver of vegetation dynamics in highly variablengalands, with grazing playing a

secondary role or even having little effect, hasheg traction over the past two



decades. Proponents of this non-equilibrium thewgue that the risk of degradation
through overgrazing in such systems is limited,albnse the ephemeral forage is only
abundant for brief, sporadic periods amidst frequprotracted drought, keeping
livestock numbers well below the level where then aeach equilibrium with the
vegetation community (Ellis and Swift 1988; Waed al. 1998; Sullivan and Rohde
2002). Moreover, beneficial effects of grazing haeen documented in some instances,
including the promotion of tillering in grasses &atey 1987), improved germination of
some perennial species (Reid and Ellis 1995; RoandrWard 1999) and control of
shrub encroachment and invasive weeds (Popay agld EP96; Perevolotsky and
Seligman 1998). Rather than being universally vibag a negative imposition, current
theory predicts that the effects of long-term gngzon plant species diversity will be
variable across ecosystems, depending upon ewvodutio history, ecosystem
productivity and herbivore type (Milchunas al. 1988; Milchunas and Lauenroth 1993;
Cingolaniet al.2005; Bakkeet al.2006).

Identifying and measuring degradation

In light of these divergent viewpoints and complies, it is not surprising that
confusion remains about how to recognise and meadegradation (Herrmann and
Hutchinson 2005; Veroet al. 2006; Reynold®t al. 2011), despite considerable effort
devoted to defining desertification and identifyingicators (Mabbutt 1986; Verstraete
1986). In particular, how can we distinguish cheeastics inherent to aridlands from
symptoms of anthropogenic degradation, especialthe face of extreme natural
variability? These questions are more than themaiesemantics. Arid and semi-arid
lands cover 40% of the global land surface and suppver a third of the world’s
population, including many in the most economicallynerable and politically unstable
regions of the world (Reynoldst al. 2007; Nateret al. 2008). They are also a
significant repository of global biodiversity (McHBly 2003; Durantt al.2012; Britoet
al. 2014).

Most rangeland development and management progaaensounded on a perceived
crisis of degradation and desertification; a petioepthat these systems have declined
from a more pristine historical state (Fairhead &méch 1995; Wittet al. 2000).

Decades of work to arrest this decline have halé lfuccess in many parts of Africa,



the Middle East and Asia (Goldschmidt 1981; Cha@@1), and in some places have
had unintended negative consequences (Davis 2R0B)possible that at least some of
this failure is due to misunderstandings or dubimsrpretations of the ‘natural’ state

and functioning of these systems, in the absenca @ference state (Sprugel 1991;
Foster 2000)? Are these programs aiming for a el@ésstate, an unattainable Eden,
which never existed? Or, alternatively, are sonstesys so degraded that recovery is
not possible, or occurs over such long timescdias tesults are not yet discernible?
The implications of degradation narratives and rtleeintinued acceptance in public

policy are profound, yet have rarely been explagstematically for individual areas.

Examining ecological change and degradation in infad eastern australia

In this thesis, | employ four approaches to assasslogical change and land
degradation in a large semi-arid and arid arealahd eastern Australia, part of one of
the largest desert systems in the world: the hestbrecord; a network of long-term
grazing exclosures; identification of and systematirveys for potentially rare and
sensitive elements of the flora; and assessmewatdr-remote areas and gradients in

relation to rare plant occurrence.

Inland eastern Australia is loosely defined as glmation of Queensland, northern New
South Wales, north-eastern South Australia ane#séern Northern Territory receiving
<500 mm of average rainfall per annum. Average ahrainfall decreases on a south-
westerly gradient from 500 mm along the eastern month-eastern boundary of the
study area to 120 mm in the Simpson Desert, bofathis highly variable both within
and between years (Van Etten 2009; Mortoral. 2011). Summer temperatures are hot
with maximums through December-February averagirg3&8C and regularly
exceeding 40°C, while short winters are charaadrigy cold nights (5-10°C), often
falling below zero except in the northern quarserd warm days averaging 20-27°C.
Higher rainfall areas suppoAcacia and, to a lesser exterucalyptuswoodlands,
while the more arid portions are dominated by gibpkains, rolling downs, wide
floodplains, low-relief sandstone ranges, openldands dominated bicaciaspecies
and extensive linear dunefields. The study areaorapasses seven biogeographic

regions: the Mulga Lands, Mitchell Grass Downs, @& Country, Simpson-
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Strzelecki Dunefields, Mt Isa Inlier, eastern raflthe Desert Uplands and the southern
portion of the Gulf Plains (Thackway and CresswéB5; Figure 1-2).

Aboriginal people have occupied inland Australia &t least 35 000 years, with
populations expanding and retracting from coastalrenments and refuges within the
arid zone during climatic oscillations (Veth 1998mith 2013). Historically, the
Australian desert had some of the lowest densdresecord for human populations,
although this varied substantially across ecosystéamith 2013). People adapted to
aridity by being highly mobile, making opportuncstise of temporary water and food
sources after rains and falling back on permanesters as the country dried out
(Holdaway et al. 2000; Simmons 2007). Aboriginal people influeneedl and semi-
arid ecosystems through hunting, burning, maniprabf water sources, dispersal of
plant propagules and deliberate sowing of somet glaecies (Hercus and Clarke 1986;
Veth and Walsh 1988; Walsh 1990; Bandler 1995; uwwan 2002; Wilson and Knight
2004). The nature and magnitude of some Aborigi@avironmental impacts is
contentious, particularly regarding fire regimesgafauna extinctions and subsequent
vegetation changes (Millat al. 2005; Ruleet al. 2012; Fieldet al.2013; Prowset al.
2014). However, it is clear that Aboriginal land magement practices had a profound
effect over millennia and in many ways created|#melscape encountered by the first
Europeans (Gammage 2011).

Europeans had been in Australia for over fifty gebhefore a concerted attempt was
made to explore the interior of the continent. T840 expedition of Edward John Eyre
initiated two decades of exploration, which mergetb a period of rapid pastoral

settlement from the 1860s. By the 1890s, the paistamtier had enveloped nearly all
suitable country across inland eastern Australee (€hapter 2 for further details of
pastoral settlement and exploration). Today, Alistraas more land area under
managed grazing than any other country (Asteal. 2004). Most of the study area is
used for extensive cattle and, in the eastern anthsern portions, sheep grazing, with
relatively small areas occupied by mining leased aonservation reserves. Large
macropods occur across the area and are most atiundami-arid regions (Pople and
Grigg 2001), with high densities of feral and, easingly, semi-domestic goats in the
Mulga Lands of Queensland and New South Wales [(Balk et al. 1993; Pople and

Froese 2012). Rabbits were historically in plaguepprtions throughout large areas
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south of the Tropic of Capricorn, but have declingidce the introduction of
myxomatosigndcalici virus in the 1950s and 1990s respectively, althahgy remain

in high densities in some areas (Scargaml. 2006). Feral camels roam the Simpson-
Strzelecki dunefields (Saalfeld and Edwards 201@)levhorses, donkeys and pigs
occur patchily throughout the study area (Edwatdsl. 2004).

The introduction of domestic and feral herbivorepresents the largest Holocene
environmental change in inland Australia, which sagported relatively low densities
of native macropods since the extinction of thesdReene megafaurred5 000 years
ago (Pickard 1994; Johnson 2006; Fensham and ¥d&88). Since the 1901 New
South Wales Royal Commission, much work has focasedscertaining the impacts of
this major land-use upheaval. However, the magaitutd causes of ecological change
since pastoral settlement remain hotly debated) bothe scientific literature and the
public sphere (Gill 2005). Substantial degradatidnAustralian rangelands over the
past 150 years has been attributed to Europeannarhgement practices (Gasteen
1982; Mortonet al. 1995; White 1997; Letnic 2000; McKeoet al. 2004). Early
accounts are especially stark, suggesting thaalinmpacts were both substantial and
rapid, particularly during drought when over-opsitiéc stock numbers combined with
rabbit plagues to destroy vegetation and leaveldhd exposed to wind and water
erosion (Dixon 1892; Ratcliffe 1938; Tolcher 1986)ver a century of research and
management programs have aimed to stem perceivdthese in biodiversity, land
condition and productivity. However, some sciestiahd long-term land managers
argue that grazing is a sustainable land use weith ddverse effects, particularly in
perennial grasslands and on floodplains (Orr 1$9&Ipset al. 2007), or at least that
changes are less pronounced, and ecosystems rsientethan is commonly assumed
(Mitchell 1991; Croftet al. 1997; Wittet al. 2006; Eldridge and Lunt 2010). Prevailing

paradigms about landscape change are summarisdthpter 2 and Appendix 2-1.
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If areas of inland eastern Australia are ecolotyadégraded, | hypothesise that:

1. There will be clear evidence of landscape changeh@ historical record,
particularly with regard to vegetation structuemdscape processes and relative
abundance of native plant and animal species

2. There will be shifts in plant species compositiol @abundance under different
management regimes, with palatable and perenniaciep replaced by
unpalatable and annual species in grazed areasgranglerall decline in plant
species diversity which will be particularly prommed in low productivity
ecosystems

3. The resulting lower groundcover, especially duridgought, will lead to
accelerated soil erosion, loss of nutrients an@@ated silting of creeks and
waterbodies

4. Some plant and animal species will have becomeaadisappeared from the
landscape

5. Introduced species of plants and animals will hgveliferated, changing

ecosystem structure and function

Outline of thesis

Much of the contention regarding the magnitudeaoidscape change in inland eastern
Australia stems from the rapidity of pastoral exgan and the lack of reference sites or
studies predating this critical biogeographic wstted. The journals of European
explorers from the 1840s are the first written digsions of inland Australia, just prior
to this major management upheavalClmapter 2, | employ this record to test six major
hypotheses about landscape change, based on prgy@aradigms constructed from a
synthesis of published material relating to fivey kkemes of environmental change:
vegetation structure, fire regimes, waterhole pemenae, macropod abundance and
medium-sized mammal assemblages. The explorer depoovides a temporal
perspective far exceeding that enabled by long-fiegld studies and facilitates unique
insights that are impossible to gain through othmethods. However, its interpretation
invariably involves an element of conjecture andrapolation, and any findings
gleaned are necessarily broad. For example, explouenals can provide information

on vegetation structure but not the fate of indialdplant species or lifeforms.
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One way of examining finer-scale changes wroughtamgd management is through
manipulation of management, or measurement of sitéls different management
histories. In grazed rangelands, many studies bagd exclosures to recreate ungrazed
‘reference areas’. I€hapter 3, | use five long-term grazing exclosures to exaartime
impacts of livestock grazing on two vegetation tye north-eastern South Australia.
This chapter is part of a series of three studieghlvwe have undertaken over the past
five years, using established exclosures to exanviegetation changes in four
widespread ecosystems: low dunefields and floodpléGilcock and Fensham 2011,
presented as Chapter 3), mulga forest (Fenshaogcgibnd Dwyer 2010, Appendix 1-
1) and Mitchell grassland (Fensham, Silcock and E@14, Appendix 1-2).

While providing data on changes in species composdnd abundance under grazing,
the inherent and critical limitation of exclosunssthat an ecosystem may have lost
species or suffered irreversible soil degradatioiorpto livestock being excluded.
Further, exclosures only cover a tiny fraction of ecosystem, and rare or sensitive
species may not be represented. A complementardyashethen, is to identify rare and
potentially sensitive species of the regional flamad conduct targeted surveys. In
Chapter 4, | provide a framework for assessing rarity anedlh in an arid zone flora.
Through systematically assessing the status a$paties known to occur in 635 300
km? of western Queensland using herbarium recordsapert interviews, biases in the
threatened species listing process and threat gyredr are identified, along with over
60 potentially threatened species that had beerlomked. However, lack of basic data
on distribution, abundance, population dynamics agdlistic threat syndromes
precluded accurate IUCN Red List assessments fotynall species. A major challenge
for plant conservation in arid zones is distinginghgenuine rarity from low collection

effort across vast areas and extreme temporalfiticns in species abundance.

Chapter 5 examines causes of rarity in the flora of a semd-enountain range, the
Grey Range, which was identified in Chapter 4 agrigahigh concentrations of rare
and potentially threatened species. Seven majdtatalare characterised and 647 sites
surveyed for 19 rare plants to establish the imib@eof habitat specialisation, species
biology, biogeography and grazing pressure in dateng patterns of distribution and

abundance.
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Chapter 6 presents the results of the systematic re-assesshennservation status in
the western Queensland flora, based on four yehitmrgeted surveys for species
identified as rare and potentially threatened iraj@ér 4. Field data and search effort
are used to assess ninety-one species against i@xa. This approach facilitates
robust conservation assessments across vast andy-koown arid regions,
distinguishing species that have merely been tospace and time from those that may

become lost from our landscape.

In Chapter 7, | bring together these studies, other literatuoen the study area and
relevant theory to provide a critical exploratioh the extent and magnitude of
ecological change in inland eastern Australia. deas each of the hypotheses put
forward on pp.12-13 above against the availablelende, and discuss which are
supported and which refuted by the evidence. Sospecis remain uncertain, and

further research required to inform these questi®dentified.
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CHAPTER 2.

ILLUMINATING THE DAWN OF PASTORALISM:
EVALUATING THE RECORD OF EUROPEAN EXPLORERS
TO INFORM LANDSCAPE CHANGE

INTRODUCTION

Across rangelands in Australia and North Americaere the spread of European
pastoralism was omnipresent and abrupt, recurrnggnaents about the cause and
magnitude of landscape change are frustrated bgatitg of records that predate this
momentous biogeographic watershed (Sweteaal. 1999; Wittet al. 2000; Goforth
and Minnich 2007; MacDougall 2008). In the abseoiceeference sites unaffected by
pastoralism, ecologists have turned to the histbriecord to better understand
contemporary ecosystems and their dynamics (Sweetaal. 1999; Foster 2000;
Bowman 2001). Historical sources provide a temppegispective far exceeding that
enabled by long-term field studies, and are espgci@luable where ecosystem
alterations or upheavals predated formal studiaskébnet al. 2001; Goforth and
Minnich 2007; Luiz and Edwards 2011). Historicalolegists have employed a
diverse array of sources spanning timescales froiffermial to centennial and
decadal, encompassing natural and documentary esourthe former include
stratified sediments, pollen cores, deposits ofenmt constructed by animals, tree-
rings marking annual growth cycles and fire scamse(Swetnanet al. 1999 for
examples). Documentary archives consist of writied visual records or historical
landscapes, and are particularly powerful becalieg provide graphic imagery that
resonates with a broad audience including non-isten

Interpretations of pre-pastoral landscapes frontohcal records are often used to
support arguments about contemporary land manaderaed conservation.
Substantial degradation of Australian rangelandsr die past 150 years has been
attributed to European land management practicesté@n 1982; Marshall 1966;
White 1997; Letnic 2000). Symptoms include soilsepna (Mills 1986; Fanning 1999;
Gale and Haworth 2005) and associated silting wérsi and waterholes (Tolcher
1986; Pickard 1994), thickening of woody vegetatidtoble 1997; Rolls 1999;
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Burrows 2002) and altered fire regimes (RusselltB®i al. 2003; Gammage 2011).
Changes in the composition and abundance of prahaiaimal species have also been
flagged (Friedelet al. 2003; Landsberget al. 2003; Woinarski and Fisher 2003),
including a catastrophic decline of medium-sizedmmals (Johnson 2006) and an
increase in numbers of larger macropods in somasafdewsome 1975). These
issues, particularly soil erosion and changes indyoplant density, are common to
arid lands globally (Archer 1989; Ayyad 2003; Relgsoet al. 2007). While many
examples of environmental change are irrefutabteers are not supported by
empirical evidence but have nevertheless beconaiaed in the scientific literature
and popular imagination as ‘conventional wisdomit@ell 1991). If the basis for
these assumptions is unsound, attempts to unddrdtaese landscapes will be

stymied and management misguided (Foster 2000).

Explorer journals provide the first written destigps of inland Australia at a critical
time just prior to an abrupt management upheavayhave been used to reconstruct
aspects of the pre-European landscape across Baistduding: vegetation structure
(Denny 1987; Ryaret al. 1995; Benson and Redpath 1997; Cetdftal. 1997; Lunt
1998; Fensham 2008); fire regimes (Kimber 1983; Baw and Brown 1986;
Braithwaite 1991; Fensham 1997; Crowley and Gar2@@0; Vigilante 2001; Preece
2002; Gammage 2011); mammal declines (Ketlal. 1992; Denny 1994; Lunney
2001); native species that are thought to haveeasmd in range and abundance
(Denny 1980; Barker and Caughley 1993; Auty 2004m@Giage 2010); and
colonisation patterns of feral species (Griffin &reedel 1985; Abbott 2002).

Given the absence of reference sites unaffectezhagges associated with European
land-use in arid and semi-arid eastern Australiarcgptions of widespread
environmental change, and the relatively rich esgilon history, a systematic
examination of explorer journals for this area Isoldubstantial potential for
understanding landscape change. This paper exantireesxtent to which the
observations of nineteenth and early twentieth wgntexplorers can inform
inferences about five key themes of environmentainge: vegetation structure, fire
regimes, waterhole permanence, medium-sized marass@mblages and kangaroo
numbers. Six prevailing hypotheses based on theseds were synthesised from the

literature, and tested against the explorer reCbadble 2-1).
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Table 2-1. Prevailing paradigms and hypotheses text using explorer record for five

major themes (references are provided in Appendix-2)

Prevailing paradigm Hypothesis tested

Conclusions and
interpretation

There has been a general thickening of 1. There will be

Explorers passed through many

woody overstorey vegetation in the semiumerous examples areas of dense woodland and
arid zone of Queensland, especially  where explorers passed scrub, with no geo-referenced
Acacia aneurandA.cambagei through open country  observations of open country
that is now thickly now characterised by thick
wooded vegetation, refuting the
paradigm of unidirectional
vegetation change

(i) Fires are less frequent across the seri-Burning was regularly Fire was rarely mentioned by
arid zone, especially the mulga forests noted by explorersin  explorers in the semi-arid zone,
and Mitchell grasslands, due to lower areas where fire is with the exception of Aboriginal
biomass and active suppression uncommon today. burning of grasslands on the
(i) In spinifex-dominated ecosystems, 3. Burning was regularly eastern edge of the semi-arid

small, regular ‘patchy’ fires have been noted in spinifex

replaced by large, destructive wildfires landscapes today

following good seasons characterised by
infrequent large
wildfires

Waterholes in some regions have ‘silted4. Long-lasting
up’ since pastoral settlement due to the waterholes were

zone. Aboriginal burning in
spinifex landscapes recorded by
three explorers

No change in permanence was
evident from the explorer record

loss of groundcover and subsequent  recorded by explorers in for the majority of rivers and
accelerated erosion, resulting in a reaches where there are creeks.

decrease in depth and therefore now no long-lasting

permanence waterholes

The range and abundance of macropod$. Few macropods were Kangaroos were abundant in
have increased in semi-arid areas sincerecorded by explorers in areas of >500mm, but there are
pastoral settlement. Macropods were the semi-arid and arid very few references to

always abundant in wetter areas of zone, but they saw macropods in semi-arid

eastern Australia prior to European relatively large numbers Queensland.

settlement. Red kangaroo numbers in areas above 500 mm

fluctuate with seasons but have not rainfall

changed greatly in the arid zone.

The range and abundance of medium- 6. Medium-sized There are numerous explorer
sized mammals have contracted across mammals will be records of medium-sized
the study area. present in the explorer mammals that are now locally
record in areas where  extinct.
they no longer occur
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METHODS

Study area and exploration history

The study area is defined as the semi-arid andragibn of Queensland, and the
adjacent arid zone of north-eastern South Austratid north-western New South
Wales (Figure 2-1). Average annual rainfall deaesasn a south-westerly gradient,
from 500 mm in the north and east to just 100 mrthen Simpson Desert. Summer
temperatures are hot with maximum temperaturesugtmout December-February
averaging 35°C, while short winters are charaadriby cold nights often falling
below zero and warm days averaging 20°C (BureaMeteorology 2012). Higher
rainfall areas suppo/Acaciaand, to a lesser exteriucalyptusvoodlands, while the
more arid portions are dominated by gibber plaioBing downs, wide floodplains,
low-relief sandstone ranges, open shrublands ddedndy Acacia species and

extensive linear dunefields.

Europeans had been in Australia for over fifty gelaefore a concerted attempt was
made to explore the interior of the continent. I84Q, Edward John Eyre was
thwarted in his attempt to reach the centre ofcinatinent by the chain of salt lakes
which stretch through central South Australia. Bxalion in western New South
Wales, north-eastern South Australia and inlande@siand continued through the
1840s and 50s, with expeditions led by Captain EkaGturt (in 1844-5), Major
Thomas Mitchell (1845-6), Edmund Kennedy (1847¢, ithfated Ludwig Leichhardt
(1848) and Augustus Gregory (1858). The 1860 Buarke Wills expedition spawned
four ‘recovery’ expeditions in 1861-2, led by Widin Landsborough, Frederick
Walker, John McKinlay and Alfred Howitt, all of w¢h served the twin aim of

assessing the pastoral potential of the inland.

Concomitantly, Governments in South Australia andeéhsland were passing
legislation designed to encourage settlement ofwhste-lands’, resulting in a period
of rapid pastoral expansion. From the 1860s, palsgattlement occurred alongside
continued exploration. In 1862, when Landsboroughelled down the Flinders and
Thomson Rivers to the Warrego, there were alreadgsional tracks of cattle along
the streams. By the time Hodgkinson explored thaaintina and Mulligan Rivers in

the late 1870s, much of far western Queensland besh taken up by pioneer
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pastoralists, spreading into the area along themmajers. The 1880s was a period of
closer settlement, while surveyors such as Cormislepell and Winnecke continued
their explorations in the more arid areas to thstw&hus there were just 20 years
between Eyre’s expedition and the arrival of thstfpastoralists. Within the next 30
years, the pastoral frontier had enveloped nedtlguwatable country across inland

eastern Australia.
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Figure 2-1.Explorers study area, showing 250mm and 500mm isobkts, major
rivers, towns and regions mentioned in text
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Journal selection and geo-referencing

Fourteen journals from twelve expeditions spanrtimg period 1844 to 1919 were

examined for this study (Table 2-2). These journaése selected as they contain

relatively detailed accounts of the country traedrsare able to be reliably geo-

referenced and have all been published, albeit usbsc in some cases. Where

selected explorers traversed country outside the-aad zone, these sections of the

journals were also geo-referenced to inform inetadron.

Table 2-2.Explorer journals geo-referenced (observations doat include location
clues; includes km of observation approximate only)

Explorer Expedition Year Reference Number of Km travelled
observations

Sturt Expedition to Central 1844- (Davis 2002) 683 2 690
Australia 5

Mitchell Expedition into the 1845- (Mitchell 1847) 846 2880
Interior of Tropical 6
Australia

Kennedy + Expedition along the 1847  (Beale 1983) 370 +125= 2160

Turner Rivers Victoria and 495
Warrego

Gregory Expedition in Search 1858  (Gregory 1884) 64 1620
of Dr. Leichhardt and
Party

Landsborough  Expedition in search 1861- (Landsborough 505 2230
of Burke and Wills 2 1862)

Walker Expedition in search 1861- (Walker 1863) 167 780
of Burke and Wills 2

McKinlay Expedition in search 1861- (McKinlay 280 1880
of Burke and Wills 2 1863)

Lewis Lake Eyre Expedition 1874- (Lewis 1876) 284 1280
Party 5

Hodgkinson North-West 1876- (Hodgkinson 320 1620
Explorations 7 1877)

Winnecke Northern Exploration 1883  (Winnecke 294 2160
Party 1884)

Davidson Assistant to Surveyor 1885  (Davidson 67 1180
Twisden Bedford 1920)

Basedow + Government North- 1919  (Basedow 475 1420

Greenfell West Expedition 1919; Greenfell

Thomas Thomas 1919)

TOTAL 4480 21 900
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The route of each expedition was plotted in a Gaplgc Information System
(ArcMap 9.3) based on distances, directions, ldétuecordings and references to
distinctive landmarks contained in the journalspmuted by maps prepared by
cartographers upon the explorers’ return (ArrowhniliB49; Harris and Loveday
1862). Latitudes were generally used only as semgndonfirmation of location,
since they were frequently subject to inaccuracy assult of damage to instruments
during travel (Gammage 1984; Denny 1987). GooglghEmnagery and 1:250000
topographic maps were used as base maps, and timerf@roved particularly
valuable for detecting geographic features mentobg explorers. Knowledge of
local aficionados, such as the location of markeds and camps, was able to inform

geo-referencing in some areas.

Observations and remarks were extracted from jdsiraad geo-referenced. Five
major types of observations emerged: ‘people’ (olz@ns of, and interactions with,
Aboriginal people), ‘fire’ (records of wildfire, soke or past evidence of burning),
‘vegetation’ (from individual plant descriptions tiescriptions of broad vegetation
structure), ‘fauna’ (mammals, birds, reptiles, stseand molluscs) and ‘water’
(including rainfall, lack of water, permanence msties and water quality). The
‘people’ category is not explored further in thiaper, but provides a valuable
anthropological reference for future work in thgios.

Locations mentioned in the text are identified ipp&ndix 2-2. The spatial precision
of each observation was recorded. ‘Positive’ laraiwere able to be pinpointed to
within 1 km, usually where landmarks were referted ‘Good’ precision denotes
accuracy to within a 3 km radius, ‘reasonable’ tithim 10 km and ‘tentative’ to
within a 30 km radius. In some cases, locationseva#ficult to assign, due to errors
or omissions in explorer distances or bearingsjaadforms not lining up with
explorer descriptions. In such cases, we couldratonfident of assigning a location
to within a 30 km radius, and the precision is $éakas ‘poor’. For a small number of
observations, locating the explorers with any degreprecision proved impossible,
coordinates were not assigned and the observatiers not used in further analysis.
Where the process of identifying locations was cdempexplanatory notes were
included in the database. Where passages refdrserations made over sections of

the journey, points were assigned to a mid-way tpaamd assigned a precision
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ranking as applicable. Two-thirds of all observasiavere able to be confidently geo-
referenced to within 3 km, while 4% were classifeedpoor precision or unable to be

geo-referenced at all.

Testing hypotheses

To aid in interpretation, we calculated the distatravelled by each explorer through
15 broad vegetation types, by intersecting exploertes with broad vegetation
groups as classified by the Queensland Herbariuabl€T2-3, Appendix 2-3). We
then calculated the number of fire and macropoceasions for each vegetation
type and rainfall zone. The ecological interpretatin this paper is based on
extensive contemporary travel and field studiesvbet 1995 and 2012 and includes
revisiting most of the sites discussed in the tartj over 300 interviews with long-

term landholders and managers (Silcock 2009).

Table 2-3. Distances traversed by broad vegetatiggroup and rainfall zone, with fire

and macropod records per 1000 knftotal number of records in brackets)

Vegetation Distance traversed (km) Fire observations Macropodsbservations

type >500 250- <250 >500 250- <250 >500 250- <250
mm 500mm Mm Mm 500mm mm Mm 500mm | mm

Floodplain | 205 940 175 9.8 (2) 1.1(1)) 57(1 49 (1 0 (0) (op

woodlands

Eucalypt 1090 | 240 0 9.0 (10)| 0(0) - 3.7(4) 0 (0) -

woodlands

Eucalypt- | 50 490 0 0 (0) 20()| - 0 (0) 4.1 (2) -

spinifex

woodlands

Cypress 342 0 0 0 (0) - - 0 (0) - -

Mulga 70 600 130 0 (0) 0 (0) 0 (0) 143 (1) 4.1(1)0(0)

Acaciaon | 60 60 670 0 (0) 33.3(2) 151 0 (0) 16.7 (1) 0P (

residuals

Brigalow 510 0 0 0 (0) - - 0 (0) - -

Gidgee 375 1230 330 0 (0) 0 (0) 0 (0) 0 (0) 0.8 (1) 0 (0)

Mixed 190 140 0 10.5(2)| 0(0) - 0 (0) 0 (0) -

woodland

Mitchell 295 2790 450 6.8 (2) 0.7 (2 0 (0) 10.2(3) 0.7(2)2.2(1)

grassland

Open 0 630 3480 - 0 (0) 0 (0) - 0 (0) 3.7 (13

forbland

Spinifex 0 70 2810 - 285(2) 0.7(2) - 0 (0) 0 (0)

dunes and

sandpains

Sandhills 0 0 1730 - - 0 (0) - - 0.6 (1)

Wetlands 0 120 1620 - 8.3 (1 06() - 0 1.2 (2

Total 3100 | 7400 11400, 5.2 (16 129 04((%) @P | 0.9(7) 1.5 (17)
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RESULTS AND DISCUSSION

A total of 4480 observationwere geo-referenced from fourteen journals, cogerin
over 21 000 km traversed in twelve expeditions (Feég2-2). The majority of
observations related to water (1905) and vegetatg®82). The former included
rainfall and negative observations (i.e. lack otevg but included 290 references to
permanence and 24 pertaining to springs, whildatier mostly comprised references
to individual species (1060), vegetation struct(i®35) and the abundance or
shortage of grass (565). The journals containeddi@@rvations of animals, including
380 of birds, 105 mammals and 90 fish, and 62 eefs¥s to fire. Fifteen broad
vegetation groups were traversed, with most digtdravelled through open forbland
(4100 km), Mitchell Astreblaspp.) grassland (3450 km) and spinif@xigdia spp.)
dunes and sandplains (2860 km). Over 1000 km ofgpamifex sandhills, wetlands,
gidgee Acacia cambageand A. georginag¢ and Eucalyptusdominated woodlands
were traversed, with 800 km travelled through mu{gaacia aneurgdominated
communities. The following sections present six difijeses based on prevailing

paradigms, which are tested using the explorerdeable 2-1).

5
e

Explorer observations Explorer observations
A A Mitchell, 1845-6
A Sturt, 1844-5 0 Gregor;f 1858
' Kennedy, 1847 ) ;
@® Walker, 1861-2 ) Landsborough, 1861-2
O Lewis, 1874-5 _ =+ McKinlay, 1861-2
/ Hodgkinson, 1876-7 * Winnecke, 1884
% Davidson, 1885 A _Egﬁsedow1sé1(39reenfell-
g Foom omas,
ad ." ‘ iy A S Km | | 4 X 4 ,& ‘\‘ul""‘.. — —————¥m
B < % 0 250 500 » < X 250 500

Figure 2-2. Geo-referenced explorer observationsdm (a) Mitchell, Gregory,
Landsborough, McKinlay, Winnecke and Basedow & Gregfell-Thomas, (b) Sturt,
Kennedy, Walker, Lewis, Hodgkinson and Davidson
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Vegetation change

The fourteen journals contained between 35 (in Walkand 330 (Mitchell)
descriptions of vegetation structure. Here we cotraée on observations from the
semi-arid zone where there is widely assumed te lwaen a general thickening of
woody vegetation since pastoral settlement, esiheafimulga (Mooreet al. 2001,
Beale 2004) and gidgee (Reynolds and Carter 1998) Appendix 2-1 for further
references). We hypothesise that there will be maosexamples where explorers
passed through open country that is now thickly adeab All observations discussed
in this section were able to be located to withHinkin accuracy, and most to within 3

km.

The expeditions of Kennedy (in 1847) and Landsbghoyin 1862) provide
descriptions of vegetation structure in the muleatia aneura forests of southern
Queensland. Both journals reveal that the countty mosaic of thick mulga forest,
grassy woodland, open flats along the rivers angechiwoodland or cypress pine
sand ridges (Table 2-4). Heading south along theré@a River, the country opened
into extensive Mitchell grassland, invoking supevies from the explorers.

Such enthusiasm contrasts sharply with the comnadntise explorers in the mulga
country to the north. Kennedy had difficulty trasieg some sections due to its
‘scrubby and sandy’ nature. At one point, about KB north of present-day
Charleville, he found the mulga ‘too thick to pea&’ (2 November 1847).
Landsborough, with his ever-keen eye for pastopgootunity, lamented the poor
nature of much of the country. While there were sowell-grassed and thinly
wooded areas, his journal is dominated by desonpti of ‘barren scrubby
ridges...thickly wooded with mulga’ and ‘scrub...comnsig of mulga with few other
trees’ (3 May 1862). West of the Warrego, somehef ¢ountry was ‘well covered
with kangaroo grass, but in the last part of theney it was too scrubby to be well
grassed’ (6 May 1862). South-east of Charlevillee ‘country...was so bad that | did
not wonder at its not being stocked...Where it isthatkly wooded with thick mulga

scrub, which chiefly prevails, it is grassed withodia...” (12 May 1862).
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Table 2-4. Vegetation structure observations, Warrgo River, Kennedy and Turner
(1847) and Landsborough (1862¢xpressed as a % of total observations

Vegetation summary Kennedy and Turner  Landsborough Total
Scrub or thick forest 28.6 40.7 34.5
Open forest or thinly wooded 25.0 25.9 25.5
River flats and treeless plains or 50.0* 11.1* 30.9
grasslands

Mixed sand ridges 3.6 111 7.3
Pine [Callitris] ridges 7.1 7.4 7.3
Spinifex [Triodia grassland] 3.6 3.7 3.6
Total observations 28 27 55

* All references to grasslands south of Wyandrd@ (i@ south of Charleville)

Mitchell, who travelled through a small area of thastern mulga forests in New
South Wales and Queensland, mentions battling ¢frar avoiding dense ‘Malga’
six times, and regarded it as representing ‘tottheeller the most formidable of
scrubs’ (24 March 1846). These observations refuterevailing myth, shared by
many long-term residents and some researchers;nioast of the mulga was open
savannah at the time of European settlement’ (B2@04:2). Landsborough’s general
comment on the nature of the mulga country is mgive: ‘The country was thinly

wooded in some places and scrubby at others’ (1y 1N8&2).

A matrix of open Mitchell grasslands arcacia woodlands, primarily gidgee
(Acacia cambageR.T. Baker) and boreé\¢acia tephrinaPedley) with smaller areas
of brigalow @A. harpophyllaF.Muell. ex Benth.) and myallA( pendulaA.Cunn. &
G.Don), occurs in central Queensland in the vigioit Blackall and Longreach. The
area was traversed by five explorers — Mitchellnikedy, Gregory, Walker and
Landsborough — between 1846 and 1862. Togetherntlaele over 100 observations
of vegetation structure in this region, which canclassified into four broad structural

classes (Table 2-5).
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Table 2-5. Vegetation structure observations in ceral Queensland, expressed as
percentage of all observations by each explorer

Vegetation Mitchell Kennedy Gregory Landsborough Walker TOTAL
summary (n=28) (n-=32) (n=7) (n=24) (n=13) (n=103)
Scrub or thick  28.6 31.3 57.1 16.7 30.8 29.1
forest (gidgee)

Open forest 14.3 94 0.0 12.5 7.7 9.7
(boree or gidgee)

Thinly wooded 3.6 15.6 14.3 58.3 0.0 20.4
downs

Downs/plains 53.6 43.8 28.6 12.5 61.5 40.8

These observations show that the country was axwdtthick gidgee ‘scrubs’, thinly
wooded downs and open plains. The open and thinlyded downs most impressed
the explorers, and led Mitchell to declare it ‘theest region | had ever seen in
Australia’ (22 September 1846). The prior expergent dense scrubs enhanced his
appreciation of the downs. East of Tambo, Mitchiglund the scene ‘most
refreshing...on emerging from so many thick scrul& September 1846). In some
cases, the scrubs were so thick that the explevers forced to cut a path for their
wagons or avoid them altogether. About 20 km eh$tmbo, Kennedy ‘...had to cut
thro’ a dense Brigalow Scrub’ (23 July 1847). Sarly, Walker’'s progress ‘was
checked by a dense, almost impenetrable scrubaaiaafgidgee]’ (1 October 1861).
Along the Thomson, Landsborough generally traveltedugh thinly wooded downs,
until approaching the Barcoo north of Yaraka, whige country became ‘so thickly
wooded at places with western-wood acacia thangidiast was too dangerous to be
agreeable’ (19 April 1862).

The open and wooded downs now support a profitphastoral industry. The gidgee
and brigalow woodlands have been much reducedtaneby broadscale clearing,
while the remnant woodlands are widely believedhtve ‘thickened up’ since

pastoral settlement (Reynolds and Carter 1993).IaMhiere has been substantial
thickening of gidgee in some areas over the pasye#is (Fensham and Fairfax
2005), the explorer record shows that there wergel@xpanses of dense gidgee in

pre-European times.
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Rather than providing evidence of unidirectionampe, the explorer journals suggest
a natural dynamism in woodland/grassland dynamicsemtury scales (Fensham and
Holman 1999). Mitchell, Kennedy and Gregory all aoeted vast areas of dead
‘brigalow’ (actually gidgee) along the Barcoo. AlbdidO km north-west of Blackall,
Mitchell described ‘...extensive downs, in many paftsvhich dead brigalow stumps
remained, apparently as if the decay of that speofescrub gave place to open
downs’ (24 September 1846). Later, retracing lepsbut on the southern side of the
river, he observed that ‘an uncommon drought hadleckimuch of the brigalow
scrub so effectually, that the dead trunks alomeareed on vast tracts...” (1 October
1846). A year later, Kennedy mused that ‘from tppemrance of the downs which are
strewed with dead timber...it is evident that at sdime or another they must have
formed one vast scrub’ (10 August 1847). Dead tinvbas a feature of the country
for over 100 km: ‘From the quantity of dead timisenewed over the ground it would
appear that the scrubs are fast decaying and RE&fins their room...” (11 August
1847). Twelve years later, the dead timber remaimetdwas no longer standing,
‘rending the country almost impracticable from tpeantity of fallen dead timber’
(Gregory, 26 May 1858). The probable cause of teddrees is extreme drought, but
the magnitude of this event must have been fatgrélaan that which occurred in the
2000s when the area west of Blackall experiencedaits driest years on record in
2002-2003 as well as below-average rainfall in 20086 (Bureau of Meteorology

2012) without killing extensive areas of trees.

Overall, the explorer record suggests surprisitighg change in vegetation structure
across inland eastern Australia, given the hugeadmdpt changes in land-use with
the commencement of pastoralism. This contrasts stitdies from other areas, such
as Crowley and Garnett (1998) from Cape York anatL{®1998) from a coastal
woodland remnant in southern Australia, which deidca general thickening of
vegetation compared with the explorer record. H®uew western New South Wales
the only significant changes in vegetation struztuere related to broadscale clearing
(Denny 1987). Other studies from the Queenslangaiands that have applied a
systematic and quantified approach to employingHhiséorical record reveal scant
evidence of unidirectional change in woody vegetatstructure (Fensham 2008;
Fenshanet al. 2011a).
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Fire

There is a general view that fires are less fregusmoss the semi-arid zone,
especially in the mulga forests and Mitchell grasdk, due to lower biomass with
livestock grazing and active suppression by pakstegScanlan and Presland 1984;
Reynolds and Carter 1993). While some authors athgakfire would never have
been a regular occurrence in mulga communities tdusparse biomass in most
seasons (Dawsoet al. 1975; Hodgkinson 2002), other researchers and naamy
managers invoke a loss of regular fires to exppairceived tree and shrub thickening
and expansion (Duyker 1983; Reynolds and Cartei3;1880re et al. 2001). In
spinifex-dominated landscapes, current theory sstgffeat small, regular ‘patch
burns’ have been replaced by large wildfires follagvperiods of high rainfall, with
devastating effects for fire-sensitive communita®gl species (Allan and Southgate
2002; Latz 2007). We hypothesise that burning veagilarly noted by explorers in

semi-arid areas and spinifex-dominated ecosystems.

The journals analysed encompass a total of 60 redrdlrel spanning seven decades
and thus a broad range of seasons and weather.réfesgnces to fire relate to smoke
from Aboriginal camp fires or smoke signals, sorntenl response to the explorers’
presence, with only 25 pertaining to wildfire. Then of these were observed
burning, while the remainder had occurred priotthte explorers’ arrival and were
noted as burnt ground or post-fire regeneration.elVe& observations refer to
floodplains and eucalypt woodlands, often alongekliaes, in areas receiving >500
mm rainfall on the eastern margin of our study difleble 2-3). Here, Mitchell noted
that Aboriginal people made the most of hot windstburn as much as they could of
the old grass, and a prickly weed which, being negdowould admit the growth of a
green crop, on which the kangaroos come to feed.8.May 1846).

With the exception of grassfires in the Mitchelags Astreblaspeciesprasslands in

the far east and north of the study area and spir(ffriodia species) deserts, fires
were rarely noted by the explorers in areas reegivd500mm rainfall. There are four
references to Aboriginal people burning Mitchelagglands, all on the northern and
eastern edge of the semi-arid zone. Mitchell nategtassfire in central Queensland,

writing that ‘the extensive burning by the nativasyork of considerable labour, was
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performed in dry weather’ (13 September 1846), satigg that, even prior to the
introduction of domestic livestock, biomass wasyaifficient to support large fires
during dry windy spells and probably after goodsses (Griffin and Friedel 1985;
Hodgkinson 2002). McKinlay recorded ‘Blackfellowsurhing grass...the first
bushfire we have seen’ at the end of April 1862emwhn the northern Mitchell
grasslands and nearing the end of his seven-manitmgy from South Australia,
while Landsborough noted recently-burnt grasslalwhg the Flinders River (24
February 1862). Five fire references were from ifgxn(Triodia species) country,
two each from the Simpson Desert dunefields (Wikee&eptember-October1884)
and sandplains south of Charleville (Turner, 4 Nober 1847 and Kennedy, 20
November 1847), while McKinlay observed Aborigitairning in theEucalyptusand
spinifex-dominated Selwyn Ranges south of Mt Isklay 1862.

These observations, including no references toifirever 600 km travelled through
mulga forest, including during early summer whemiégx in the same area was
being burnt, and just two references in 2790 kmMitchell grasslands traversed
(Table 2-3), suggest that fire was rare throughmast of the semi-arid zone. This
lack of fire in inland eastern Australia contrastith regular dry-season burning in
higher rainfall areas across northern AustraliaafBevaite 1991; Fensham 1997;
Crowley and Garnett 2000; Vigilante 2001; Preec8220in the forests of south-
eastern Australia (Gott 2005), and spinifex desartentral Australia (Kimber 1983).
It is possible that wildfires following wet years the Simpson Desert dunefields west
of the Mulligan River burn larger areas in the algseof the Aboriginal patch burning
noted by Winnecke (Greenvillet al. 2009). However, the hypothesis of frequent
Aboriginal burning across semi-arid Queensland os supported by the explorer

record.
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Waterhole permanence

Although Australia’s inland river systems are irgmdty dynamic (Knighton and
Nanson 1994; McMahoet al. 2008), loss of groundcover through overgrazing is
considered to be a primary cause of ‘silting’ oéchels and waterholes in some areas
(Kowald and Johnson 1992; Robertson and Rowlind28@Il and Iwanicki 2002;
Nolan 2003). Many long-term residents in the stadga consider that waterholes
along some reaches were deeper and more permaniet past (Silcock 2009). The
explorer journals provide the first written recormafsinland waterholes, prior to the
incursion of domestic and feral animals. We hypsigeethat explorers recorded long-
lasting waterholes in reaches which are now dewbglich features.

Most references to water are not sufficiently dethto infer the likely permanence of
waterholes. Others were made in good seasons d&e Wia river was still flowing,
precluding inferences of permanence. For exampéefitst explorers to describe the
Diamantina River, McKinlay (in 1863) and Hodgkins@m 1877), travelled when the
river was in flood, so were unable to provide apliable estimates of waterhole
permanence. Taking these factors into accounte twere 101 points where explorer
records could be overlaid with current information permanence (Silcock 2009),
spread across 30 reaches of creeks or rivers. Xplerer record does not point to
substantial changes in depth and permanence fom#jerity of these. Most deep,
permanent waterholes recorded by the explorersirepermanent, while in areas
today characterised by a paucity of good waterhdhes explorers struggled to find
water. There are, however, a few instances whersttitus of present-day waterholes
differs from the assessment of explorers. Whilerehare two waterholes where
permanence has undoubtedly increased, due to diarawa inflow of bore water, the
explorer record suggests a decrease in depth anthpence in five cases (Appendix

2-4), three of which are discussed below.

Landsborough’s observation of deep waterholes dtweix (Four Mile) Creek, a
tributary of the Thomson south-west of Longreachgests change as there are no
such holes in these shallow channels today. THesence of silting is corroborated
by long-term residents, who remember semi-permahel@s in the area that have

now silted up. Long-term residents also believe #iling has affected waterholes in
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the upper Thomson catchment, including along ToiNeZheek. When Landsborough
encountered the creek in its upper reaches, heewhat ‘All along the creek there are
many fine deep waterholes’ (24 March 1862). Anealdetidence suggests that these
waterholes used to be 6-8 feet deep, but have gligdilted up and some are lucky
to last four months (Silcock 2009). However, thaéef waterholes’ to the south
recorded by Landsborough the following day ard séigarded as permanent. The
explorer record provides tentative support for dotal observations of silting in
these creeks, and illustrates the value of usinljiprailines of evidence in historical
ecology (Davies and Watson 2007; Goforth and Minr@007).

However, anecdotal evidence is not always corrdbdrdy the explorer record.
Waterholes along Strzelecki Creek are believedatelsilted up due to overgrazing
during the droughts of the late 1800s (Tolcher }98&l as early as 1919 Basedow
noted that ‘...drift sand has ruined many once goatevinoles’ (25/8/1919). Sturt’s
journal is particularly valuable along Strzeleckie€k because he travelled during a
very dry time in the mid-1840s and re-visited thatevholes three times. His journal
provides little support for a decline in waterhpkrmanence during the early phase of
pastoralism. His journal entries of August 184mpai picture of the channel as being
‘of considerable width, tho not depth’ (18 Augus#h) and containing several broad
waterholes. These waterholes still contained ‘atersible water’ in October 1845,
but when the party returned a month later, theyritbnothing but mud in the one and
the water in the other very little better than m(id November 1845). This third visit
indicates that these waterholes were certainlypeotanent in Sturt’s time, and are
unlikely to have ever been anything but broad,lehaholes. Gregory, who traversed
120 km of Strzelecki Creek, corroborates this, imgitthat ‘No permanent water was
seen along the bed of the creek although therenarey deep hollows which, when

once filled, retain water for several months’ (A.d2une 1858).

Detecting the silting of waterholes through the lesgr record is stymied by

intermittent visitation by explorers, incorrectenpretations of permanence and the
inherent natural variability in the system. Whikcognising these limitations, there
are many stream reaches where the record hasienffiesolution to detect change
and our results suggest that the depth and thusgpence of waterholes has not

changed greatly across most of the study area. Gvezall interpretation that
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waterholes are relatively constant despite enviemal upheavals, including climate
change associated with glacial cycles, is suppoltgdgeomorphological studies
(Nansoret al. 2008; Mageet al. 2009).

Macropod numbers

It is widely believed that larger macropods (thé kangarooMacropus rufuseastern
grey, M. giganteus western greyM. fuliginosusand wallaroo,M. robustu} have
increased in number and range in semi-arid area® fastoral settlement, due to the
provision of artificial sources of water, dingo tamh and vegetation changes
associated with livestock grazing (Newsome 1973ali3aand Grigg 1989; Fukaad

al. 2009). In particulanM. giganteushas expanded into more arid areas in the past 30-
40 years (Dawsomt al. 2006). Average densities . rufus M. giganteusand M.
robustusin semi-arid Queensland are now 8.5%@\5/knf and 4.9/krf, respectively
(Department of Environment and Resource Managen2fitl). However, the
explorer record has been employed to challengectimsentional view by showing
the kangaroos have always been abundant in mamg afesouthern and eastern
Australia (Denny 1980; Auty 2004). Red kangaroo harme seem to have always
been patchy and fluctuated with seasons in moceamdas (Calaby and Grigg 1989).
We hypothesise that few macropods were recordezkplprers in the semi-arid zone
but they saw relatively large numbers in areas ali®0 mm rainfall, while numbers

recorded in the arid zone were variable but gelyeial.

Interpreting kangaroo density from the exploreordds fraught, because the absence
of records does not confirm an absence of aninalfact, kangaroos may have been
so commonplace that they did not rate a mentionvéder, the journals cited by
Denny (1980) and Auty (2004) show that most expgrencluding Mitchell in his
earlier expedition along the Murray River, tendechote if kangaroos were abundant.
In addition, in areas where they were common, karggawere an important game
item for exploring parties, and thus worthy of antnen in the journals. For example,
north of the Diamantina, McKinlay was pleased thitdgkinson shot a euro which
will help us on’ (15 April 1862), while nearly adixplorers devoted considerable time

to the pursuit of game to supplement their meagpplges.
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The fourteen explorer journals examined here tagettontain 33 references to
macropod sightings (Table 2-3). Almost half of #nese by Basedow and Greenfell
Thomas, indicating that in 1919, red kangaroos vwetemmon sight in the arid-zone
(<250 mm mean annual rainfall) of north-easterntSdwustralia and far south-west
Queensland. Also writing about the arid-zone, Dswid is explicit in defining
kangaroo densities, noting ‘a family of three kawga, the only ones seen west of
Boulia’ (1885). McKinlay records that kangaroos &eommon in three locations, all
towards the end of his journey, suggesting thdtdeebeen seeing only small numbers
throughout the rest of his journey along the Diatiman Just before leaving the
Diamantina catchment, McKinlay thought the sighting a single wallaroo
noteworthy enough to name a hill ‘Euro Hill' (6/882). Sturt’s journals contain
three references to kangaroos in far north-westesn South Wales and north-eastern

South Australia, suggesting that they were not dhaaohin this area.

Mitchell’s journals suggest that kangaroos werenalant in areas of central-southern
Queensland, outside the semi-arid zone (>500 mmmraeaual rainfall). The plains
east of Tambo were ‘heavily imprinted with the feétkangaroos’ (13 September
1846). However, in the semi-arid region (250-500mthg journals of Mitchell,
Kennedy and Gregory contain only one mention ofgaoos along the Barcoo from
Tambo to Yaraka (two large red kangaroos noted éyriedy on 5 August 1847) — an
area where eastern grey kangaroos, red kangardosalaroos are now in relatively
high densities (Department of Environment and ResouManagement 2011).
Furthermore, Turner writes on an almost daily basikis attempts to procure meat
for Kennedy'’s party along the Barcoo, including emai variety of birds and even in

one case dingo pups, but does not once reportgsaeairacropod.

Kennedy's observation north-east of Charlevilleggealing: ‘Two Kangaroos were
shot today. They are the first we have observedhenjourney’ (2 July 1847).
Although Mitchell recorded kangaroos twice in targa the previous year, Kennedy’s
comment suggests that they were rarely sighteddsl@rough noted that kangaroos
were numerous north of Camooweal, on the edgeeo$¢imi-arid zone (30 November
1861 and 6 January 1862). However, he only mentiogr®m once on his journey from
there to the Warrego, a total distance of almo802m, passing through areas where

kangaroos are now extremely abundant. North-we§&hairleville, he wrote: ‘In this
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day’s journey we saw more kangaroo and wallaby tramny previous occasion...’
(6 May 1862). This implies that the party had bseeing small numbers of kangaroo
throughout the journey, but the individual sighSngare not recorded in
Landsborough’s journals.

Overall, analysis of the record supports the hygsith that kangaroos were rarely
recorded in the semi-arid zone, were patchy insawei#h less than 250 mm mean
annual rainfall, probably with population booms idgrtimes of above-average
rainfall (Calaby and Grigg 1989), and abundantame areas with >500 mm annual
rainfall. The paucity of kangaroo observationshe explorer record across most of
the semi-arid zone suggests that eastern grey kavgyand wallaroos are found in
much higher densities today than they were prigrastoral settlement.

Medium-sized mammals

The extinction and range contraction of mediumgizaammals across inland
Australia is well documented (Letnic 2000; John2#06). We hypothesise that
medium-sized mammal species were recorded by exglon areas where they no
longer occur. The journals provide some of the awiiyten field records of small and
medium-sized mammals prior to the wave of catakiogxtinctions that swept

across inland Australia (Johnson 2006). Two ofriest interesting, and previously
uncited, references to fauna are from Hodgkinsgmisnal along the Mulligan River

in far western Queensland in 1876. North-west ati®iille, he observed that ‘The
kangaroo-rats here build nests three feet highnagahe trunks of giddia or other
trees’ (7 August 1876). Based on the descriptiontha nests, this observation
probably refers to the now-extin€aloprymnus campestrisand is a significant

extension of its known former range (Finlayson 193®ahan 2004). Heading north-
west into the Toomba Range west of Boulia, Hodgkinsioted ‘numerous rock

wallabies’ in a ‘picturesque sandstone gorge’ (21gést 1876). This sighting is
outside the known historical range of the threandl species of rock wallaby (Clancy
and Close 1997), but is most likely to be the peapécked rock wallabyRetrogale

purpuricollis (Peter McRae, pers. comm., October 2010).
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Sturt’'s party also saw groups of three (4 Novemb@44) and five or six (15
December 1845) yellow-footed rock wallabié®{rogale xanthopysin the Barrier
Ranges north of Broken Hill. Given that rock walkgbcan be cryptic (Gordaet al.
1978), for Sturt and his party to see two colomidsle passing through the ranges
suggests that they were reasonably abundant. Tieeyoav considered Vulnerable in
New South Wales, the remaining two colonies of 280-individuals being restricted
to two cliff systems and two outcrops north-easBadken Hill (Lim and Giles 1987).
Sturt recorded numerous other species now rarextimce in western New South
Wales and southern Queensland, including stick-regst Leporillus conditoj and
greater bilbies (‘jalparoos’ or ‘talperosMacrotis lagoti3 (Denny 1994). In 1885
Davidson saw a bilby near Boulia, just outsidetdirt current much-reduced range,
and writes that ‘They must have been fairly plentin these days, as it was
customary for the blacks, when in full costumewear a sort of garter below the
knee from which depended the tails of the bilbigie hypothesis that medium-sized
mammals are present in the explorer record in andese they no longer occur is

supported.

Enhancing interpretation

The explorer record holds maximum power when ipricisely geo-referenced to
allow direct comparison with current circumstancéfie combination of easily
available Geographic Information System softward fiee, high-resolution Google
Earth imagery has made reconstructing exploreesootuch easier, through allowing
distances and bearings to be traced on-screen eogtaphic features mentioned in
journals to be readily identified. Precise geo4refeing is not always possible, due to
ambiguities and errors in distance and bearing oreasents given in journals. In
addition, numerous passages refer to observati@ue raver sections of the journey,
sometimes encompassing entire days, rather thasifispeoints. Limitations can be

acknowledged by attributing spatial precision eat#s to observations.
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Building a composite picture of numerous exploeroards across a region is more
powerful than using a single journal in isolatiéfor example, the low numbers of
kangaroos in the Barcoo River area is corrobordgdour explorers, while the
existence of thick mulga vegetation is verifiedtbgee explorers. The explorer record
is especially useful when it includes quantificatiaf a given parameter, such as the
depth measurements of waterholes provided by Lewest and north of Lake Eyre.
Quotes such as Kennedy'’s ‘this is the first kanga®en’ are extremely valuable, but
frustratingly rare. Similarly, Mitchell and Kennédydescriptions of having to cut
paths through or being unable to penetrate brigao@ mulga scrubs allow us to
gauge more specifically what they meant by the ténrok’. In general, however, the
lack of quantification of vegetation structure awdterhole depth, and difficulties
associated with inferring absence of animals (Det®84) and fire (Fensham 1997),
represent major limitations of the explorer recdrdcontrast, the mere presence of
some phenomena is of inherent significance, andutfygiantified records of extinct

mammals represent an unequivocal example of lapdsda@ange.

Selectively plucking quotes from the journals casuit in them being taken out of
context. Perhaps the most well-known example of thi Mitchell’'s musings that
‘Fire, grass, kangaroos, and human inhabitantsn sgedependent on each other for
existence in Australia; for any one of these beuagting, the others could no longer
continue’. This oft-quoted passage has been usedply that most of Australia was
regularly burnt and, indeed, dependent upon burfignnery 1994; Welsh 2004;
Gammage 2011). This is not supported by MitchdlBg4-5 journal, which contains
only occasional references to fire in the 2000 kentdavelled through Queensland,
and no references in 500 km of the semi-arid zoaeetsed. Similarly, conclusions
regarding the open nature of vegetation in cenitalv South Wales based on

selective use of historical sources have beenaéfoy Benson and Redpath (1997).
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CONCLUSION

The explorer record provides rare and graphic htsigto the extent of landscape
change in a region. When examined systematicallgdxy-referencing all available
sources as accurately as possible, testing spégifiotheses and using contemporary
observation and understanding of landscape to empbigtorical interpretation, it
can inform key aspects of contemporary land managérdebates. The explorer
record for our study area suggests little changérmad vegetation structure or
waterhole permanence. Fires were infrequent andlynestricted to higher-rainfall
grasslands and spinifex-dominated ecosystems. Tk®ribal ranges of some
medium-sized mammals that are now extinct or raaeehbeen expanded. The
dominant large herbivores (macropods) were relgtivacommon in semi-arid areas
where they are abundant today. These conclusiensetr always consistent with
existing dogma but should contribute to debatesermdning contemporary
rangeland management and conservation, including leearing guidelines and
legislation, fire management and harvesting ofveasipecies. This paper provides a
blueprint for rigorous interrogation of this vall@kand unique record which can be
used to test prevailing assumptions common tosrstems that have been subject to

abrupt management upheaval.
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CHAPTER 3.

ARID VEGETATION IN DISEQUILIBRIUM WITH LIVESTOCK
GRAZING: EVIDENCE FROM LONG-TERM EXCLOSURES

INTRODUCTION

The past three decades have seen debate surrouthdimglidity and utility of two
paradigms for interpreting rangeland vegetation adyics. The ‘equilibrium
paradigm’ considers grazing systems to be intgrnedigulating, with relatively
constant abiotic patterns and tight coupling betwpkants and herbivores, wherein
herbivore densities are sufficient to consume abél plant biomass (Brisket al
2003). This view has been challenged for highlyialde rangeland systems, where
external climatic events are critical to systemaiyits and tend to override internal
biotic controls (Ellis and Swift 1988). Such gragisystems are purported to display
non-equilibrium dynamics, including weak couplingtlween the responses of plants
and herbivores (Westobgt al. 1989; Jackson and Bartoleme 2002; Retzer 2006).
Some authors have argued that the risk of envirotehedegradation through
overgrazing in non-equilibrium systems is limitdmicause the ephemeral forage is
only in abundance for brief, sporadic periods amitdsquent protracted drought,
keeping livestock numbers well below equilibriurtther through animals starving in
the field or being moved to other areas (Ellis &wift 1988; Wardet al. 1998;
Sullivan and Rohde 2002).

Despite the apparently opposing features of thesadgms, recent reviews argue
that they are not mutually exclusive (Walker andsaéh 2002; Briskeet al. 2003;
Vetter 2005). Ecosystems can exhibit both equiitoriand non-equilibrium dynamics
at a variety of spatial and temporal scales (Cdnaetl Sousa 1983; Fernandez-
Gimenez and Allen-Diaz 1999). For example, the enedistribution of grazing
pressure means that certain ‘key resource areadde@n equilibrium and hence more
vulnerable to degradation, while the majority o¢ tlandscape is not in equilibrium
(Ilius and O'Connor 1999). The period over whigkgegtation is recorded, and the
prevailing seasonal conditions, can also lead fferdig interpretations of vegetation
dynamics (Fuhlendorét al. 2001). The challenge is then to understand whede an
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under what circumstances different dynamics apa$ythis will have fundamental
consequences for management. Interventions basétecequilibrium paradigm will
tend to focus on reducing stocking rates in angiteto increase stability and halt
declines in the palatable and sensitive componeitke vegetation. Proponents of
the non-equilibrium paradigm argue that arid ectesys are resilient to opportunistic
stocking strategies, where stock numbers are iseteauring periods of abundant
growth following unpredictable rainfall but are i@ to be sustained through
protracted droughts. The assertion that non-egiuhi rangelands are not vulnerable
to degradation, and that management interventionedaat reducing stocking rates
are unnecessary, has generated considerable cerstydqWatsoret al. 1996; Sullivan
and Rohde 2002; Vetter 2005). At its extreme, thswv implies that given the
vagaries of the climate, management is of littlesemuence in arid rangelands (lllius
and O'Connor 1999).

Historical and ecological accounts have entrenctined perception of degradation
across much of arid Australia (Tolcher 1986; WHi@97; Letnic 2000). Impacts
documented in other parts of central Australiaudel a loss of ground cover, mostly
long-lived perennials and grasses, acceleratedioeroand changes in species
composition due to decline of selectively-grazedcsgs (Leighet al. 1989; Friedel
1997; Landsbergt al. 2002; Tongwayet al. 2003; Read 2004; Johnsehal. 2005).
However, there is a general perception in the ggazommunity that impacts on the
vegetation in flooplains and surrounding landscap@land Queensland are slight
(Edmonston 2001), and a recent study showed Igtledence of irreversible
degradation in the Simpson Desert dunefields &teryears of grazing by cattle
(Fenshanet al.2010a). These authors found almost no patterpkamt cover, species
richness or abundance of life forms in relation g@zing, and argued that the
ephemeral life history response of the majority species to unreliable rainfall
effectively doubled as an adaptation to survivingzgng. Unfortunately, there is little
quantified evidence from which to assess the \glioli these divergent perceptions of
degradation for the vast dunefields and plains tharacterise north-eastern South

Australia and south-western Queensland.
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Grazing exclosures provide an opportunity to gadmepirical evidence to distinguish
between equilibrium and non-equilibrium vegetatdymamics (O'Connor and Roux
1995; Ryerson and Parmenter 2001). If there aneifgignt differences in species
abundance and composition between grazed and wiyreatments, there are
negative feedbacks between grazing intensity agdtaéon dynamics. It follows that
the system is approaching an equilibrium state, raagt therefore be vulnerable to
long-term degradation through overstocking (Vet®05). If no differences are
detected between treatments after a reasonabledpefi grazing exclusion, two
alternative interpretations are possible. One g@@naews the system as being
resilient to grazing and therefore not degradeds Triterpretation is consistent with
the view that non-equilibrium dynamics will prederate in highly variable arid
rangelands, where drought is the major stress ®syhtem and animals rarely reach
equilibrium with their fluctuating resource baseifrandez-Gimenez and Allen-Diaz
1999). Alternatively, the system may have already ggrazing-sensitive species prior
to the exclosures being erected, thereby precludiogvery with removal of grazing.
Under this interpretation, grazing has resulted jpersistent and resilient vegetation
assemblage dominated by grazing-tolerant specseslly short-lived species that can
complete their life cycles rapidly (Milchunas al. 1988; Leighet al.1989; Landsberg
et al. 2002; Obaet al. 2000). This view is also consistent with the nguaikbrium
paradigm, which accommodates discontinuous and rexersible changes to

vegetation communities (Brislet al.2003).

This study explores these three alternatives usiegl4-year exclosures in dunefield
and floodplain land systems on Innamincka Regidtederve. Species composition
and abundance are compared between cattle exclaseas and adjacent cattle-
grazed plots. We discuss the possible interpretsitad our results in the context of
equilibrium and non-equilibrium paradigms for imgesting rangeland vegetation
dynamics, and in relation to regional and propestiycking rates and a regional
analysis of the flora to detect species that mayehdeclined under grazing.
Implications for management of these rangelandsfanae research directions are

discussed.
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METHODS

Five exclosures on Innamincka Regional Reserviembrth-eastern corner of South
Australia (Figure 3-1) were measured in May 201(hede exclosures were
established in 1996 by the National Parks and \téldbervice of South Australian
and S. Kidman & Co. Ltd. Average annual rainfall lonamincka is 174 mm. Since
the sites were established, rainfall has averag&dmm per annum. However, the
defining feature of rainfall is its extreme varildlyi with a coefficient of inter-annual
variation of 67% and long periods of aridity purated by occasional heavy rains.
Site measurements were preceded by an exceptiomalysummer, with 380 mm
falling from November 2009 to April 2010 inclusivepmpared to the long-term
average for this period of 114 mm. Innamincka nes#i186 mm in February 2010,
making it the wettest February since records béga883.
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Figure 3-1. Location of Innamincka Regional Reserveshowing state borders, major
towns and watercourses
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At each site, a 50 m x 50 m four-strand barbwireéeexcluded cattle. An equivalent
plot was established outside each fence as thke-gatized treatment (Figure 3-2).
Cattle grazing has occurred across all sites fOr yEars (Tolcher 1986), with recent
densities between 0.007 and 0.030 beast per heetigheugh this fluctuates with
rainfall (Table 3-1). These stocking rates are lsimio surrounding properties with
similar land types, and may be slightly higherhe vicinity of the exclosures due to
the proximity of waterholes and floodouts of theofer and Strzelecki systems (John
Maconochie, pers.comm., October 2011). All sitegehlaad periods of complete de-
stocking within the last ten yearRed kangaroos would not be excluded from the
exclosures, but are in low densities and do natesegmt a significant contribution to
total grazing pressure (G. Campbell, pers. com@i0P

Grazed Ungrazed (cattle excluded)

IR
I I IRIRIRT

Plot

2m®| i i i | 5m
4m 2m im 0.3m

Fence

7m

Figure 3-2. Layout of 50 m x 50 m exclosures andmspling design.Floristic data
was collected in 7 m x 2 m plots, with abundance @ 1-4 in the subplots (bottom
left-hand corner, increasing in size from right toleft)

Site 1 (27.3817° S, 140.6717° E) is on the toesslofpa low dune, site 2 (27.7303° S,
140.5956° E) is on a floodplain with cracking clsgil and a low open Eucalyptus
coolabah woodland, site 3 (27.9586° S, 140.77568 Bh a slight stony rise amongst
low dunefields, site 4 (28.0206° S, 140.6969° Enis sandy-loam dune swale and
site 5 (27.8375° S, 140.6589° E) is on a sandpidim scattered low shrubs éfakea
eyreanaandH. leucoptera(Figure 3-3). No trees or shrubs were presenttes 4i, 3
and 4.
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Table 3-1. Stock numbers, paddock areas and averag&cking rate for paddocks
containing exclosures, Innamincka StationMaximum stocking rate is defined as the
highest stocking rate at any time in past 10 year®ata supplied from S. Kidman & Co.
records.

Site (Paddock) Stock Average stock Maximum  Paddock area Average
Number in number number of stock  (ha) stocking rate/ha
May
2010
1 (Barton’s) 267 150 550 20 200 0.007
2 (Goonaburroo) 1250 750 2859 100 400 0.007
3 (Bore track north) 639 1250 2800 126 100 0.010
4 (Bore track north) 639 1250 2800 126 100 0.010
5 (Mandy’s) 0 40 101 1370 0.030

Figure 3-3. Innamincka sites 1-5clockwise from top left. Note that Site 5 uses@addock
fence rather than exclosure, as cattle do not grazbe northern (left) side due to absence
of water; plots were situated 6 m from fence to avd track

Sampling was undertaken in ten plots in the ungtae grazed treatments at each
site (Figure 3-2). The dataset therefore comprigg@l plots (5 sites x 2 treatments x
10 sub-samples). Plots were aligned with everyrs#qocket along the fences, with

five plots situated along lines 5 m from the fereeboth sides of each treatment.
Each 2 x 7m linear plot was split into four subtplof increasing size. Plant species
present in the first 0.3 x 2 m sub-plot were assigan abundance score of 4, new
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species present in the next 0.7 x 2 m sub-plotbam@ance of 3, new species in the
next 2 x 2 m sub-plot an abundance of 2, and tie 8 x 4m sub-plot an abundance
of 1 (Figure 3-2). This method, involving unrepebseoring of species presence, has
been demonstrated to provide the best return (tabessure of species density) for
effort (no more time than presence-absence scdresgby allowing for a relatively
large quadrat size (Morrisogt al. 1995). Voucher specimens of have been lodged at

the Queensland Herbarium. Nomenclature follows @dsand Holland (2007).

Herbaceous biomass was collected from a bulked Isaafgen, 30 x 30 cm frames
positioned between the floristic plots. Ten soihgtes were collected and bulked for
each treatment. Particle size distributions werterdé@ned using laser diffraction
(Mastersizer 2000, Malvern Instruments Ltd), which a cost-effective and
reproducible technique (Arriagat al. 2006), although relative to the traditional
hydrometer and pipette methods there is tendencyrtderestimate clay and
overestimate silt particles (Piegt al. 2006; Eshel and Levy 2007). The soil sample
was sieved (2 mm) and dispersed in a solution®gA. sodium hexametaphosphate
for 24 hours. Just prior to measurement, samples s@nicated for one minute at 10
um tip displacement to break up remaining aggreggiadicles. Absorption was
maintained between 15-20% during particle size mmesmsent. The output of
continuous patrticle size distribution was segmeatedlay (particles <0.002 mm), silt
(0.002-0.02 mm), fine sand (0.02-0.2 mm) and cosasel (0.2-2 mm).

The data were ordinated using non-metric multidisn@mal scaling using the default
settings in DECODA (Minchin 1991). Exploratory aysb revealed site 2 as an
extreme outlier and for presentation this site eduded in a final two-dimensional
solution with a stress factor of 0.16. Significdifferences in plant composition were
compared between treatments at individual sitasgusie ANOSIM procedure within

the PRIMER software. Species contributing to thaifferences were identified using
the SIMPER procedure.

Statistical models were developed to assess tleetefbf grazing treatment on total
species richness and the abundance and specieesglof the various life form
groups (annual herbs, perennial herbs, annualegassd perennial grasses). Woody

species were present only at site 2 (an dpecalyptus coolabakwoodland) and in
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one plot at site 5SHakea leucopterga and were not considered in the analysis. The
abundance response was taken as the cumulativelaimenscores for each group at
each plot. Most of the response variables wereeeitipproximately normally
distributed or could be normalised via square-toarisformation, permitting the use
of linear models. Given the nested spatial strigctfrthe sampling design (Fig. 3-2),
mixed-effects models were adopted for all respan¥¢s included the following
random effects (grouping variables) in all modé€ls: site, (2) fenceline within site
and (3) plot within fenceline within site. Thus,thé lowest level of each model there
were ten plots arranged linearly. While mixed-effeenodels are effective at
partitioning variance between grouping variablessirch nested situations, it is
important to assess the independence residuale dowest level (plot in this case)
during statistical inference. To do this, modelgevitted with treatment as a fixed
effect along with the above-mentioned random e$fe@mpirical autocorrelation
functions (Boxet al. 1994) of within-plot residuals were then plottedinvestigate
spatial dependence. For most responses, there wadifference between these
models. The nime R package (Pineiro and Bates 20@#4) used to fit all linear
mixed-effects models (LMMs). Once an adequate mettatture was developed for

a given response, the fixed effect (treatment) asss

ssed using F-tests, and the mean

and confidence intervals for each species grouppdayment were calculated.

The history of botanical collections in the areaedafrom the 1880s, less than ten
years after the first cattle stations were takeralgmg the Strzelecki Track (Tolcher
1986), and has continued steadily to the present@iae to an absence of ungrazed
reference sites to inform pre-settlement compasitibthe dunefields and floodplains
of north-eastern South Australia, a systematiccéearas conducted to identify plant
species that may have exhibited declines as atrekgrazing. A list of all species
known to occur in these two habitats in north-eas&outh Australia (defined as that
area east of the Diamantina/Warburton and nortithef Queensland-New South
Wales border, Fig. 3-1) was compiled from South thalgn herbarium records,
available online through the Electronic Flora of uBo Australia

(www.flora.sa.gov.au The distribution and abundance of 420 nativecigse(235 of

which occurred in dunefields and 252 on floodplaimgmerous species have been
recorded from both habitats) were assessed astjadiiethreatened using the criteria:

(@) identified as highly palatable or showing a liéag trend in the published
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literature (b) known from <20 populations acrossrange, or (c) fewer than three
collections in the study area in the past 20 yeknese ‘candidate species’ were then
subject to further scrutiny using specimen notadine herbaria, and expert and
personal knowledge, and classified as either (ajknfrom more than 20 populations
in dunefields, floodplains or other habitats subjéo commercial rangeland
pastoralism, with a total population size of >1@D @nd with no evidence of decline
or lack of regeneration, or (b) not (a), and therefrare and potentially threatened or
declining under grazing (Fenshamnal.2011b).

RESULTS

Soils at all sites were dominated by fine sandigag. Situated on a floodplain, site 2
had the highest clay and silt content and the lbwearse sand content. Site 1 was
characterised by higher clay content than the dffmere dune sites (Table 3-2). All
sand dune sites except site 1 were slightly moidicathan site 2. Herbaceous
biomass was very low across all sites and treasnemd was higher in ungrazed
treatments at only two out of the five sites (TaBi8). The high biomass figure for
the ungrazed treatment at site 1 was skewed bwenehigh-yielding quadrat, and

this difference was not obvious across the site.

Table 3-2. Mean soil values and standard errors fosites(replicates represented by
the two treatments)

1 2 3 4 5
Clay 9.56(0.55) 13.47(0.50) 6.72(0.52)  5.49(0.38) .93@0.38)
Silt 26.27(2.15)  36.30(2.31) 26.51(1.37) 21.12(2.29 24.73(1.08)

Fine sand 39.67(2.14)  42.94(2.55) 55.86(0.68) §6.08)  45.84(1.04)
Coarse sand 24.50(4.83)  7.30(0.27)  10.92(1.21) 5(7.80)  22.50(2.50)
pH 7.36(0.08) 7.33(0.15)  6.88(0.02)  6.87(0.07) QOIR)
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Table 3-3. Mean herbaceous biomass (t.Hby site and treatment determined from
ten bulked 0.0025 rfi samples.

Site Ungrazed Grazed
1 141 0.39
2 0.85 0.35
3 0.26 0.39
4 0.37 0.75
5 0.52 0.93

An ordination diagram prepared after deleting Jiteevealed differences between
sites but no consistent trend in floristic dissantly between the grazed and ungrazed
treatments (Figure 3-4). All dunefields sites wel@minated by annual grasses,
especially Enneapogon avenaceus, Enneapogon polyphyllus, Datdgpium
radulansandTripogon loliiformis which were abundant in nearly all quadrats across
the four sites (Appendix 3-1Aristida contortawas abundant at sites 1, 4 and 5.
Annual herbs were richer and more abundant thaenp&l herbs at all dunefields
sites except site 3, where perennial chenopods sscBclerolaena lanicuspis
Sclerolaena parallelicuspiand Maireana coronatawere common. Site 1 had the
highest species richness of all sites, primarilynposed of annual herbs. Annual
herbs were dominant at site 2 (Appendix 3-1), caseplr of typical floodplain species
such asBulbine semibarbata, Calotis hispidula, Nicotianalutina and Trigonella

suavassissima.

There were significant differences in individualesigs composition between the
ungrazed and grazed treatments at sitd®-40001) and site 4PE0.048), but no
significant differences between treatments at tlieero sites P>0.05). Species
providing the greatest contribution to the differes between treatments at sites 1 and
4 are identified in Table 3-4. Only one speci@grtulaca oleracea showed a

difference at more than one site and it did ngbldisa consistent trend with grazing.
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Table 3-4. Frequency and average abundance (in briaets) for five species providing
the greatest contribution to differences between gzing treatments at sites with

significant differences (site 1 and site 4). NotRortulaca oleracea contributed at both

sites.
Site 1 Site 2 Site 3 Site 4 Site 5
Life
Species form G uG G uG G uG G uG G uG
10 8 2 8 7 9 9
Avristida contorta AG (2.3) (1.6) - - - 0.3) (7)) (2.8 (3.3) (3.3)
Dactyloctenium 10 10 7 3 9 9 7 9 7 8
radulans AG (34 @0 (14 @10 (B33 (B4 (26 (22 (2.2) (2.1)
10 7 4 4 7 2 4
Eragrostis dielsii AG (2.8) (1.5 (120 (1.2 - - (1.5) (0.5 - 1.1)
8 9 4 2 10 10 8 8
Fimbristylis dichotoma PH (1.8) (2.8) - (0.6) (0.4) (3.9 (4.0 (2.8) (2.8)
8 5 1 1 7 7
Ipomoea polymorpha  AH 27 1.2 (0.3) - 0.2) - 2.3) (2.2)
Lepidium 4 5 6 7 10 7 9
phlebopetalum AH 0.7y (1.1 - - (0.9) - (22) (3.4 (2.0) 2.9)
6 10 10 9 5 2 1 1
Portulaca oleracea AH - 20) @B6) B7 (29 @2 (0.8 (0.3) (0.2)
8 11 1 2 4 2 1
Sida fibulifera PH 1.7) (3.5) - (0.1) (0.6) (0.7) (0.6) 0.2) -
10 8 2 3 1 10 8
Tribulus eichlerianus AH (4.0) (19 (0.3) (1.0 0.2) (3.6) (2.6)

There were no significant differences in richnesd abundance of life form groups
(annual herbs, perennial herbs or annual grassesfotal species richness and

abundance between grazed and ungrazed treatmembée (B-5). A perennial grass

(Astrebla pectinata) was present only at one deltegite (3) in two plots, while the

only other perennial grasEragrostis setifoliaoccurred in five plots at the floodplain

site (2). The low incidence of perennial grasseslpded further analysis.

Table 3-5. Mean and 5% confidence intervals for sgges groups, grazed vs ungrazed

Grazed Ungrazed P-value
Annual grass richness 5.77 (4.56-7.11) 6.00 (4.38)7 0.694
Annual herb richness 5.41 (3.69-7.46) 4.91 (3.39p. 0.290
Perennial herb richness 3.41 (2.66-4.25) 3.70 (2.971) 0.356
Total richness 14.96 (12.34-17.84) 14.84 (12.274Q). 0.933
Annual grass abundance 17.20 (12.03-23.30) 178538123.84) 0.815
Annual herb abundance 13.60 (9.72-18.13) 12.62{8/P03) 0.484
Perennial herb abundance 8.48 (6.39-10.86) 9.60(12.17) 0.296
Total abundance 40.78 (34.17-47.96) 41.17 (34.58)48 0.923
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At a regional scale, few species showed evidenslo$tantial decline associated with
grazing. Of the 420 species assessed, 239 are coranabwidespread in the dunefields
and/or floodplains of north-eastern South Austrahdiile a further 170 are rare or
restricted in the study area but common elsewherangelands subject to commercial
pastoralism. Seven species (1.9% of the known)fldoanot appear to be common and
widespread based on the collection record and expanion, and were thus identified
as being potentially threatened by grazing: thauahforbsRoepera humillimaGilesia
biniflora, Calandrinia stagnensisand Stylidium desertorumthe lily Corynotheca
micranthg perennial forbSwainsona viridisand shrubPimelea penicillaris The two
latter species have been recorded from both fl@mphnd dune habitats, while the
remainder are dunefield species. All other spea@es known to have healthy
populations numbering >100 000 plants (at leastdme seasons) in areas subject to

commercial pastoralism.

DISCUSSION

There were no significant differences in richnesaloundance of the lifeform groups
between treatments after 14 years of grazing exeiughere were also no consistent
trends in the abundance or frequency of individymcies between treatments. Annual
life forms greatly exceeded perennials in bothmeds and abundance in all quadrats
across all sites, and two species common at alkefiklds sites,Tripogon lolliiformis
and Fimbristylis dichotomahave perennial rootstock but ephemeral stemsleacks
which sprout rapidly in response to rainfall.

Annual species only establish after rainfall angidly replenish their seedbank
(O'Connor and Roux 1995; Sullivan and Rohde 2008 .sampled in May 2010, about
100 days since the last substantial rainfall evantg all plants were flowering and
seeding. Our calculations based on average stockites (Table 3-1) and livestock
consumption (estimated at 11 kg per day, per bedsth accounts for trampling as
well as consumption, R. Silcock, pers. comm., 2&Lggest that cattle could consume
less than 2% of dry matter yield (averaged at M&'t Table 3-3) across Innamincka’s
dunefields in the period between germination aretlis®y during an exceptionally wet
year. Following a wet period, stocking rates wi#é mcreased, but even using the

maximum stocking rates over the past ten years|¢Takl), cattle would consume
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between 5 and 6% of biomass in this 100-day petiodn average season, when yield
is estimated at about 0.25 th@s. Campbell, pers. comm., 2011), stock could oores
about 5% of available forage. This is somewhat §8tip, given the patchy distribution
of grazing across the landscape and the tendencgtté to focus grazing in certain
areas (Pringle and Landsberg 2004). Nevertheles®rves to illustrate that with the
current stock densities at Innamincka, cattle coneswonly a tiny fraction of plant
biomass in the period between germination and pldepositing seed. These plants are
able to complete their lifecycles before foddergrazed to the extent that there is

selective pressure on palatable species (Fenshah?2010a).

Even on the productive floodplain, where grazingsgure could be expected to be
highest after flooding, there were no significarftedences detected between grazed
and ungrazed plots. Species regarded as highlytapéga such asTrigonella
suavassissimaand Tetragonia moorei(Cunninghamet al. 1992) did not differ
significantly in abundance between treatments; lgimg slightly more abundant in
grazed plots (Appendix 3-3). Like the dunefieldss floodplain flora is dominated by
annuals, and is extremely productive after floodamgl mostly devoid of groundcover
during dry times (Capon and Brock 2006; Colloff @mldwin 2010). Moreover, plants
are able to set seed while these areas are stithlpainundated and thus inaccessible to
cattle (Phelp®t al.2007).

Our results suggest that the non-equilibrium paradis an effective description of
vegetation dynamics of the dunefields and floodigaf north-eastern South Australia
under current livestock grazing regimes. The ‘mesit non-equilibrium’ model of
Swift and Ellis (1988) seems most applicable, whienge fluctuations in forage
associated with low and erratic rainfall preventbinere populations from tracking
forage availability, therefore minimising negatifeeedbacks between grazing intensity

and vegetation dynamics.

However, it is possible that grazing-sensitive sggediad been lost from the system
prior to the Innamincka exclosures being erectentj did not re-establish with
protection from grazing (Valonet al. 2002; Seymouet al. 2010). If the system had
passed into a degraded state prior to the estaidishof the exclosures, this could

account for the negligible differences betweentinemts. At a regional scale, there are
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few species in the study area that show evidenca stibstantial grazing-induced
decline. Just seven species out of 420 recorddleise habitats do not appear to be
common, widespread and regenerating at least soerevithinland Australia subject to
commercial pastoralism. Although examination of apnistic collections cannot give
insights into losses of diversity at small scakb® record does not suggest a major
decline in species diversity, which would be expdctvith a broadscale shift to a
degraded state (Fenshash al. 2011b). The abundance of some perennial species is
limited by rainfall rather than grazing. Mitcheliags Astrebla pectinatpoccurred in

low density at one site and exhibited no pattermeiiation to grazing protection. It
exhibits mass recruitment when summer rainfall e’dseabout 400 mm (Williams and

Mackey1983; Orr 1991), and such events are almestrriikely to occur at Innamincka.

If the selective influence of grazing is affectimgdividual species or groups on
Innamincka, it is most likely to be in more produetareas, such as floodplains and
inter-dune swamps (Purdie 1984). The uneven digtab of grazing pressure means
that both equilibrium and non-equilibrium dynamican occur in plant-herbivore
interactions. In particular, free-roaming herbiv®reay remain in equilibrium with ‘key
resource areas’, even though they are not in éguith with the broad landscape
matrix. These areas can delay animal mortalityrdudrought, and are more vulnerable
to degradation through long-term overgrazing (fland O'Connor 1999). As discussed,
the ‘boom-bust’ nature of the floodplain flora effigely precludes the development of
equilibrium dynamics and confers resilience to grgzOn the other hand, swamps and
swales dominated by palatable perennial specieh sagc Queensland bluebush
(Chenopodium auricomumand old man saltbustfriplex nummulariq can support
cattle for extended periods, and these perennialssuffer long-term decline. Perennial
shrubs have been shown to be adversely affectegtdming in other areas of Central
Australia, particularly during dry periods (Barkand Lange 1969; Dawson and Ellis
1994; Friedelet al. 2003; Read 2004). In particulaktriplex nummulariais known to
decline in grazed areas, and population modelliggssts that, in the long-term, it
could become locally extinct up to 2 km from watkre to decreased survival and
recruitment (Hunt 2001; 2010). Further data areiiredg on the effect of grazing on the
productive areas of the landscape dominated bytgidéaperennials. Surveys are also
required to determine the vulnerability of the dnmaimber of species identified as rare

and potentially threatened by grazing in the dwiéé and floodplains.
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The resilience of non-equilibrium environments @rajes traditional understanding
and management of rangelands (lllius and O'ConA6©:1Sullivan and Rohde 2002).
The lack of significant differences in species meks and abundance and herbage
biomass after 14 years of grazing exclusion suppbis hypothesis for the dunefields
of inland Australia dominated by an ephemeral fl&@ath the Simpson Desert and the
Innamincka dunefield are arid (less than 200 mmmeanual rainfall), although the
former has had few rabbits, and has only been exptmssdomestic livestock grazing for
a short period. Thus there is little evidence difstantial livestock grazing effects where
short exposure to grazing (30 years) can be cordpaité almost no grazing (Fensham
et al. 2010a), and where short-term grazing protectionygats) can be compared with
long-term grazing (130 years) in an environment ties been subject to both rabbits
and livestock grazing. The available evidence issdent with landscapes that have
not been substantially altered by grazing. Theselt® corroborate international studies
which have found little change in annual plant camities as a result of grazing,
including in Mongolian shrub steppes (Fernandez&siez and Allen-Diaz 1999) and
the Chihuahuan Desert (Nashal.1999).

Our results suggest that the north-eastern Southktrdlian rangelands are self-
regulating, annual-driven systems, where stock lmarsupported following rain but
must be moved off as the forage disintegrates yntidnes. If this does not occur the
grazing animals will rapidly lose condition and euteally starve. Many studies suggest
that the sustainability of non-equilibrium rangealanis dependent upon drought
periodically decreasing livestock numbers (Ellisl @wift 1988; Obaet al.2000; Vetter
2005). In an Australian context, this emphasisesitiportance of mobility over large
spatial scales and flexible stocking rates. Lamg@manies own much of the land in the
north-eastern South Australia and south-westerre@land, meaning that cattle can be
shifted from drought affected properties beforeytiperish in the face of declining
forage. While recent studies (Fenshan al. 2010a; Fenshanet al. 2011b) have
indicated that some widespread ecosystems may be masilient to livestock grazing
than previously thought (Friedel 1997; Read 199%:del et al. 2003; Landsberegt al.
2003), there is a requirement for more researatietotify potentially sensitive elements
of the vegetation in the Australian arid lands.
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CHAPTER 4.

ASSESSING RARITY AND THREAT IN AN ARID ZONE FLORA

INTRODUCTION

Understanding the link between rarity and extinctisk is fundamental to conservation
biology. Biological rarity is simply defined as tktate of having low abundance and/or
small range size (Preston 1948; Kunin and Gast@3)1However, rarity is a relative
and scale-dependent concept, and there have beerrows attempts to elucidate
different forms of rarity (Reveal 1981; Fielder aAtlouse 1992; Gaston 1994). The
most influential of these remains the Rabinowitanfework, which expresses plant
rarity as a combination of three attributes: gepli@a distribution, habitat specificity
and local population size (Rabinowitz 1981; Rabiitpwet al. 1986). Although these
traits are really continuous variables, when eatithbate is dichotomised, eight
combinations emerge. All except one (wide geog@pdmge, broad habitat specificity,

large population size) can potentially contain isgpecies.

While rarity can predispose species to externaatsrand stochastic events (Coates and
Dixon 2007; Flather and Sieg 2007), some speciesrare without being threatened
(Morse 1996). Formal assessment of a species’ paaigen status integrates the
concepts of rarity and endangerment by considebogh inherent demographic
characteristics and perceived level of threat adexnce of population decline (Butchart
2003; Williams 2006). The legal status assignegpecies is published in threatened
species lists, which underpin conservation planmng prioritisation (Mcintyre 1992;
Josephet al. 2007). Despite their centrality to conservatiorogf, the limitations and
biases of threatened species listing processeswalle recognised (Blackburn and
Gaston 1997). In particular, there are concernsdhaent lists remain biased towards
naturally restricted species at the expense ofivelg widespread species that may be
at greater risk from current threats (Mcintyre 1,98drgman 2002).

Numerous studies have examined patterns of ranitithreat in regional floras (Hall

1987; Mcintyre 1992; Mokany and Adam 2000; Broersmmet al. 2003; Loranzoet
al. 2003; Landsberg and Clarkson 2004; Zhang and M&)2@acluding in semi-arid
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and arid areas (Parsons and Browne 1982; BoRond.iagéke 1995; Hernandez and
Barcena 1996; Khaet al. 2003; Stohlgreret al. 2005; Singhet al. 2007). However,
there has been no detailed examination of how theseepts play out in the desert
biomes of the world. Arid areas are characterisgdyénerally low collection effort
spread over vast expanses, temporal variabilityilkddfined threats, all of which must

be considered in any assessment of rarity andtthrea

Existing frameworks and classifications tend tosider rarity as a spatial phenomenon,
and generally do not address temporal componentsardly (Harper 1981). While
temporal rarity occurs in all floras to some exténis likely to be especially prevalent
in arid zone vegetation which is driven by episoaic unpredictable rainfall events,
interspersed with long dry periods (Noy-Meir 19%8rton et al. 2011). To cope with
this variability, many annual plants and geophytage the ability to remain dormant in
the soil, completing their life cycles rapidly iesponse to favourable conditions (Jurado
and Westoby 1992; Bell 1999; Holgrezh al. 2006). Species that are absent or rare in
the standing vegetation for much of the time magobge common in certain seasons
(Capon and Brock 2006; Porter al. 2007). For these species, conditions conducive to
germination may involve complex cues and occueuiently (Maconochie 1982; Ogle
and Reynolds 2004; Wet al.2009). It is also possible that some species aecaged
with particular post-disturbance successional stadellowing fire, extended dry
periods or anthropogenic disturbance (Mureayl. 1999; Kirkpatrick 2007). Thus the
apparent rarity of some short-lived species mayabeartefact of their life history

strategy, rather than limited range or abundance.

Detecting genuine rarity in the arid zone is furtbenfounded by the low intensity of
botanical collections, particularly for smaller dieds conspicuous plants in inaccessible
or remote areas (Hall 1987; Pearce and BytebieR2@br temporally rare species in
relatively unvisited areas, the chance of a cadlesttvisit coinciding with a ‘boom’
event for that particular species is very low. Hpan contrast to highly modified
landscapes, where threats such as habitat destruatieed invasion, dieback and
salinity are obvious and often severe (Woolley Kirélpatrick 1999; Hobbst al.2003;
Burgmanet al. 2007; Sheareet al. 2007), the threats to rare plants in arid aread ten
be diffuse, subtle and poorly understood (New Sd\tthes National Parks and Wildlife

Service 2000; Woinarski and Fisher 2003). For examnthe intensification of livestock
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grazing with an extensive network of artificial wed in the Australian arid-zone has
been proposed as a potentially threatening prqdessest al. 1999). However, a more
recent review of studies searching for species éxaibit a strong association with
water-remote habitat indicated that the findings iaconclusive and failed to identify

threatened plant species associated with thestatmfffrensham and Fairfax 2008).

This study aims to provide a framework for systecadiy reviewing rarity and threat in
the flora of a remote semi-arid and arid regione $tatus of all species occurring in the
study area was assessed, and a list of rare amhtiadlly threatened species was
developed by combining the existing threatenedispeegister with currently unlisted
species identified as being potentially rare anckdtened (hereafter referred to as
‘candidate species’). The composition of these tists was examined for potential
patterns and biases in rarity forms, life form, itetband geographic distribution
through comparison with the entire flora. Threatgniprocesses were scored for
currently listed species and groups of speciesdkhaibited similar ‘threats syndromes’
(Burgmanet al. 2007) were identified. The patterns of rarity ahdeat, as well as
inconsistencies and knowledge gaps, will be usegrbavide recommendations for
future research into plant conservation in aridezont will also underpin a survey
program to identify the most threatened speciethenstudy area and the management
actions that are required to ensure their persisten

METHODS

Study area

The Mulga Lands, Mitchell Grass Downs and Channelr@y (here considered to
include the Simpson-Strzelecki Dunefields) biogepgic regions (Thackway and
Cresswell 1995) in Queensland form the target of $iudy (Figure 4-1). The Mulga
Lands contain the most extensive tracts of mulgaa¢ia aneury shrubland in
Queensland (Dawson and Ahern 1973). The channeldlaodplains of the Channel
Country are interspersed with a matrix of stonyindaopen downs, shrublands, and
linear dunefields of the Simpson and Strzeleckidbssin the far south-west (Wils@t

al. 1990). The Mitchell Grass Downs are characterisgdopen clay soil plains

dominated byAstreblaspecies (Turneet al. 1993).All three bioregions are intersected
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by low sandstone ranges. The climate ranges fromi-aed to arid, with rainfall
characterised by high variability, and average &sldecreasing on an approximately
south-west gradient from just over 500 mm along #astern and north-eastern
boundary to 120 mm in the Simpson Desert. Summerpeeatures are hot with
maximum temperatures throughout December-Februaeyaging 35°C, while short
winters are characterised by cold nights ofteninglibelow zero and warm days
averaging 20°C. The majority of the study areased for extensive cattle and, in the
eastern portion, sheep grazing, with relatively Ifrm@as occupied by mining leases

and conservation reserves.
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Figure 4-1. Western Queensland study area, showirlgjoregions, major towns, places
referred to in text and populations of listed spe@s. Only one record from each
population is included. Records separated from anber occurrence by more than
10km and/or a patch of unsuitable habitat are conslered separate populations.

The methodology for examining rarity and threattie study area involved four
components: (i) develop a database of rare andhpallg threatened species, using the
existing threatened species register plus a sysietnawl through the flora to identify
extra species for a candidate list (ii) assignspkcies occurring in the study area to a
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form of rarity after Rabinowitz (iii) assess therrant and candidate lists by life form,
habitat and threats (current list only) (iv) idépfliorms of rarity and life forms that may

have been overlooked in the listing process.

Developing candidate list of ‘rare’ species

Forty-four plant species are currently listed asalN&hreatened (formerly Rare),
Vulnerable or Endangered under QueenslaNdisire Conservation Act (NCA) 1982
the area defined above as western Queensland (Depdr of Environment and
Resource Management 2010). Any person can nomanafgecies for listing, and the
threat status of a nominated species is assessed Ipecies Technical Committee
against IUCN Red List criteria, based on populaparameters, evidence of decline and
the magnitude of current threats (IUCN 2001). Mggécies listed as Vulnerable or
Endangered in Queensland are also recognised uhdemational Environmental
Protection and Biodiversity Conservation Act (EPER0D1

In recognition of the limitations and biases of theeatened species listing process,
including the fact that genuinely rare species ganundetected (Mcintyre 1992,
Landsberg and Clarkson 2007), a thorough exammatithe western Queensland flora
(here called the ‘trawl’) was undertaken to detgutecognised but potentially rare and
threatened species. A list of all species occuriinthe study area was generated using
the Queensland Herbarium’s electronic flora baseppimg program, BriMapper
(Bostock 2010). This list was pruned by removingraloduced species and erroneous
records, leaving a total of 1781 species (includimgnerous undescribed taxa). Each
species was assigned to one of 10 categories (Té&ldg based on published
information, Queensland herbarium records, onliagb&ria, and expert and personal
knowledge. Assessments were based on the totatapgug range of a species. Plants
categorised as 1-3 are widespread and common isttliy area; categories 4-6 are
uncommon or restricted in the study area but comsisewhere. Rarity alone is not a
sufficient predictor of extinction risk (Gaston ¥)9hence those species assigned to
category 7 are restricted in range or habitatabeitnot considered by relevant experts to
meet IUCN Red List criteria.
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Table 4-1. Categories assigned in the trawl for wesrn Queensland flora
Category Geographic distribution and threat status

1 Widespread and common in study area and elsewharel outside the arid
zone
Widespread and common in study area and elsewhar&l zone only
Widespread and common in study area but not akse(western Queensland
endemic)

4 Uncommon or restricted in study area, but moraroon to east or north
(primarily tropical species)
Uncommon or restricted in study area, but moraraon in southern Australia
Uncommon or restricted in study area, but moramon in arid zone of other
Australian states
Restricted range or habitat, but abundant withisrange and no known threats
Currently listed species (Endangered, Vulnerablear Threatened)
Potentially threatened (‘candidate species’ fos study); includes currently
undescribed species that are considered distixatidia relevant experts

10 Unnamed/undescribed collections; taxonomy resnamntcertain

Species were deemed to be potentially rare (cage@joif they met one or more of the
following criteria: (a) known from <10 populatioms very restricted range or habitat,
(b) not collected in study area in the past 20 ye@) some records in study area likely
to be a new or undescribed species that is resdrior rare, and/or (d) apparent
declining population trend, or suspected thregplémt or habitat. Category 9 species
were checked with relevant experts, mostly curatamm the Queensland Herbarium
responsible for individual plant families and bosas from Herbaria in other states, and
a decision was made to either retain the specigoi@ntially threatened or place it in
another category (e.g. restricted but no causedocern). In the absence of knowledge
of potential threats, and where a species was knénom few collections, a
precautionary approach was taken, and the spe@esetained as category 9 pending
further surveys or information. The taxonomy of Sdecies was considered to be
uncertain after discussions with relevant expéhisse were assigned a category 10 and

excluded from further analysis.
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Forms of rarity

The 1747 taxonomically certain species occurringhm study area were classified as
displaying a form of rarity, based on the threédraf Rabinowitzet al. (1986) (Table
4-2). Geographic distribution was assessed usingefsland Herbarium records,
Australian Virtual Herbarium, online herbaria ohet states (New South Wales and
Western Australia) and distribution maps in taxomortreatments (e.g. Flora of
Australia). Habitat specificity and local populaticsize were assessed based on
information contained in herbarium specimen labdlsld guides (Allen 1949;
Cunninghamet al. 1992; Milson 2000a and b; Jessup 1981) and elactr@sources
(Maslin 2001; Sharp and Simon 2002), taxonomictineats, and personal and expert
knowledge. The representation of the different fwhrarity on the current register of

threatened flora and the candidate list were coatpaith the overall flora.

Table 4-2. Forms of rarity after Rabinowitz (1981),defined here for application of the
flora of western QueenslandWide, occurs across an area >10 000 KiNarrow,

restricted to an area <10 000 krfy Broad, occurs across numerous habitat types;
Restricted, Confined to one broad habitat type; Somwhere large, common or abundant in
at least some situations; Everywhere small, alwaysparse or occasional where it occurs.

Geographic distribution Wide Narrow
Habitat specificity Broad Restricted Broad Restricted
Local population somewhere large
Common R1 R4 R5
Local population everywhere small
R2 R3 R6 R7

Data collation and analysis for listed and candidad species

Available information on the 44 currently listedespes and 62 candidate species was
collated, and they were analysed using Chi-squests tfor life form (Mcintyre 1992)
and habitat, and qualitatively using ArcGIS softevéor geographic distribution. Broad
habitat types were defined through merging landesys in Western Arid Region Land
Use Study mapping (Division of Land Utilisation #971.978 & 1979; Millset al. 1990;
Wilson et al. 1990; Turneeet al. 1993) (Table 4-3). Where species were common across
more than one habitat type, broad preference veasifled as variable. Species records
were checked for spatial accuracy and entered antArcMap9.3 database. Threats
were only analysed for currently listed speciesthaslimited information available on

most candidate species precluded any meaningfessisent.
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Table 4-3. Broad habitat types, western Queensland

Habitat Type Description

Acacia woodland Open woodland on light clay or lgasuils, often with surface
pebbles, includind\cacia cambagei, A. georginae, A. tephraraA.
harpophylla

Springs wetlands Great Artesian Basin spring we#an

Scald habitats Includes groundwater scalds neaat@mesian Basin springs, as
well as bare scalds on saline-sodic or gypseols soi

Downs Treeless plains on cracking clay soils; idekiopen grasslands
(mostly dominated byAstreblaspecies) and ephemeral herbfields

Dunefields Aeolian sand dunes, including lineardsagges of the Simpson and
Strzelecki Deserts and stabilised, degraded dudsfa# the southern
Mulga Lands

Other wetlands Landforms, excluding spring wetlarlgist are regularly or
sporadically inundated including floodplains, clagg, gilgais and
waterholes

Limestone Limestone geology of the Georgina Limestfmrmation in the north-
west of the study area, including limestone grasisand outcrops

Residuals Tertiary sandstone ranges (encompas&sgayslopes, plateaux,
toeslopes), and low hills and gibber plains of @mnnel Country

Sandy red earth Sandy and sandy-loam red soileiMulga Lands, supporting

Acacia aneurar mixedEucalyptus/Acaciavoodlands or shrublands,
sometimes with an understorey of spiniféxiddia spp.)

Threatening processes fall into two broad categofitrinsic threats originate from
outside the organism and are often anthropogerigewntrinsic threats result from the
unique biology of a species, which can make it spsble to external pressures (Given
1994). Relevant threats to each species were fahthrough published information,
expert interviews and personal observations. Sgofor demographic factors was
modified from Williams (2006) and Burgmaat al. (2007) (Table 4-4). A population
was considered ‘extant’ if there is a herbariunordanithin the past 10 years, or if it is
known by the author or others. Range size encoragassly currently known
populations. Anthropogenic threats were split iotoserved (based on recent field
observations by the authors or others, score 2)saisgected (based on anecdotal or
published information, score 1) (Table 4-4). Speewere assigned to one of five threat
syndromes based on biogeography and threateningegses: shrubs from residual
habitats, aquatic forbs from springs, long-livedes and shrubs restricted to a few
populations, short-lived species with sporadic geation, and widespread but sparse

species known from few collections.
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Table 4-4. Threatening processes for listed planta western Queensland (modified
from Williams 2006 and Burgmanet al. 2007)

Threatening Process Explanation/Definition

Demographic factors Score=1 Score =2

Few extant populations 6-15 populations <6 poporeti

Small range 100-1000Km <100knf

Narrow habitat Known from two habitat types (see Known from only one habitat type
Table 4-3)

Lack of current recruitment Lack of recruitment rtiemed Demonstrated lack of recruitment
anecdotally, but no recent field (either seedling or vegetative)
observations based on recent field observations

Anthropogenic factors Suspected (=1) Observed (=2)

Herbivore impacts (includes Palatable species in a habitat grazed,Demonstrated threat from grazing,

grazing, browsing and/or browsed or trampled by domestic,  browsing or trampling, based on

trampling by domestic, feral or feral and/or native herbivores; threat field observations; i.e. plants
native animals) suspected but not supported by field preferentially grazed
observations

Changed fire regimes (extent, Suspected or anecdotal threat to planFire kills plant and does not initiate

intensity or frequency) or habitat from changed fire regimes, germination
but not backed up by field
observations

Groundwater extraction n/a Diminished aquifer puessiue to

groundwater extraction, leading to
loss of springs habitat (see Fairfax
and Fensham 2002)
Excavation Suspected or possible future threat t®bserved threat to plant from
habitat or plant from excavation excavation (includes excavation of
(includes excavation of springs and springs and mining activities)
mining activities)

Weeds/competition Suspected threat to plant ortéiabi  Observed threat to plant from
from invasive species invasive species

RESULTS

Flora trawl

Most of the 1781 species are common and widespretite study area and elsewhere
(categories 1 and 2, 36%) or uncommon in the stda but more common and
widespread elsewhere in Australia (4-6, 50%) (Tabi. Only 22 species (1% of the
total flora) are mostly confined to western Queandl Around 5% of species are
restricted in range and/or habitat without meetid@N Red List criteria (category 7).

The 44 currently-listed species represent 2% ofsbstern Queensland flora. The trawl
identified a further 62 candidate species that @otentially threatened and warrant

further investigation (Appendix 4-1).
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Table 4-5. Trawl categories in western Queenslandofa (defined in Table 4-1)

Trawl Number of % of species Cumulative totals
category species
(Total)
1 391 22 Common in study area and elsewhere 36%
2 249 14
3 22 1 Restricted to western Queensland 1%
4 527 30 Uncommon in study area but common  50%
5 167 9 elsewhere
6 187 11
7 97 5 Restricted distribution 5%
8 44 2 Currently listed or potentially threatened 6%
9 62 4 (candidate species)
10 34 2 Taxonomic uncertainty 2%
TOTAL 1781 100 100%

Forms of rarity

Over half of western Queensland species (912, 5&%)classified as ‘common’ (C)
under the Rabinowitz framework (Table 4-6). Nonetledse are currently listed and
only Sauropus ramossissimugas identified as a candidate species, due tdawang
been collected in the study area in the past 20sy&@dmost 30% are confined to a
specific habitat but were widespread and abund&htrnthis habitat (R1). This form of
rarity accounts for 23% of listed species, inclgdirwvo listed as Endangered (the
spring-dependent specibriophyllum artesiunandEriocaulon carsoni. Widespread
but sparse species (R2 and R3) are uncommon irldre and just three of these
species are currently listed. However, a further vii€e identified as potentially
threatened in the trawl. Twenty-five of the 44 eumtty listed species (57%), and 26
candidate species (41%) have narrow geographiesaagd restricted habitat (R5), but
represent only 6% of the total flora. Narrow rarspecies with small populations (R6
and R7) represent the most uncommon forms of rarithe western Queensland flora
(together comprising 1.5% of the flora), but acdotor 12% of listed species. In
addition, nearly all unlisted species displayings ttorm of rarity were identified as
potentially threatened in the trawl.
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Table 4-6. Representation of forms of rarity in wetern Queensland flora, current list
and candidate list

Total flora Listed species Candidate species
Form of Number % of Number % of  Number % of
Rarity spp. total spp. listed spp. candidate
flora species species
C 912 52 0 0 1 15
R1 505 29 10 23 6 10
R2 97 6 1 2 5 8
R3 44 2.5 2 4.5 4 6
R4 56 3 1 2 3 5
R5 105 6 25 57 26 42
R6 7 0.5 2 4.5 3 5
R7 20 1 3 7 14 22.5
TOTAL 1746 100 44 100 62 100

Almost 90% of western Queensland species have veidges, but 65% of listed and
69% of candidate species are geographically réstri¢Table 4-7). Around 90% of
candidate species are habitat restricted, compardjust 39% of the overall flora.
Most western Queensland species occur in large atsmdpmewhere, with only 9%
classified as having populations ‘everywhere smalowever, 42% of candidate
species were classified as everywhere small, caedpiar just 16% of currently listed

species.

Table 4-7. Percentage of all, listed species andnchdate species assigned each rarity
parameter

Total flora  Listed species Candidate species

Geographic distribution

Narrow 11 65 69

Wide 89 35 31
Habitat

Restricted 39 93 88

Broad 61 7 12
Local population size

Everywhere small 9 16 42

Somewhere large 91 84 58
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Biogeographic analysis of listed and trawl species

Shrubs comprise 14% of the western Queensland dloda21% of listed species, while
aquatic forbs comprise just 2% of the flora butcactt for 11% of listed species (Table
4-8). Trees are also slightly over-representedtivelao their occurrence in the flora.
Grasses, perennial forbs and sedges are propdiyiamaler-represented in the current
list. The candidate list is dominated by forbs (49%citrawl list, 12 annuals and 21

perennials), while a further 20% of candidate speere grasses.

Table 4-8. Proportion of species of each life forralass(PF=perennial forb, AF=annual
forb, PG=perennial grass, AG=annual grass, Aq=aquéat forb; other includes ferns,
lilies, mistletoes and orchids; Chi-square = 33.9@ith d.f.=16, p<0.01)

Tree Shrub Vine PF AF PG AG Sedge Aq.F Other

Listed 11 21 2 23 25 5 0 2 11 0
species
Candidate 6 11 3 32 19 9 10 3 2 5
species
Regional 8 14 3 30 23 10 4 4 2 2
flora

Together, wetlands and residual habitats (Tablg 4€gount for 57% of all listed
species. Sixteen percent of listed species areiatesk to spring wetlands, despite
comprising just one percent of the flora, includsig of the nine Endangered species
(Table 4-9). Nine percent of the total flora and@ldaf listed species, including over half
of all vulnerable species, are restricted to redithabitats. Three listed species occur on
sandy red earths in the Mulga Lands, while fivel(iding two of the three Endangered
species that do not occur in spring-fed habit@denlandia spathulataand
Austrobryonia argillicold are restricted to cracking clay downs. Residuako al
accounted for almost one-third of candidate speledble 4-9).Acacia woodlands
(8%), limestone formations (5%) and sandy red sa(fti%) account for a higher
proportion of candidate than listed species. Spwejlands contain five candidate
species, mostly undescribed taxa, while a furtloer species occur on groundwater

scalds in the vicinity of springs.
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Table 4-9. Broad habitat preferences, western Quasland flora (Chi-square=318.5
with d.f.=18, p<0.001)

Total flora Listed species Candidate species
Habitat Number % of Number % of  Number % of
spp. total spp. listed spp. candidate
flora species species
Acacia woodlands 19 1 1 2 5 8
Springs wetlands 21 1 7 16 5 8
Scald habitats 25 1 2 5 4 6
Downs 101 6 5 11 7 11
Dunefields 43 3 0 0 0 0
Other wetlands 222 13 3 7 5 8
Limestone 9 1 1 2 3 5
Residuals 160 9 18 41 19 31
Sandy red earths 85 5 3 7 7 11
Variable 1062 61 4 9 7 11
TOTAL 1746 100 44 100 62 100

Of the three bioregions analysed, the Mulga Lama#tain the highest proportion of
threatened species (60% of all listed species isteme Queensland). The Mitchell
Grass Downs and Channel Country contain 54% and@fd¥ted species respectively.
Many species occur across two or three bioregidhs. exceptional concentration of
endemism in a single Great Artesian Basin sprimgspiex on the eastern edge of the
Mitchell Grass Downs (Pelican Creek springs, FigtiB includes eight listed and five
candidate species. Aside from this, the largestbarsof threatened species occur in a
band through the central-western Mulga Lands, Véthe clusters of records in Idalia
National Park (seven species, six from residualtaef) and in a triangle south-west of
Cunnamulla, where numerous habitat types includimgngs, ranges and floodplains

intersect (Figure 4-1).

All other regions are characterised by relativgharse records of listed species. The
highest concentration of threatened species inGhannel Country occurs in the
residual habitats of the Goneaway Tablelands seest-of Winton. The open plains of
the Channel Country and Mitchell Grass Downs, iditlg clay soil grasslands and

gibber plains, have low densities of listed anddodaie species. No listed species have
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been collected from most of the western quartethef region, which includes the
Simpson and Strzelecki dunefields in the south-veest the open grasslands of the
Barkly Tableland in the north (Figure 4-1). The gephic distribution of candidate
species is more even across the region, howevelasiolusters are evident from the
residuals of the Mulga Lands. The Barkly Tablelandthe far north-west (O listed
species) contains five candidate species. Howibker large regions with few listed
species have similarly low numbers of candidatecigge including the Simpson and
Strzelecki Dunefields, northern Mitchell Grass Dewand the sandy red earths of the

eastern Mulga Lands.

Threatening processes

Threats were considered only for listed species,tdua lack of information about most
trawl species. All bar one listed species can hasicered ‘threatened’ by virtue of
demographic factors (Table 4-4) while there is spsated external threat to 33 listed
species (75%). However, an external threat has bbserved for only twelve of these
species, including nine spring species. Thus deapdge factors form the basis for the
majority of species listings. Specifically, 17 sscare known from fewer than six
populations (score 2, Table 4-4), and a furthead®known from between six and 15
populations (score 1) (Figure 4-2). Most listednpdahave narrow habitat requirements,
however only spring species have a very restrigeraphic range (<100 K Long-
term lack of recruitment has been observed as aathto two speciesAacia
ammophila Mark Handley, pers.comm., August 2007 &mvillea kennedyanadNSW
National Parks and Wildlife Service 2000), but usected for a further six. This may
be an underestimate due to lack of knowledge ofifadijon structure and dynamics for

most species.

There was no demonstrable link between most suspdbtireatening processes and
decline of a species. Herbivore impact (includimgzing, browsing and tramping) is
the most common suspected threat to listed spatiegstern Queensland, with both
domestic and feral animals regarded as potentiahth to over half of listed species
(Figure 4-2). While feral animals has been obseag&d threat after surveys for eleven
species (pigs for the nine springs species, gaatsXérothamnella parvifoliaand

Rhaphidospora bonneyajjadomestic grazing is an observed threat to just listed
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species (sheep grazingcacia ammophila Macropod grazing pressure has potential to
affect around one-third of listed species, howevthreat has only been observed in two
cases (alsX. parvifolia and R. bonneyanaers.obs.). Published information suggests
that altered fire regimes may potentially threaten species (Environment Australia
and QPWS 1999). Groundwater extraction (histoygalexcavation and introduced
sown pasture species are observed threats toralgspependent species. Excavation

for gypsum mining is a suspected threat to oneispderemophila tetrapterp

Number of species
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Figure 4-2. Number of listed species threatened lmemographic and external threats
(see table 4-4 for definitions of threats and scarg system)

Examination of biogeographic traits and threatenprgcesses for listed species,
suggests five ‘threat syndromes’ for the westerneépsland flora (Table 4-10).

Residual and spring endemics account for almogtdfall species (syndromes 1 and
2), and are the best understood syndromes. Six-lieeg perennial species are
restricted to few populations, although often odagr across numerous habitat types
(threat syndrome 3). They possibly represent rgdmpulations of species that were
more widespread under past climates. As such,aheyulnerable to localised impacts,
for example elevated grazing pressure and a comsédack of recruitment. Threat

syndromes 4 and 5 are closely related, and numesmeses could be placed in either
category. Where rainfall records, collection paitteand expert knowledge indicated

some degree of temporal rarity or boom-bust pomralynamics, species were placed
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in syndrome 4. Species categorised to these tlygatromes are known from few

collections and specific threats are not well-ustierd.

Table 4-10. Summary of threat syndromes in the wesitn Queensland flora.Note the
sedgeEleocharis blakeana and daisyBrachyscome tesgorum could not be assigned, and
both are relatively common outside the study area

Syndrome  Characteristics and suspected threats Sdes

1.Residual  Species adapted to isolated residual Acacia spania, Euphorbia sarcostemmoides,
endemics (11 habitats (at least in study area), with  Grevillea kennedyana, Hakea maconchieana,
spp.) naturally few populations and relativelylndigofera oxyrachis, Melaleuca kunzeoides,
restricted range; potentially threatened Micromyrtus rotundifolia, Ptilotus
by goat and macropod grazing pressureaconochiei, Rhaphidospora bonneyana,
Thryptomene hexandra, Xerothamnella

parvifolia
2. Springs Endemic to GAB discharge springs, Calocephalusp. (Eulo) Eriocaulon
endemics resulting in few isolated populations; aloefolium, E. carsonii, E. giganticum,
(9 spp.) threats include habitat destruction Eryngium fontanum, Hydrocotyle dipleura,
through aquifer drawdown, excavation Myriophyllum artesium, Sporobolus pamelae,
of habitat feral pig damage and Sporobolus partimpatens

introduced pasture spp.
3. Long-lived Long-lived trees and shrubs, possibly Acacia ammophila, Acacia crombiei, Acacia

shrubs/ trees relictual, restricted to a few peuce, Cadellia pentastylis, Cerbera
(6 spp.) populations; inherently vulnerable to  dumicola, Eremophila tetraptera
localised threats
4. Short- Poorly-collected, known from only a  Actinotus paddisonii, Atriplex lobativalvis,
lived species handful of records; apparent rarity Austrobryonia argillicola, Calotis
(10 spp.) possibly due to sporadic germination; suffruticosa, Oldenlandia spathulata, Picris

specific threats not well understood  barbarorum, Ptilotus brachyanthus,
P.pseudohelipteroides, Rhodanthe rufescens,
Sclerolaena walkeri

5. Sparse Occur sparsely across the landscape alBthcholoma hornii, Goodenia angustifolia,
species are currently known from very few Sclerolaena blackiana, S. blakei, Vittadinia
(6 spp.) collections; specific threats not well ~ decora

understood
DISCUSSION

Potential biases in list
Three broad trends are evident through compariegcttmposition of the current list

with the candidate list and total flora: a domimanaf narrow endemics, under-
representation of widespread but sparse specidsaranbsence of grasses in the current
list. Species with narrow geographic ranges and resirtzabitats but large populations

where they do occur (form of rarity R5, Table 4@)mprise 6% of the western
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Queensland flora, but 57% of the current threatesgecies list (Table 4-6). The
predominance of restricted endemics in humerousataned species lists (Mcintyre
1992; Adam 2000; Burgman 2002) indicates eithert flogally endemic species
experience the greatest degree of threat (Rabimattial. 1986), or that there is a
tendency to list species which show the most olsvipattern of rarity (Mokany and
Adam 2000).

Perennial forbs and shrubs from residual habitatd aquatic forbs from spring
wetlands dominate the western Queensland threatspedies list, reflecting the
concentration of specialised endemics in these tditabi Aquatic forbs and shrubs
account for just 2% and 14% of the regional florg make up 11% and 21% of
threatened species list, respectively. The listigspecies from springs is certainly
justified given their restricted habitat that haseib devastated since European
settlement (Fensham and Fairfax 2003; Fensham acel 2004). Mountain ranges are
recognised as important refugia (Fjeldsa and Lo%¥687) and many ranges across
inland Australia harbour rare and specialised g®e(Crispet al. 2001; Preecet al.
2007; Byrneet al. 2008). At least in western Queensland, some ofetlraay be
genuinely restricted and potentially threateneggeemlly long-lived perennials, which
can be vulnerable to long-term grazing pressurendkberget al. 1997; Hunt 2001).
However, others occur across relatively wide ar@asarge populations and are not
known to be under threat. The listing of such sgecnay reflect the fact that they are

easy to document and classify (Burgneaml.1995).

In contrast, the listing processes may under-remtespecies that are more difficult to
document, especially widespread but sparse sp@didatyre 1992; Burgman 2002). A
major discrepancy between the current and candidgdseis in local population size,
where ‘everywhere small’ species comprise 19% efdhrrent list, but almost half of
the candidate list. This suggests that numerougsspapecies may have been
overlooked by the current listing process. Althowyerywhere-sparse species will not
necessarily be threatened (Muretyal. 1999), there are grounds for concern about their
long-term persistence in landscapes subject tonsixte grazing pressure. Lange and
Willcocks (1980) showed that domestic herbivorewvehdhe capacity to rapidly
eliminate scattered populations of small, scar@ntpl Listing of widespread species

under IUCN criteria depends upon being able to destnate evidence of decline of the
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species (Keith 1998). The lack of any suitable rmyimig across most of the worlds’
arid zones means that widespread but sparse spemigd$ decline unnoticed. This
situation is compounded because Herbarium recaelsha only baseline data on the
distribution, occurrence and life history of neadly sparse species. While emerging
statistical techniques permit inferences to be draabout rates of decline and
probability of extinction based on sightings andrsh effort (e.g. Burgmaet al. 1995;
Solow 2005; Colleret al.2010), such models will be unreliable if used iolasion for

arid zone plants, where the collection record srsp and the absence of a species at a

site at a particular time does not mean thatnbispresent as dormant propagules.

Grasses comprise 14% of the regional flora butfjustpercent of listed species (Table
4-8). Only two grasses, both spring endemics, arently listed in Queensland. Either
the biology of grasses renders them less susceptbbeing restricted and threatened
(Hartley and Leigh 1979), or they have been ovdsadoin the listing process. Grasses
comprise a sizeable proportion of domestic stoalk mracropod diets (Griffiths and
Barker 1966; Dawson and Ellis 1994). Moreover, &iagt grazing pressure is thought
to have reduced the abundance of perennial grapsescularly palatable species,
throughout the semi-arid zone (Grice and Barchi8@2i9ndersonet al. 1996). In
extreme cases, palatable perennial grass speare®eaompletely eliminated from
large areas (Fenshaet al. 1999). Concern for the long-term persistence oétpale
grasses in an extensively grazed landscape mighgftire be justified. Examination of
Herbarium records shows that grasses are relatipelgrly-collected in western
Queensland post-1980, and eight of the twelve daneligrasses were highlighted
simply because they have not been collected irsthedy area for 20 years. Targeted
surveys based on historical collection localitieofwving good summer rainfall have

the potential clarify the conservation status efs#hspecies.

While sedges are under-represented in the cunsgntdmpared to their prevalence in
the total flora, few sedges were identified in trevl, suggesting that most sedges are
indeed widespread, common and not considered tatbesk. Forbs comprise the
majority of the candidate list, indicating that somay have been overlooked in the
listing process. Lilies and vines are representgdily a handful of species in the

western Queensland flora, but account for relagiv@gh proportions of candidate
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species (Table 4-8). Their apparent rarity may be tb their life cycles including

periods of dormancy, coupled with the fact that e@ocur in poorly-collected areas.

Hotspots and threat syndromes

The identified ‘threat syndromes’ in the westerne@usland flora (Table 4-10),
combined with the clustering of threatened speaespace (Figure 4-1), provide
opportunities for management actions that can tesulfavourable outcomes for
multiple species (Coates and Atkins 2001; Burgretal. 2007).Such targeted efforts
can be effective, as demonstrated by recent effonsotect the listed species occurring
in western Queensland springs. The conservationesabf these springs are well-
recognised (e.g. Fenshashal.2004; Ponder and Slatyer 2007; Fair&bal.2007) and
are re-iterated here, particularly for Pelican ®reprings comprising about 6 hectares
of wetland habitat with eight listed and six caradedspecies, and Yowah Creek springs
with 2.6 hectares of habitat containing four listed two candidate species. The
importance of western Queensland residual habi@tplant conservation is also
highlighted. Field surveys in hills and ranges htngepotential to extend the ranges and
known populations of listed and candidate speeakswing a more accurate assessment
of their threat status (Keith 2000; Keighetyal. 2007).

The paucity of listed species from sandy red eadhisefields, downs, gibber plains
andAcaciawoodlands seems anomalous, given the predomindribese habitat types
across much of western Queensland. All have belgjecuto broad-scale changes since
pastoral settlement (Jamesal. 1999; Woinarski and Fisher 2003), and the sandy red
earths of the Mulga Lands are thought to be pddiudegraded (Mills 1989; Baket

al. 1992). In particular, very few areas are now faough from water to be ungrazed
(Fensham and Fairfax 2008). Induced rarity has lasenbed to high levels of dietary
selection exercised by herbivores, even at lowkstgcrates (Lange and Willcocks
1980; Williams 1981). If potentially vulnerable spes from these habitats have been
overlooked in the listing process, they should hbegen identified by the systematic
trawl. Sandy red earths, downs awaacia woodlands on clay were all better-
represented in the candidate than in the currefitduggesting that some species from
these habitats have been overlooked. However,esults indicate that the vast gibber

plains and dunefields of western Queensland hdagwely few restricted species.
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It is vital to quantify the magnitude and naturetlofeatening processes to be able to
pursue any management actions (Williams 2006). Eusimg the best available
information from botanists and land managers, ezlethreats were demonstrated for
only three non-spring species. Browsing and grabynderal goats and macropods is a
suspected threat for many residual species antyatéa assessment of this impact on
population dynamics is critical. Domestic grazisgften cited as a threat to threatened
species (Hartley and Leigh 1979; Janssal. 1999; Woinarski and Fisher 2003),
however it is only directly implicated in the dewiof one specief\¢acia ammophilp

in western Queensland. This mirrors a broader trehé@re a number of processes seem
to be cited as default ‘threats’ in many conseoratplanning documents, with no
attempt made to assess or quantify these claimaddition to grazing, changed fire
regimes are assumed to represent a threat to nesigual species (Environment
Australia and QPWS 1999; NSW NPWS 1999) despitdabiethat even after abundant
rainfall, groundcover in many habitats remains lm@ to support fire. The perceived
threat of fire is not supported by direct obsewatthat we could record in western
Queensland. At present, no listed species outguimgs habitats are threatened by
exotic species. However, this situation could ¢geamapidly if an invasive exotic

species became prevalent in critical habitats.

Species falling into threat syndromes 4 and 5 ar@aorly known that no practical
management actions are defensible or possibley lébrthe 106 listed and candidate
species are known from fewer than five collectionQueensland, and many more are
represented by scant recent records. As such,vierig difficult to provide even ball-
park estimates of range and population size, teteabssess decline or potential threats.
Surveys for these species are obviously requireldsabsequent ecological studies need
to focus on identifying population declines andepoial threats (Keith 2000; Fensham
and Fairfax 2008). Ten listed species are knowtaoaffected by some degree of
temporal rarity (syndrome 4), while preliminary ebstions suggest that a further 30
trawl species may exhibit sporadic germination wewluitment. This paper has exposed
numerous special issues which must be considemeglént conservation in the arid
zone. Separating the effects of genuine spatidlyaemporal rarity and low collection
effort, as well as quantifying the nature and eki@nthreatening processes, will be

crucial to achieving conservation outcomes in tresas.
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CHAPTER 5.

SPECIALISED AND STRANDED:
HABITAT AND BIOGEOGRAPHIC HISTORY DETERMINE THE
RARITY OF PLANT SPECIES IN A SEMI-ARID MOUNTAIN RAKGE

INTRODUCTION

The association of rare species with restrictedtatitypes has long been recognized,
and confinement to such habitats is the most watlichented and frequently cited
cause of plant rarity (Kruckenberg and RabinowR83; Harrison 1999; Boulangeet
al. 2012). Rare species seldom occupy all availabbitdta however, leading biologists

to search for other factors that may limit thestdbution and abundance.

Experimental studies and field observations indidéitat many plants are limited by
their ability to reach suitable habitat, establestnd persist (Eriksson and Jakobsson
1998; Ehrlénet al. 2006). Species with limited viable seed productamd no
adaptations for long-distance dispersal will be en@stricted than those with seeds that
are dispersed by vertebrates or wind (Van der Veken. 2007), although even species
that produce large quantities of viable seed withpgations for long-distance dispersal
can be seed-limited (Wild and Gagnon 2005). Othpecies may have Ilow
establishment ability even if diaspores reach biethabitat (Clarlet al. 2007), or may
not persist to form viable populations (Turnbetl al. 2000). A distinction between
‘propagule-limited’ and ‘niche-limited’ species hhsen made depending on whether
distribution is more strongly influenced by habitat seed availability (Moore and
Elmendorf 2006).

In many cases, however, habitat specificity andciggebiology are insufficient to
explain rarity. Complex factors such as landscap& @volutionary history and the
stochastics of local extinction events may beaait(Fiedler and Ahouse 1992; Kaedt
al. 2005; Parmentieret al. 2005), particularly in old landscapes where altopa
speciation can occur under conditions of relatitabitity (Hopper and Gioia 2004).

These factors are often difficult to quantify aret@unt for, and typically interact with
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habitat requirements and species biology to crietebserved distribution patterns of

species.

Anthropogenic impacts can also influence the distion and abundance of species.
Long histories of traditional management are imgoarfor the persistence of species in
some landscapes (Friet al. 2012; Eriksson 2013), whereas other species may be
advantaged by more recent anthropogenic disturb@idepatrick 2007). Conversely,
many species have become rare due to anthropoig@mects, particularly over the past
two centuries, either via direct removal of indivads (Cardelet al. 1997) or via the
destruction or modification of habitat (Lavergeieal. 2005; Martorell and Peters 2005).
In landscapes with a short evolutionary historgi#Hzing, existing theory suggests that
grazing-sensitive species will decline in areagesilio consistent grazing pressure and
some may persist only in water-remote refugia (Miltas and Noy-Meir 2002;
Landsberget al.2003).

Mountain ranges, and particularly rock outcrops,racognized worldwide as centres of
endemism for plant species. Various outcrop comtiasmin the western USA have
high concentrations of endemic species (Baskin Baskin 1988), serpentine barrens
being the best documented (Harshberger 1903; daresal. 2006). Distinctive floras
have also been described on mountain ranges amdopstin Africa (Moustafa and
Zaghloul 1996; Burke 2003a), the Middle East (Dak@©D8), South America (Alves
and Kolbek 1994; Porembskt al. 1998) and Australia (Crisgt al. 2001; Gibsoret al.
2012). These habitats provide unique challengepléots, including shallow or skeletal
substrates, high ultraviolet radiation, wind expesand evapotranspiration, large daily
thermal variations and often unusual soil chemjdigt may also have provided refugia
in relatively mesic subhabitats during climaticctiwations. In tropical and temperate
regions, rock outcrops are regarded as xeric ‘d@dawithin a humid matrix, although
they can provide relatively mesic conditions foargl growth in arid zones (Burke
2003b). Their bioclimatic status in intermediatesemi-arid positions along this global

axis, however, remains unclear.

Here, we investigate the causes of rarity in retato the flora of a semi-arid mountain
range containing 19 rare and restricted specidso( et al. 2011) that has been
subject to 150 years of grazing by introduced hvengs (Fensham and Fairfax 2008).
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We hypothesize that if rare species are primaiigherlimited, their occurrence will be
predictable within specific habitats. If they arenited by intrinsic biology or
biogeographical history, their distribution will bess predictable and better explained
by biological and/or biogeographical factors. Aftatively, if plants have become rare
due to herbivore pressure, they will show a prefesefor lightly grazed areas away
from permanent water points. To test these hypethese characterize the habitats in
the study area and calculate the probability o# ralants occurring in each. We then
examine the occurrence of rare plants in relatmrindividual species biology, the

distance to water and biogeography.

METHODS

Study area

The Grey Range, together with smaller offshoot easngs composed of Tertiary
sandstone and stretches 700 km through inlandraaAtestralia. The northern part of
the system was selected for this study, becausienprary surveys showed it to contain
a high concentration of rare species (Silcetlal. 2011). This is the point where the
range is broadest, stretching over 100 km from wastest (Figure 5-1). Referring to
the Grey Range as mountains is a little generaersause its elevation falls from 450 m
above sea level on tablelands in the north-egststoover 200 m above sea level in the
south. The climate is semi-arid, with average ahraiafall decreasing from 485 mm in
the north-east to 300 mm in the south-west of thuelysarea. Most rain falls from
December to March. Summer temperatures are hoth wixima throughout
December—February averaging 35 °C and regularheetkiog 40 °C, and the short
winters are characterized by warm days and colditsighat often fall below 0 °C.
Fieldwork from October 2010 to September 2013 wasgred by exceptional rainfall,
with one rainfall station (Trinidad) near the centf the study area receiving 795 mm
in 2010 (more than double its average annual irdad 620 mm in 2011, with near-

average rainfall in 2012.
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Figure 5-1 Northern Grey Range study area in Queetend, Australia, showing towns,
rainfall isohyets (250 and 500 mm per annum), majodrainage lines and Grey Range
and offshoot Tertiary sandstone ranges (shaded grgyFilled triangles show detailed
habitat and grazing-intensity sites; open trianglesire rare-plant survey sites.

Feral goats Qapra hircug are patchily common and high numbers of nativeogu
(Macropus robustysoccur throughout the area, with domestic cafes(taurusand
Bos indicu¥ and native grey kangarodgldcropus giganteyseing mostly restricted to
the lower slopes and valleys. Grazing both by gaats by macropods is likely to be
limited to some extent by water availability (EalE367; Dawsoret al. 1975; Russelét

al. 2011), rendering water-remoteness gradients d wadians of studying the effects of
grazing on vegetation (Fenshanal.2010a). Fire is rare in the Grey Range due to the
naturally sparse ground-cover, although some maighshrubby tablelands may burn

after exceptional seasons.
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Target species

Seven species currently listed under QueenslaNdisre Conservation Act 19%hd
one listed on th&are or Threatened Australian PlaROTAP) list (Briggs and Leigh
1996) have been recorded from the northern Greyg®aas have 11 species of
conservation concern (Silcoek al. 2011). Most are long-lived trees and shrubs, with
only one annual species included (Table 5-1). bhifgery, distribution and abundance
data were calculated from survey data, field okm@as, taxonomic treatments and
Queensland Herbarium specimens. Extensive fielctkbea €. 330 hours) informed our
total population estimates, calculated as the prbdfithe number of plants found and
the proportion of the total suitable habitat witlire species’ range that was searched
(based on vegetation mapping combined with fieldvesy data and, where possible,
satellite imagery). Dispersal distance was estithdig@sed on dispersal mechanisms,
diaspore size and, where applicable, the range nohals assisting in dispersal.
Evidence of recruitment was determined as the poesef seedlings or a range of size

classes, including young plants.

Water mapping

Permanent and semi-permanent natural water-bodvesterholes, springs and
rockholes) were mapped through interviews with togrgn land managers (Fenshatn
al. 2011c). Artificial waters were identified aftermparing available data sources with
GOOGLE EARTH imagery (2010) for the study area, and then cimgckieir status with
landholders. Land managers also provided an assessihgoat population densities at

the time of sampling.
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Table 5-1 Geographical data, biological attributesand evidence of grazing impact for rare plant speeis recorded from the northern Grey
Range, Queensland, Australia. Status: V, Vulnerable\, Near Threatened (under Queensland’®lature Conservation Act 1992); 3K, listed in
Rare or Threatened Australian Plants (geographical range > 100 km but in small populatins + poorly-known and suspected of being at risk;
Briggs and Leigh 1996). Life-form: T, tree; S, shrib; PF, perennial forb; AF, annual forb.

Species Family Status Life- Geographical Estimated Dispersal unit Dispersal Recruitment  Populations
form range (area of population size (length, mm)* mechanism, (% of grazed (%)
occupancy, (number of distance (m) populations)
km?) populations)
Acaciasp. (Fermoy Road = Mimosaceae — T 46,700 (250) 750,000 (25) Seedaviti{5) Ant, 50 22.0 0.0
[. V. Newman 487)
Acaciasp. (Ambathala C.  Mimosaceae — T 1310 (5) 5000 (6) Seed (3) Unknd@n, 50.0 0.0
Sandercoe 624)
Cadellia pentastylis Surianaceae \% T 360,610 500,000 (50) Winged fruit Wind, 100 0.0 0.0
(10,000) (300)
Calandriniasp. (Lumeah Portulacaceae — AF 61,240 (350) 838,718,000 (66) ed$k.5) Wind, 1000 100 0.0
R. W. Purdie 2168)
Dodonaea intricata Sapindaceae — S 1160 (13) 92,000 (9) Winged ft@} ( Fruit, 500 11.1 0.0
Eremophila stenophylla Myoporaceae 3K T 54,830 (150) 41,000 (20) DrupeH)L4 Fauna, 5000 24.1 69.0
Euphorbia sarcostemmoidesEuphorbiaceae \% S 899,300 (200) 440,000 (46) B@&ry Unassisted, 8.3 0.0
10
Goodenia atriplexifolia Goodeniaceae — PF 56,100 (202) 2,520,000 (35) Wi frgeit Wind, 1000 37.1 0.0
(2.5)
Hakea maconochieana Proteaceae Vv S 16,100 (50) 53,400 (13) Winged €63d Wind, 500 7.7 0.0
Indigofera oxyrachis Fabaceae \% S 8240 (31) 50,000 (9) Seed (1.5) Wtedsi  14.3 3.6
10
Kunzeasp. (Forster 35406)  Myrtaceae — S 0.01 (0.01) 32 (1 Seed (0.5) Wind, 1000 0.0 0.0
Melaleuca kunzeoides Myrtaceae \% S 2 (0.02) 200 (2) Seed (0.5) Wind,0L00 0.0 0.0
Nyssanthes impervia Amaranthaceae @ — S 8 (1) 16,250 (2) Barbed frui} (1Fauna, 5000 50.0 50.0
Ptilotus remotiflorus Amaranthaceae @ — S 161,060 (39) 1,230,000 (45) dsieed (15) Wind, 500 26.7 4.4

80



Rhaphidospora bonneyana Acanthaceae Y S 32,070 (13) 164,800 (14) Seed (3) hortS 26.7 33.3

distance
ballistic, 10
Ricinocarpos crispatus Euphorbiaceae — S 2440 (20) 429,500 (15) Fruit sgif6) Unassisted, 36.8 15.8
10
Sauropus ramosissimus Phyllanthaceae — PF 2,284,160 100,000 (60) Winged seed (7)  Wind, 1000 36.4 0.0
(20,000)
Sida asterocalyx Malvaceae — S 30,280 (157) 936,000 (24) Winged {&)i Wind, 1000 0.0 33.3
Xerothamnella parvifolia ~ Acanthaceae Y S 287,260 (240) 7,635,700 (65) SBed ( Short- 17.4 84.9
distance
ballistic, 10

"Diaspores with short-distance ballistic or unaesislispersal are assumed to have a potential dipgistance of 10 m, those moved by ants 500 osethwvith
appendages (wings or hairs) to facilitate wind-eispl 1000 m, and the two species assisted byrl#ésgea Nyssanthes imperviay macropods and goats and
Eremophila stenophyllay cattle, goats and emus) 5000 m.
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Site selection and measurement

Preliminary surveys identified seven major vegetatinits within the study area (Table
5-2). No habitat-characterization sites were latatesheltered habitats, encompassing
gorges and boulder fields, which occur throughdwgt study area but are extremely
variable both within and between sites; 90 suabssitere, however, surveyed for rare
plants and included in the habitat-probability ayvdzing analyses. The other habitat
types were broadly homogeneous in geomorphologyetedion structure and floristics.

The sampling scheme was designed to capture asmqegion of each type at a range

of distances from water.

Table 5-2. Sites in the northern Grey Range, Queelasd, Australia, by habitat and
distance to water.Detailed measurements were not taken in shelteredabitats (see

Methods).
Habitat unit No. detailed sites Total Additional Total
(typical dominant trees/ shrubs) by distance to survey sites
water (km) sites
0-2 2-4 4-6
Barren plateauXcacia stowardii Hakea 6 7 5 18 128 146
collina)
Bendee slopeAcacia catenulata 6 5 5 16 104 120
Bendee tableland\¢acia catenulate 6 4 5 15 57 72
Gidgee toeslopeXAcacia cambagei 5 4 4 13 57 70
Mulga tablelandAcacia aneura 4 6 5 15 100 115
Shrubby tablelandAcacia ramulosd Acacia 3 4 4 11 23 34
stowardii
Sheltered habitats (gorgéoulder fields) —_ - = — 90 90
Total 88 559 647

At each site, the canopy cover of trees (> 2 n) tatld shrubs (<2 m) was assessed
using point intercepts every metre along a 200ansect. The cover of rocks, pebbles
(< 1 cm diameter), logs, litter, biological soilist and plants was recorded in ten 1 m x
1 m quadrats, spaced evenly along two 50-m lines fthe centre of the site. Each
species was assigned an abundance score of theenwihluadrats in which it was
recorded. A 10-minute incidental search of eachlwwtare site was also conducted,
and any additional species encountered were givenalaundance score of one.
Nomenclature follows Bostock and Holland (2007)0 2éucher specimens have been

deposited at the Queensland Herbarium (BRI).
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Dung was counted along two 100 m x 1 m belt trassacanged in a cross formation
from the centre of the site. Pellets of yellow-fmbirock-wallaby Petrogale xanthopus
celerig, euros Macropus robustys red/grey kangaroos Macropus rufus
M. giganteu} goats, cattle, horses, pigs and echidnas wedilyedistinguishable in
the field. Dung was split into ‘old’ (still intadiut dry and bleached) and ‘fresh’ (black)
classes. This method produced a measure of relgtaeing pressure at each site
(Fenshanet al.2010a).

At each site, the presence and abundance of taigat species (Table 5-1) was
recorded. Additional survey sites were locatedhe $ix habitat types, as well as in
sheltered habitats. Population size was estimateough complete census or sub-
sampling areas of typical density through quadsatsansects (Keith 2000).

Data analysis

Floristic data (ground layer, shrubs and trees)ewerdinated with non-metric
multidimensional scaling (NMDS) using the defaudittsigs in PRIMER Version 6

(Clarke and Gorley 2006). All other analyses weomducted using R 2.12.0 (R
Development Core Team 2010). Soil and vegetatiorctre parameters were
compared between habitat units by one-way ANOVAgisiukey’s tests to compare
individual means. Soil-probe, rock and biologicalat data required log-transformation
prior to analysis. The distribution of grazing me® was analysed in relation to
distance to water by Spearman rank correlationsisidering total dung counts,
macropods only, goats only, new dung and old dang, excluding sites where goats

were absent.

The probability of a target species being founé igiven habitat was calculated as the
proportion of sites surveyed where a species wasdio Only points within the
geographical range of each species, determinedavwyirng a convex polygon around all
records of the species, were included when calogldtabitat probabilities. Spearman
correlations were used to examine the presenceaboddance of rare species in
relation to the distance to water in each habitadividual correlations were only

possible for the 10 species recorded at more tlarsites.
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Barren plateaux form ‘islands’ within akcaciadominated system and can be mapped
from satellite (SPOT10) imagery (2008); the disitibns of their seven endemic
species were used to explore the influence of aab#gmentation on rarity. The area
of each plateau, the distance to its nearest neighfmeasured from the plateau edge)
and the area of plateaux within 10 k(oalculated from the centroid of each plateau and
excluding the focal plateau) were calculated fromjgrted spatial data uSirSIPATIAL
ANALYST tools in ARcINFO 10.0 (ESRI, Redlands, CA, USA). Pearson corraiatio
revealed that these two isolation variables wemengty negatively correlated, so only
the area of plateau within 10 km was used in theletso There was no significant
correlation between plateau size and area of plateaithin 10 km. Binomial
generalized linear models were used to test whdtierpresence of a species was
related to the size of the plateau and its isatafiom other plateaux. For each species,
a model considering interactions between the twqlagratory variables (log-
transformed) was fitted and compared to a simpledehwhich included only the main
effects for area and isolation, using chi-squar@yais. In all cases, the simpler model

was not significantly worse and was used for anslys

RESULTS

Overview and characterization of habitat types

Eighty-eight sites were measured across six halitetis at distances from water
ranging from 0.2 to 7.8 km. An additional 559 syreges were surveyed for rare plant
across seven habitats (Table 5-2). Although extieraariable and not measured,
sheltered habitats are differentiated from othdaitaa units by the presence of boulders
and vertical cliffs 2—15 m tall, passages, overlsaagd scree slopes developed between
boulders and at the base of cliffs, and high treels canopy cover and leaf litter (both
often >70%). They occur along higher escarpmemts$ support vegetation with
affinities to dry rain forest, including speciesialh are seldom seen in other habitats

and many of which are at the western edge of thegge.

All other habitats except barren plateaux are dateth byAcaciaspecies (Table 5-2).
Gidgee Acacia cambaggitoeslopes had a significantly higher clay fractemd were

significantly less acidic than all other units (T&b5-3). Barren plateaux had
significantly higher amounts of fine sand and wine most acidic, but this difference
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was only significant in relation to mulga tablelandBarren plateaux had shallower

soils, and mulga deeper soils, than all other hahinits. With their skeletal soils,

exposed rock pavement and extremely low plant cOvable 5-3), barren plateaux are

considered the only rock-outcrop habitat in thelgtarea.

Table 5-3. Mean habitat parameters by habitat typein the northern Grey Range
Queensland, Australia. Standard errors are given irparentheses. Means sharing the
same superscript are not significantly different flom each other [Tukey’'s honest
significant difference (HSD),P > 0.05]. Stars show significance levels:P < 0.01;™ P

< 0.001.
Barren Bendee Bendee Gidgee Mulga Shrubby p-
Plateau Slope Tableland Toeslope Tableland tableland F value
Soil parameters
19.4 22.2 20.9 28.4 21.8 21.7
Clay (%) 6.7 4.4y 4.8y (7.8F 3.7 (3.3 4.63% 0.001
15.0 14.3 13.8 18.7 19.7 20.4
Silt (%) @7 @33 @2 (3.6F (5.5P¢ (3.8 7.39% 0.000
Finesand  36.1 29.0 27.4 25.6 31.4 323
(%) (4.6)* (5.8  (4.5F¢ (5.6F (5.9Y¢ (2.2y¢ 8.89%+ 0.000
Coarse sand 29.5 34.6 37.9 27.3 27.1 255
(%) (9.0 (@i7f® (@1 (6.8F (10.7¢ (5.3 3.89% 0.003
4.9 5.3 5.1 6.9 5.4 5.3
pH (0.3 (0.3y® (0.5y® (0.6Y° (0.4F (0.4y® 38.73**  0.000
Soil probe 1.3 2.4 2.8 4.1 9.3 3.5
(cm) (0.9 (1.0 (.77 (2.6F (5.1 (1.5¢° 15.30%*  0.000
Physical parameters
77.6 66.7 50.9 54.5 10.4 39.3
Rocks (%)  (15.98  (25.9f  (25.1) (26.6f%  (16.6f (24.6f 16.93**  0.000
0.7 23.8 16.5 17.3 41.0 15.0
Litter (%) 0.7 (16.3F¢  (12.4F (7.2F¢  (18.9f (14.6f 60.97**  0.000
Biological 7.1 1.7 8.9 1.2 13.4 14.0
crust (%) (11.8® (6.1 (9.8y® (2.6)" (11.97 (14.9F 3.97% 0.003
Vegetation parameters
Plant cover 1.6 8.6 7.1 28.9 29.6 28.9
(%) (1.8 9.2y (10.6)" (8.6F (21.6f (15.8f 16.11%*  0.000
Total
groundcover 9.4 34.1 32.6 47.4 83.9 57.8
(%) (13.4)  (18.5F (20.3F (8.0 (27.9f (25.5f 29.37**  0.000
Tree cover  1.44 48.28 36.53 23.40 35.78 6.63
(%) (1.78f*  (18.62F (24.93F  (12.35f (23.65f  (6.22)f 35.11%*  0.000
Shrub cover 3.6 2.7 1.6 5.0 5.2 25.1
(%) (2.00* 8.7 (2.30° (9.5)" (7.20° (17.08 12.60%*  0.000
Total
species 9.9 12.3 8.5 22.0 19.0 18.1
richness 4.7A (5.0A (4.2)A (5.5)B (6.7)B (4.6)B 16.23%* 0.000
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Environmental distinctions between habitat typesamfirmed by the ordination of the
floristic data. Mulga and shrubby tablelands, arddee tablelands and bendee slopes
occupy distinct areas of the ordination space, iallsth relatively high overlap,
whereas gidgee toeslopes and barren plateauxeadycseparated from all other types
and from each other (Figure 5-2). Pairwise compassshowed all units to be
significantly different from each other, with bemrdslopes and bendee tablelands
(P =0.010) and mulga and shrubby tabletdps (0.004) the most similar (for all other
units, P < 0.001). Forty clay-soil species occurred onlygidgee toeslopes, and 10
species were restricted to barren plateaux, mok#yacteristic shrubs that form sparse,
stunted communities. (See Appendix 5-1 for a fisll f species and their incidence at

sites by habitat.)
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Figure 5-2. Two-dimensional non-metric multidimensbnal scaling (NMDS) ordination
diagram of untransformed floristic abundance data fom 88 sites in the Grey Range
Queensland, Australia (Bray-Curtis similarity metric, stress = 0.17). Circles, gidgee
toeslope; triangles, barren plateaux; +, shrubby thleland; %, bendee slope; square,
bendee tableland; diamond, mulga tableland.
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Occurrence of rare species

Rare plants were concentrated in three restrictebitdts: gidgee toeslopes (four
species) and barren plateaux (seven species)obethich were clearly separated from
other habitat types in soil and vegetation (FigaH® Table 5-3, Figure 5-3b), as well as
sheltered habitats (five species) (Figure 5-3a,leT&h4). There was some overlap
between the species found in gidgee toeslope ars# ttound in sheltered habitats, but
all barren-plateau species were absent or veriyramend in other habitat typeé.cacia
sp. (Fermoy Road I. V. Newman 48Qalandriniasp. (Lumeah R. W. Purdie 2168),
Euphorbia sarcostemmoidesd Goodenia atriplexifoliaoccasionally occurred in other
habitats (Table 5-4), but these were always adjaodarge expanses of barren plateau.
Some high probabilities, particularly @&cacia sp. (Ambathala C. Sandercoe 624),
Cadellia pentastyli@nd Nyssanthes impervjare the result of a species having a very
limited range and thus few sites being surveyethiwithat range. Despite the majority
of rare species being mostly restricted to one orenof these three habitat units, most
did not occur predictably within their preferredbitat (Table 5-4). Only three species
[Acacia sp. (Fermoy Road 1.V. Newman 487Ricinocarpos crispatusand

Xerothamnella parvifolipoccurred in at least 50% of sites within their atbunits.

1

Figure 5-3. Unusual and restricted habitats of th&rey Range, Queensland, Australia:
(a) boulder field, showing complex habitat includig boulders, passages between them
and relatively dense vegetation; (b) barren plateaushowing rock outcropping and
very low vegetation cover, but also fissures and acks that support plant growth.
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Table 5-4. Probability (%) of a plant species occuing in a particular habitat within

its geographical range, northern Grey RangeQueensland, Australia. Number of sites
per habitat searched within each species’ geographrange recorded in brackets.
Probabilities of greater than 10% are bolded. Onlyone population each ofSauropus
ramosissimus, Kunzea sp. (Forster 35406) andVelaleuca kunzeoides were found in the
study area and these are not included.

Gorges/
Shrubby  boulder
tableland fields

Bendee Bendee
slope

Barren
plateau

Gidgee
Tableland Toeslope

Mulga

Species tableland

6.3
(32)

Acaciasp. (Fermoy Road
I.V.Newman 487)
Acaciasp. (Ambathala C.

69.7 (33) 8.8 (25) - 8.0(25) 4.0 (25) 2.4 (41)

Sandercoe 624)
Cadellia pentastylis
Calandriniasp. (Lumeah
R.W. Purdie 2168)
Dodonaea intricata
Eremophila stenophylla
Euphorbia
sarcostemmoides
Goodenia atriplexifolia
Hakea maconochieana
Indigofera oxyrachis
Nyssanthes impervia
Ptilotus remotiflorus
Rhaphidospora
bonneyana
Ricinocarpos crispatus
Sida asterocalyx
Xerothamnella parvifolia

44.6 (83)
36.4 (22)

18.5 (135)
38.5 (52)
15.0 (80)

42.1 (38)

- 8.3 (20) - -

1.4 (86) 4.9 (61) -

10.3 (40) -

2.5 (120)
- 5.0 (20) - -

10.0 (40) -

18.2 (55) -

7.7 (39) -
5.0 (20) - - -

63.2 (57) -

- 41.7 (12)
- 33.3 (6)

3.0 (33) -
4.0 (25) -
- 2.0 (50)
- 50.0 (4)

- 26.8 (41)
- 61.1 (18)

There were no correlations between distributiomnalance and predictability of the 19
target species and dispersal ability. With the p&oa of the two species with animal-
assisted dispersaEfemophila stenophyllandNyssanthes imperJiamost species had
no capacity for long-distance dispersal (Table 5Regcruitment was observed of all
species excepCadellia pentastylisMelaleuca kunzeoide&unzeasp. (Forster 35406)
and Sida asterocalyxalthough it appears to be rare tBuphorbia sarcostemmoides
(recruitment observed in 8.3% of populatiorid3pdonaea intricatg11.1%),Indigofera
oxyrachis(14.3%) andHakea maconochieand5.4%).
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The sizes of 2246 barren plateaux, totalling 585, kanged from 0.003 to 17 Km
(mean + SD: 0.28 + 0.7 Kih One hundred and forty-five (6.5%) plateaux, iaggn
size from 0.022 to 17.15 Kn{0.64 + 1.7 krf), were surveyed. The amount of barren
plateau habitat within 10 khof the surveyed plateaux ranged from 0.0089 t4®@Rnt
(4.87 + 4.46 krf). Plateau area had a strong positive effect onottwirrence of the
seven rare species as a group=(0.0001), and every species excdgakea
maconochieandP = 0.341) andGoodenia atriplexifolia(P = 0.051)was significantly
more likely to be found on larger plateaux. Isa@atihad no significant effect on
incidence of individual species, but was marginalignificant f = 0.043) when the

species were considered as a group (Table 5-5).

Table 5-5. Generalized linear models of plant spexs occurrence as a response to
plateau area and connectivity(defined as the area of plateau habitat within 10 k?),
northern Grey Range, Queensland, Australia. Only gteaux within the range of each
species are considered. Significant results are shin in bold.

Species Number of plateaux % Plateau area Connectivity

(n present) plateaux Z P y4 P

present

Acaciasp. (Fermoy Road 33 (23) 70% 2.689 0.007** 0.294  0.769
[. V. Newman 487)
Calandriniasp. (Lumeah 83 (37) 45% 3.077 0.002** -0.645 0.519
R. W. Purdie)
Dodonaea intricata 22 (8) 36% 2.486 0.013* 1.089 0.276
Euphorbia sarcostemmoides 135 (25) 19% 2.746  0.006** 1562 0.118
Hakea maconochieana 80 (12) 15% 0.952 0.341 -0.119 0.905
Goodenia atriplexifolia 52 (20) 38% 1.951 0.051 0.176  0.160
Sida asterocalyx 38 (16) 42% 2411 0.016* 0.048 0.962
All rare species 139 (55) 40% 3.821 0.0001*** 2.025 0.043*

Grazing impacts

Average dung counts across sites ranged from 05t@e2 square metre and were
variable within habitats. Horses and sheep wererded at one site each, and cattle
were present on three gidgee toeslopes and twerbatateaux. Yellow-footed rock
wallabies were recorded at 26 sites, and other apads occurred across all sites. Red
and grey kangaroos and wallaroos displayed a mmder for gidgee toeslopes and

mulga and shrubby tablelands over bendee habitatsbarren plateaux, and yellow-
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footed rock wallabies were most frequent on berglepes and shrubby tablelands
(F =4.86,P =0.01). Goats were estimated by landholders ttolein number at the
time of sampling on all but four properties, andeveecorded at 43 sites. Where they
did occur, they were most abundant on bendee tatale] bendee slopes and shrubby
tablelands. Five sites, including one more thamm6fkom permanent water, were

obvious goat camps, with densities up to 200 pehet.

There were no significant correlations betweenigppressure (based on dung counts)
and distance to water for any herbivore speciedumg age. The occurrence of rare
plants was not related to distance from water argdabundance for any habitat unit.
None of the 10 individual species occurring at mtran five sites displayed any
preference for sites far from water, or for siteshwow dung counts. Although five
palatable perennial shrubsXgrothamnella parvifolia Rhaphidospora bonneyana
Eremophila stenophyllaNyssanthes imperviand Sida asterocalyxwere often heavily
browsed, they all occurred in abundance at sitesecto water and with high dung
counts, and substantial recruitment of all exc&ma asterocalyxwas observed.

Populations of other species were untouched olyrarewsed (Table 5-1).

DISCUSSION

Influence of habitat specialization

The rare plant species of the Tertiary sandstonges of the study area have strong
affinities for three unusual and restricted habitaAlthough these ranges cover
20,000 kni within the study area, the potential habitat farstrrare species is relatively
small: a total of 585 kfof barren plateats,. 2000 knf of gidgee toeslope and less than
100 knf of sheltered habitat. Bendee-dominated habitatgarand shrubby tablelands
occupy most of the area, but harbour few populatiohrare species. These habitat
types have strong environmental and floristic @ffs with widespread vegetation
dominated by the same species in other situati@oylénd 1973; Fensharet al.
2011b; Appendix 5-1).
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Distinctive floras occur in mountain ranges glopdlecause the environment excludes
other species, and also because they support atgbsprecialists (Ware 1990; Wissr
al. 1996; Harrisoret al. 2006). Barren plateaux form rock outcrops withmAgeacia-
dominated matrix, and are clearly divergent frorg ather habitat in our study region,
with shallow, rocky, acidic soils and very low onga matter and vegetation cover
(Table 5-3, Fig. 5-3b) and, consequently, high rscddiation, temperature fluctuations
and wind exposure and low water retention. Althotlghir overall species richness was
low, they were floristically distinct from all othéabitat units (Table 5-3, Fig. 5-2) due
to the presence of ‘barrens specialists’. The adipis of plants to these habitats may
be maladaptive on deeper soils or in more fertilshaded habitats, possibly accounting
for their restricted distribution and endemism #&bitat (Walcket al. 1999; Poot and
Lambers 2003).

Rock outcrops tend to represent insular and unusaldtats within forested landscapes,
effectively forming biogeographical islands (Burk@03b). In relatively mesic areas, a
disproportionate number of rare species occur latively open, rocky environments
which effectively form xeric islands (Porembski addrthlott 2000; Poot and Lambers
2008). These species have become adapted to thisorement through the
development of strategies to minimize water log$ @tow them to avoid droughts. All
seven barren-plateau endemics in the Grey Range shoh adaptations, including
succulence alandrinia sp. (Lumeah R.W. Purdie 2168),Euphorbia
sarcostemmoidgs leathery leavesAcacia sp. (Fermoy Road I. V. Newman 487),
Hakea maconochieahand deciduousness in response to drougbtignaea intricata

Goodenia atriplexifolisandSida asterocalyx

Conversely, rock outcrops in drylands often providere mesic habitats than their
surroundings, with microhabitats including deepcksaand crevices that accumulate
weathered bedrock, organic matter and water, angbnuareas that harvest the limited
rainfall (Burke 2002; Danin 2008). Field observascsuggest that Grey Range barren-
plateau species make use of these microhabitats. robt systems oEuphorbia
sarcostemmoideandHakea maconochieanaere both traced to fissures in the plateau
surface at numerous sites. Ratakea species from shallow ironstone soils in arid

Western Australia invested more in deep roots potaexperiment than congeners from
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other habitats, suggesting that shallow-soil endsrhave root systems specialized to

locate fissures (Poot and Lambers 2008).

Biogeographical history

Evolutionary and environmental history are likedytte important factors explaining the
present distributions of long-isolated niche spets (Fiedler and Ahouse 1992). The
association of rare plants with larger plateauxb{@®-5) points to a relictual origin for
these species, which would have had a more contshdastribution before the gradual
erosion of Tertiary lateritic profiles left relaély isolated plateaux (Whitehouse 1940).
Populations would have been more vulnerable tolleséinction events on small
plateaux during Pleistocene climatic fluctuatiorfiie general lack of correlation
between isolation and the occurrence of rare ptp@Ecies indicates a paucity of
colonization events in recent times, consistenhwhie limited dispersal capabilities of
the seven species (Table 5-1). Most have seedard&bo large for long-distance wind-
dispersal and are not adapted for animal-dispdidassall 1977; Cairet al. 2000),
meaning that if a species is extirpated from aeglatit is unable to recolonize. This
pattern of species becoming ‘stranded’ on rock rop& has been documented
elsewhere in Australia (Gibsaat al. 2012). Genetic studies could shed more light on

the relative period of historical separation betwpepulations (Yatest al.2007).

Recruitment of barren-plateau species is rare evgood seasons, with five of the six
perennials showing recruitment in less than 25%ajulations (Table 5-1), and no
seedlings were observed of any species, ex®egptiasp. (Fermoy Road I. V. Newman
487) at one site. Establishment limitations duehigh seedling mortality have been
documented for numerous rock-outcrop and cliff gse¢Matthes and Larson 2006;
Yateset al. 2011). This in turn limits population size and ders populations more
vulnerable to local extinctions, compounding thée rof stochastic processes in these

environments.

Six rare species are restricted to gorges and bouidlds, which provide small,
sheltered, relatively moist and structurally compleabitats within the expanses of
semi-arid woodlands and shrublands. Rare specieb si$ Cadellia pentastylis

Nyssanthes imperviaRhaphidospora bonneyanaXerothamnella parvifolia and
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Ricinocarpos crispatusll have populations or congeneric relatives ighbr-rainfall

areas and probably represent populations that khvack to mesic refugia during
climatic cycles of the Pleistocene. This has bempgsed for species from similar
habitats in other parts of inland Australia (Preetal. 2007; Byrne 2008) and around
the world (Médail and Diadema 2009; Miglioet al. 2013). Gidgee toeslopes also
represent relatively narrow bands where run-on whtan escarpments ameliorates

water stress to some extent.

Detecting grazing impacts

The lack of correlation between dung counts anddist&ance to water indicates that
euros and goats are influenced by other factorscandange freely without permanent
water, at least during the wet years coincidinghwaur study. Water supplies from
ephemeral rockholes are extinguished during draulght form an extensive network in
good seasons. The distance from water did notfagntly influence densities of red
kangaroo in western New South Wales (Montague-Diak& Croft 2004), and the
availability of shelter and forage were more impattthan water in determining the
distribution and abundance of red kangaroos inrakmfustralia (Newsome 1965).
Owing to behavioural and physiological adaptatidhs,euro is even less dependent on
surface water than the red kangaroo (Ealey 196fHerJactors apart from water also
affect goat density, notably their preference fopased high tablelands, isolated hills
and scarp edges, where they can detect predatoosg€t al. 2002; Shradeet al.
2008), explaining the high dung densities on beraaekshrubby tablelands.

Despite the drought-hardiness of the dominant kerbs in the Grey Range, it is
possible that their activity is constrained by wateailability during droughts (Friedel
et al. 2003). If these constraints exist, they are nonifeat in population densities or
recruitment characteristics for the target speiciemur study area. None of them appear
to be rare due to grazing pressure, although tlaig not be the case in other parts of
Australia where goat densities are much higher IP@md Froese 2012), and the

impacts of goats on vegetation in these areasnesjuivestigation.
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CONCLUSIONS

Ranges along the boundary of the present-day Aiastrarid zone, including the
Tertiary sandstone ranges of inland eastern Austrappear to have acted as refugia
during the dry glacial periods of the Pleistocersulting in distinctive floras, including
endemic species (Gibsat al. 2012). Rare species are now concentrated in ctstri
and unusual habitats, which have become isolated &ach other with little possibility
of dispersal between them. Larger plateaux are riloes/ to support populations of
rare species due to local extinction events onlsmahore vulnerable plateaux during
dry phases of the Pleistocene. Habitat speciabzatireproductive biology and
biogeographical history are likely to be criticalcfors that interact to determine the
distribution and abundance of species in geololyicsiable mountain ranges that

contain distinctive and geographically isolateditedb.
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CHAPTER 6.

LOST IN TIME AND SPACE: RE-ASSESSMENT OF CONSERVAIN
STATUS AN ARID-ZONE FLORA THROUGH TARGETED FIELD
SURVEY

INTRODUCTION

The protection of rare and threatened species ¢erdral concern of conservation
biology. The process of formally identifying taxagreatest risk of extinction involves
the publication of threatened species lists. Thiests are used in myriad ways,
including allocating resources for species recovanjorming reserve selection,
constraining proposed developments and reportinghenstate of the environment
(Mcintyre 1992; Possinghamet al. 2002). Since the first global classification of
extinction risk under the World Conservation UnigdCN) Red List scheme in the
1970s, nations and jurisdictions have pursued iexdégnt listing processes while being
guided by Red List criteria, which define threattegmries based on quantitative
thresholds relating to geographic range, populasiar, rate of decline and extinction
risk (IUCN 2001; Maceet al. 2008).

Most of the data available to make conservatiomssseents for plant species comes
from herbarium collections interpreted by botan{@srgmanet al. 1995). For poorly
surveyed regions and groups, this may be the oalg dvailable (Pondeat al. 2001;
Tobler et al. 2007; Riverset al. 2011). Herbarium specimens and their labels peovid
information on locations of species occurrencelectibn date and often a short habitat
description. Some labels contain notes on abundanck occasionally, population
structure or threats to the population. Collectiate and the presence of flowers and/or
fruits can be used to infer phenology and baseHiktory information. Collections can
also inform level of threat for a species basedotinropogenic impacts on its habitat
(MacDougall et al. 1998) and temporal changes in range or abunddaster( and

Climate Change Research Group 2011).

95



However, the limitations of herbarium data have $eane ecologists to question its
value for assessing threat and prioritising coretewm effort. Herbarium data is
gualitative, usually collected unsystematically arately contains information on
demographics of or threats to populations, whieh\atal for conservation assessments
(Stern and Eriksson 1996; Willist al. 2003; Farnsworth and Ogurcak 2006). Any
inference of rarity will be subject to collectiomab, based on the characteristics of the
plant including size, conspicuousness and frequendipwering and fruiting, and the
locations where collecting effort is concentratBedrce and Bytebier 2002; Kadmein

al. 2004).

Where assessments are based on limited collectimssiderable extrapolation is
required and this can result in spurious consesaagissessments (Hall 1987; Golding
2004). Species may be listed on the basis of sead®rium records which in reality
are relatively common and secure, at least at ioetitmes while genuinely rare and
threatened species remain undetected, resultingvaste of scarce conservation
resources (Keith 1998; Landsberg and Clarkson 200%reasingly, species and
recovery actions are prioritised using structumeaneworks (Partedt al. 2005; Joseph

et al. 2009), while emerging statistical techniques @ailitate inferences about rates of
decline and probability of extinction based on sigls and search effort (Solow 2005;
Collenet al. 2010). However the accuracy of these approachrains fundamentally

dependent upon the collection record and levekpéd knowledge.

These limitations will be most severe in vast isSible areas where the collection
record is sparse and field surveys are challengimg-consuming and expensive, such
as tropical rainforests and deserts. In arid emwvirents, detecting genuine rarity is
further confounded by extreme temporal fluctuationplant abundance in response to
harsh and variable climatic conditions (Holmgmnal. 2006). Short-lived forbs and

geophytes can persist in low numbers or as dorprampiagules or rootstock for most of
the time but ‘boom’ infrequently and briefly in pEmse to seasonal conditions or
certain cues (Parsons and Browne 1982; Moetioal. 2011). Thus their apparent rarity
may reflect life history rather than limited rangdundance or declines. In addition,
threats to rare plants in desert environments dien odiffuse, subtle and poorly

understood, and not able to be reliably inferrednfherbarium data.
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Lack of basic biological data to assess speciessigae IUCN criteria remains a major

impediment to assigning accurate conservation stdttoughout large areas of the

world. This is reflected in the flora of inland Atedia, where there is a lack of basic

data on distribution, abundance, population dynarard realistic threat syndromes for
the majority of rare species. This paper presdmsrésults of four years of targeted

field surveys for 91 species identified as being r@nd potentially threatened across a
635 000 kr area of western Queensland (Silcetlal. 2011). We examine the nature

of desert rarity and implications for assigning semvation status, and propose
guidelines for conducting rare plant surveys andkinga robust conservation

assessments in arid zones.

METHODS

Study area

The Mulga Lands, Mitchell Grass Downs and Channelr@y (here considered to
include the Simpson-Strzelecki Dunefields) biogepgic regions (Thackway and
Cresswell 1995) in Queensland, Australia, have mbioed area of 635 300 Km
(Figure 6-1), and comprise the north-eastern secfmne of the largest desert systems
in the world (Byrneet al. 2008). The Mulga Lands contain the most extensiaets of
mulga @cacia aneura shrubland in Queensland. The rivers and floodgladf the
Channel Country are bounded by stony plains, shnadsl and dunefields. The Mitchell
Grass Downs are characterised by open clay soiiptiominated bystreblaspecies.
All three bioregions are intersected by low Textiaandstone ranges, while five groups
of springs emanating from the Great Artesian Bastour within the study area
(Fenshanet al. 2004b).
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Figure 6-1. Western Queensland study area, showirgogeographic regions, major
towns, and targeted search effort (crosses) and cdidate species records (filled
circles) between 2010 and 2013

Average annual rainfall decreases on a south-wegeadient from 500 mm along the
eastern and north-eastern boundary to 130 mm isdb#h-west, but is highly variable
both within and between years. Summer tempera@ane$ot with maximums through
December-February averaging 35-38°C and regulaxigeeding 40°C, while short
winters are characterised by cold nights (5-10°@)en falling below zero in the
southern half of the area, and warm days averagig7°C. Most of the area is used
for extensive cattle and, in the eastern portibeep grazing, with relatively small areas
occupied by mining leases and conservation resehage macropods are common
across the area, with high densities of feral goathe sandstone ranges and southern
Mulga Lands.
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Background to threatened species listing

The first list of threatened Australian plants wablished by (Speclat al. 1974) under
the International Biology Program. Following thebpaation of the IUCN Red Book in
1978, the provisional conservation codes were mewtlifo conform with the IUCN
categories and published Rare or Threatened Australian Planfiseigh et al. 1981),
most recently revised as (Briggs and Leigh 199@ye&tened species are now listed
under the Environmental Protection and Biodiver§ignservation Act (EPBC) 1999 as
critically endangered, endangered or vulnerabldegiaies and criteria mirror [UCN
Red List Version 3.1 (2001) (Table 6-1), but theusfitative thresholds are regarded as
guidelines and not strictly applied (Australian @avment Department of Environment
2013).In Queensland, species can be listed as endangeitedrable or near threatened
(formerly rare) under the Nature Conservation AMICA) 1992. Assessments in
Queensland, in contrast to New South Wales andK&tare based on the global range
of a species rather than its occurrence withinsthge. Under both the EPBC and NCA,
any person can nominate a species for change wissémd it is then assessed by a
Threatened Species Technical Committee. Speciedbedisted as Data Deficient if

information is not sufficient to allow confidentssssments (Macst al. 2008).

Desktop assessments and data collation

The rarity and threat status of all species ocangrim western Queensland was assessed
using herbarium data, published information andeexpnterviews. In addition to
currently listed species, those that (i) were kndvam <10 populations; (ii) had not
been collected in study area in the past 20 yediis; were likely to be a new or
undescribed and restricted species; or (iv) diguagn apparent declining population

trend or a suspected threat, were identified asdickate species’ (Silcoat al.2011).
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Table 6-1. Criteria for listing species under Commaowealth Environment Protection
and Biodiversity Conservation Act (EPBC) 1999 and Qeensland’s Nature
Conservation Act (NCA) 1992 overall status of a species is determined by theitzrion
that returns the highest threat category (Source: Astralian Government Department
of Environment 2013 and Queensland Department of Biironment and
HeritageProtection 2013, after IUCN 2001)

Criteria Critically Endangered Vulnerable
Endangered
(IUCN & Near Threatened
EPBC only) (NCA only)**
A. Reduction in >90% / >70% / >50% / >20%
population size* >80% >50% >30%
B. Extent of <100km2 <5000km2 <20 000km2 <40 000km2
occurrence AND 2/3
of: (a) population + (a) single +(a) <5 + (a) <10 locations  + at least 10%
structure, (b) population populations decline within 10
continuing declines years or three
and (c) fluctuationst generations*
B2. Geographic <10km2 <500km2 <2000km2 <4000km2

range: area of
occupancy

+ same criteria as for
B1t

C. Population size +
continuing decline

D. Population size

E. Extinction risk

<250 mature
individuals

<50 mature
individuals

>50% (10

(quantitative analysis) years or 3

generations”)

<2500 mature
individuals

<250 mature
individuals

<10 000 mature
individuals

D1.<1000 mature
individuals ORD2.
very restricted area
of occupancy
(<20km2) or humber
of locations (<5)

>20% (20 years >10% within 100

or5
generations”)

years

+ at least 10%
decline*

<20 000 mature
individuals

D1. <3000 mature
individuals ORD?2.
very restricted area of
occupancy (<40km2)
or number of
locations (<10)

>5% within 100 years

* Population size reduction may be ‘observed, estiét, inferred or suspected’; time period is 10ryea
or 3 generations, whichever is longer; thresholgedes on the nature of the threat: higher thresf@fld

70, 50%) applicable where the causes of the remluaie clearly reversible AND understood AND
ceased; lower threshold (80, 50, 30%) applicableresthe reduction or its causes may not have ceased
OR may not be understood OR may not be reversible.
** Species can be listed as Data Deficient if imi@ation is not sufficient to allow confident asseesis.

T Require less than stated extent of occurrencea@R of occupancy AND at least two of three of the
following: (a) severely fragmented and known tosext < x populations (see table for threshold3) (b
Continuing decline (c) Extreme fluctuations in afithe following: (i) extent of occurrence, (ii)es of
occupancy, (iii) area, extent and/or quality of iteth (iv) number of locations or subpopulationg) (
number of mature individuals; (iii) not relevantr foriteria (c) regarding extreme fluctuations. EPBC
requires that geographic distribution is ‘precasipwhich is assessed subjectively on a case-bg-cas
basis. Queensland assessments are based on thkrglude of a species.

N Whichever is longer up to 100 years
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Field observations, collections and examinatiorhefbarium specimens consigned a
further eight species to taxonomic uncertainty.eAfbur surveys, 14 candidate species
remain known from <3 records in the study areadbetmuch more common in eastern
Queensland or neighbouring states. While populatointhese were searched for and
recorded, assessments of their conservation statusot be made without surveys in
other regions and they were excluded from this yamal Notes on the 22 excluded
species are provided in Appendix 6-1. Seven reésttiand/or rare species were
described or ‘discovered’ during our study and wadeed to the list. Three of these
have been described (Bean 2011; Jobson 2013), Whiteawait formal description.
The final list comprised 91 species (Appendix 6N9menclature follows Bostock and
Holland (2007).

Field surveys

Targeted surveys for candidate species were coadlumter four years between May
2010 and December 2013, with opportunistic survays 2007-2009. Surveys
encompassed a range of seasons, including thestigdiefall on record for large parts
of the study area in 2010 and well above-averag¢éathin 2011 and, for the north of
the study area, 2009 (Figure 6-2). 2006 and 200@ &y years across most of the area,
with extremely dry conditions returning in 2013.itld searches were at sites of
historical collections, guided by available infotina on habitat preferences and life
history. Herbarium specimens and field guide phat@se inspected to gain search
images of target species. At each site, habitaa dats recorded and search effort
quantified in terms of person hours and area sedr@fcDonald 2004) and preceding
seasonal conditions noted. When a species werehashfor and not found, this was

recorded as a confirmed absence (Marcot and ME@Qg).

When a candidate species was found, total populaize was recorded, either through
complete census or sub-sampling using transea@gartrats then mapping or estimating
population extent. Observations of age structuik agparent grazing impacts or other
threats were recorded (Keith 2000). Specimens woafl identity and >300 were
lodged at the Queensland Herbarium. Habitat ob#ens in conjunction with

vegetation mapping and high-resolution satellitagery were used to select sites for
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further surveys. Targeted searches were supplethentth floristic surveys and
collections in poorly-collected areas, as identifiehrough spatial analysis of

Queensland Herbarium records.

Rainfall Decile Ranges
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Figure 6-2. Annual rainfall deciles for Queenslandor survey period (source: Bureau
of Meteorology Climate Data Online, accessed 7 Jaaty 2014).

Re-assessment of conservation status

For each species, all records from our surveysthadAustralian Virtual Herbarium

(www.avh.gov.aywere entered into a Geographic Information SystamaMap 10.1),

erroneous records removed or corrected and extergcecurrence measured as a
minimum convex polygon. For some rare species,tt@asure is prone to dependence
on one or two data points, and becomes especiatigrtain if all occurrences are not
confirmed (Gaston 1994). A conservative approach taken, with only known extant
populations included (i.e. collected within the tp&8 years, unless field surveys could
not relocate the species at a site). Area of oguzypaould be calculated accurately for
some species (e.g. spring species), however wadlymestimated as the amount of
suitable habitat within a species’ extent of ocence (based on vegetation mapping and
field survey data) multiplied by the proportionsifes within suitable habitat where the

species was found.
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Search effort was calculated for each species mbeu of sites, person hours and
square kilometres searched (calculated as totalmtis walked or driven * visibility of

species at site; where a species was searchedultplentimes at one site, subsequent
searches were included in hours of search effdrhbuarea searched). Total population
estimates were a function of the proportion ofltataa of suitable habitat searched and

the number of plants found:

Total suitable habitat within

Estimated _ range(kn) Total number
population ~  Area searched within area of plants found
of suitable habitat (kf)

This equation was only applied where species weosvk from>10 populations. While
surveys were used to define range limits and hiapreferences of species, only search
effort within their range and suitable habitat $éabsequently defined from survey data)
was included in calculations. For Great ArtesiarsiBa(GAB) springs species the
dataset of Fensharat al. (2004a) was supplemented by additional surveysillat

Queensland and New South Wales springs.

Surveys also recorded information relating to rehiequirements, threats (including
palatability to herbivores and anthropogenic impaxt habitat), demographic structure,
life history and apparent population trends (Ke@00). For species where we
recommend a change of status, Threatened Specragalmn forms (available online

at www.ehp.qld.gov.au/wildlife/threatened-species/mtenl) were completed and

submitted to the Threatened Species Technical CtteeniThese forms contain details
on occurrence, population size, threats and ligohy, and an example is contained in
Appendix 6-3. For candidate species where no chasigstatus is recommended,
species profiles were compiled based on survey, diatd observations and available
literature for future reference; Appendix 6-4 isexample of a typical species profile.

All are available on the Queensland Herbarium gerve
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RESULTS

We conducted 2800 hours of targeted searches éo@thcandidate species. A total of
1970 populations (defined as records separated @moenanother by more than 10 km
and/or a patch of unsuitable habitat) were recordetbss the study area and,
opportunistically, in neighbouring bioregions in €gmsland and adjacent States and
Territories (Figure 6-1, Appendix 6-2). Large (>0006lants), healthy and regenerating
populations of 61 of 91 species (67%) of speciesevieund. Species fell into one of
seven categories; 3-6 are the 45 species which €N criteria, while category 7

species require further information (Table 6-2).

Table 6-2. Assessment categories of 91 candidatesjes based on survey data and
application of IUCN criteria

Category Explanation Species
1. Species identified by Herbarium records and expert knowledge suggestdesp 28
Silcocket al.(2011) but were rare and potentially threatened; surveys teddhem
assessed as Least to be abundant and widespread, although extreme

Concern after surveys fluctuations account for some apparent rarity irsfidcies

2. Listed species Currently 2 listed as Endangered, 3 Vulnerable&hgar 13
assessed as Least Threatened, but exceed IUCN thresholds based orysur

Concern data

3. GAB spring species All Endangered (>90% of populations occur in single 12
with documented or locality and/or decline is documented) + one Vo

expected decline

4. GAB species without Vulnerable (D2) due to restricted area of occupdandyno 7
recent or ongoing continuing decline documented or expected

decline

5. Known threat and 5 species grazing-sensitive (heavily grazed atid br no 6

decline documented recruitment at >85% of populations) + one threaddme
(non-spring species)  exotic plant invasion; 4 Endangered, 2 Near Threste
under criteria A, B, C and/or D
6. Restricted but no 2 Endangered (criteria C, <250 mature individudl§); 20
threat Vulnerable and 2 Near Threatened (all D2, area of
occupancy <20 kit 2 also D1); includes four ‘new’
species which have not been intensively surveyéaisu
extremely restricted
7. Data deficient One population each of 3 spefdesd, 2 surveyed and not 5
found; too little information to make robust congdion
assessments, but all potentially eligible for figti

TOTAL=91
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Forty-two species (46%) do not meet IUCN criterga fisting. The most common
category, accounting for 28 species, was unligtegiss identified as candidate species
by Silcock et al. (2011) which surveys revealed to be extremely comnat least
during the good seasons of 2010-11 (Figure 6-2)If ld&hibit extreme natural
fluctuations which contribute to their apparentityarAlthough most had an area of
occupancy below the threshold for listing as viaie under criterion B2 (2000 Kn
none exhibit two of the three requisite charactiessand their areas of occupancy and
total populations exceed criterion D thresholdsb(@a-1; Appendix 6-2)Maireana
cheeliiis listed as vulnerable nationally but unlistedQoneensland, where it is at the
northern edge of its range and not threatened iy ¢éearing and grazing pressure like
the southern populations. Thirteen listed specdreduding two endangered and three
vulnerable, are assessed as least concern basauhay data. Half of these are also
short-lived species with evidence of temporal yanthile the others are simply under-
collected. Again, nine have areas of occupancy 820 but do not meet other criteria

for listing.

Fourteen species which meet IUCN criteria for tigtiare restricted to GAB spring
wetlands and five to associated groundwater scadspunting for 42% of the 45
species eligible for listing. Eleven qualify as andered (three critically endangered
under the EPBC Act) under criteria B and D and/grCAand E with a continuing
decline documented or likely (Table 6-2; Appendi)6All exceptEriocaulon carsonii
are mostly restricted to a single spring complexgd @ghus extremely vulnerable to
impacts of feral pigs, high total grazing pressanel demographic stochasticity. The
three Eriocaulon species are selectively dug up by pigs, d@daloensisand E.
giganteumare restricted to single populations of 2588 a8 glants respectively (P.
Foreman, unpublished data). The decline of thetivelst widespreacE. carsoniihas
been documented at numerous springs over the peatle. The remaining eight spring
species are listed as vulnerable (D2) due to exiemestricted area of occupancy.
However there is no evidence of continuing or fatdecline except fo€alocephalus
sp. (Eulo M.E.Ballingall MEB 2590), which is heavigrazed by goats and/or cattle

with limited recruitment at all unfenced populatson
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Only six non-springs species are eligible undetede relating to evidence of
continuing decline or probability of extinction (&h is required for criteria A, C, E
and mostly for 6-2; Table 6-1Acacia ammophilaand A. crombieiand Eremophila
stenophylla(all assessed as vulnerable, B2; Appendix 6-2)larg-lived trees or tall
shrubs which are heavily grazed by goats and/dlecaith little or no recruitment at
>85% of populations. The short-lived endangered Riilotus brachyanthusvas found

at just three small highly disjunct populations2i hours targeted searching, displays
extreme temporal fluctuations and has apparenttfirdl since pastoral settlement.
Both Rhynchharena lineari@nd Sida argenteaare grazing-sensitive and currently
known from <10 populations in Queensland despiteerestive searching, and are

assessed as near threatened (Appendix 6-3).

Twenty non-spring species, including 18 woody pei@s and two geophytes, remain
sufficiently restricted to warrant listing aftertersive surveys despite there being no
documented or suspected threat or decline. Alivaheerable (D2), with the exception
of Kunzeasp. (Forster 35406) andalotis suffruticosawhich are known from single
tiny populations and qualify as endangered (C), #&hdotus maconochieiand
Raphidospora bonneyanahich are listed as near threatened (D2, areaccdipancy
<40 knf). Eremophila tetrapteraxceeds thresholds for listing, however is retaiagd
vulnerable pending demographic surveys. Categangl6des four ‘new’ species (three
‘discovered’ during surveys and one described irl220 which have not been
intensively surveyed but are highly restricted amekt criteria for listing as vulnerable
(D2 and possibly D1).

Five species remain too poorly-known to make rolasstessments. One population
each ofVittadinia decora Nymphaea georginaand Austrostipa blakewere found
during surveys, while two specieSpathia neurosand Swainsona similjswere not
found despite 15 and eight hours targeted searfdrt afespectively. Apart from
Vittadinia decora(listed as near threatenedipone are currently listed under state or

federal legislation and are recommended for listinglata deficient.
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DISCUSSION

Desert rarity and implications for assessing conseation status

Many apparently rare species in vast poorly-cadléareas will be found in abundance
with targeted surveys. For some species, their rappararity is due to being
inconspicuous plants in relatively inaccessibleitadd (Landsberg and Clarkson 2004).
For example Xerothamnella parvifoliaa tangled almost-leafless perennial sub-shrub,
was known from 15 collections in Queensland, ared gne in the past 10 years, but
was found abundantly in footslopes of stony rangath >60 populations documented
and an estimated total population of 7.6 millionteme individuals (Appendix 6-3). For
many annual species and geophytes in arid envirotsnéemporal fluctuations in
above-ground biomass combine with low collectioforef This was spectacularly
demonstrated byclerolaena walkeria short-lived forb which was known from two
collections in 1942 and 1964, but dominated largas of floodplains in south-western
Queensland in 2007-2008. Between 2008 and 201&st abbsent or reduced to small
patches of dried out almost unrecognisable spesrmemost of the 30 sites monitored
(J. Silcock, unpublished data). Surveys, especiallyet years, can clarify the status of

a relatively large proportion of species previousiysidered rare and/or threatened.

Species in vast, relatively homogenous arid-zorstegys are unlikely to be genuinely
rare unless they are restricted to specialisedresiticted habitats (Meyer 1986; Yates
et al. 2011). The main expressions of such habitats isteme Queensland are GAB
discharge springs and scalds (Fenslenal. 2011) and unusual habitats in Tertiary
sandstone ranges including barren plateaux, gamgdsscree slopes, which together
account for 84% of species meeting IUCN criterigef@ll, 86% of all species assessed
as vulnerable species are listed under criterion Dis is the least rigorous criterion
and is susceptible to being misapplied (Mateal. 2008), however we consider these
species, mostly woody shrubs and trees, are swrfitigi restricted to be considered
vulnerable under a precautionary approach. No actignagement is required to ensure
their persistence, however monitoring of long-liveerennials every 5-10 years will
provide information on population dynamics and deésy threats or declines. Only ten
listed species occur in widespread habitats, inoudwo assessed as endangered:
brachyanthus (mixed woodlands on sandy slopes) a@d suffruticosa (Mitchell

grasslands). Our results suggest that being syadsstributed across a widespread
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habitat is an unusual form of rarity (Rabinowiz al. 1986), rather than being

overlooked in the listing process (Mcintyre 1992ir@man 2002).

The area covered by most arid zone habitats isrge lthat only a tiny portion can be
surveyed. For example, 30 hours were spent segr@lirsites forActinotus paddisonii,
which amounted to 0.5Kirsearched (0.03% of 1680 krof mapped suitable habitat)
because visibility of this tiny forb in hummock gsdands is<4 m along any transect
walked. Similarly for Mitchell grassland forbs agdasses, between 33 and 150 sites
were searched for each species, but with deteityat@hging from 4-50 m, 0.2-0.004%
of each species’ potential habitat was searchederWhbur survey results are
extrapolated using the formula presented in thenblid (e.g. 2808.ctinotus paddisonii
were found in 0.03% of habitat searched), totalutepon estimates are very large (8.8
million plants in this example; Appendix 6-3). Suestimates are not unreasonable if a
species is found relatively predictably in a certhiabitat and habitat area can be
reliably estimated (Landsberg and Clarkson 2004y. ferbs and geophytes such as
Actinotusthese calculations are probably underestimateausecthe species may be
present at a site as dormant seeds or perennitdtook but not visible at the time

surveyed.

Extrapolations and inferences regarding area ofijmmacy and total population size are
unavoidable for species inhabiting vast habitdtss therefore important to accurately
record area searched and number of plants fouldsetrexplicit and conservative rules
for calculation of IUCN parameters. Riveesal. (2011) suggest that 15 specimens are
required to accurately calculate species rangepbpulation estimates, we suggest that
a species must be found at0 sites or havee5000 mature individuals before our

equation is applied.

Threats and fluctuations

Species which exceed thresholds for listing basedatural rarity (criterion D) can be
listed under criteria B or C if they meet at leasd of three additional criteria: (i)
known from few or severely fragmented populatiofi$, continuing decline, or (iii)

extreme fluctuations. Species can also be listgdrdéess of population parameters if
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they exhibit recent declines (criterion A) or higrobability of extinction (E) (Table 6-
1).

Assessing rates of decline in the arid zone isicdiff due to the long time scales
involved and life history strategies of many plamtich include episodic recruitment
and dormant phases (Keith 1998). However, even afgensive surveys, population
declines are documented for only six non-springcigse This runs counter to most
conservation planning documents which cite grabinglomestic and feral herbivores,
altered fire regimes and invasion by exotic speagedefault threats for most rangeland
species (e.g. Hartley and Leigh 1979; QueenslanéisPand Wildlife Service 1999;
Woinarski and Fisher 2003). There is no evideneg dttered fire regimes are a threat
to any candidate species in western Queenslandgrauhdcover in most habitats was
too low to support fire even after record-breakiwgt seasons (Figure 6-2p.
brachyanthusis threatened by exotic plants, with most of i&bitat invaded by the
introduced pasture gra€enchrus ciliaris while four perennial specieé.(ammophila,
A. crombiei, E. stenophylland S. argentenlack recruitment suggesting declines in
most populations under current grazing regimesedélide is strongly suspected for the
perennial vineR. linearis which is grazing sensitive (Parsons 2000) andeatiy

known from four tiny populations in Queensland,giessmany hours searching.

The tiny area of occupancy of GAB spring specienastly natural but compounded by
the extinction of many springs since pastoral sgiént because of aquifer drawdown
(Fairfax and Fensham 2002; Powetlal. 2013). While feral pig control and reduction
of total grazing pressure will help secure popoladi of the endangered spring
endemics, all remain inherently vulnerable due @émdgraphic stochasticity (Mac

al. 2008). Populations of listed species need to lgulagly monitoried to more

adequately determine population trends.

Under IUCN criteria, geographically restricted are species which exhibit extreme
temporal fluctuations can be listed if they are Wwnofrom <10 populations or are
severely fragmented, even without evidence of decl{Table 6-1). In reality,

fluctuations may be more apparent than real, whieeeabove-ground or detectable
abundance of plants changes dramatically but dvpogdulation when the seedbank

and/or dormant rootstock is considered remaingdivel§ constant. Furthermore, the
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annual nature of these species confers resiliemogrdzing as plants complete their
lifecycles rapidly in response to favourable coiodis (Diazet al. 2007; Silcock and
Fensham 2013). Thirty-two candidate species exleiiiteme temporal fluctuations in
above-ground dectetability and eight of these ar@wk from <10 populations and/or
are severely fragmented (Appendix 6-2). Althougthtecally eligible for listing all are
abundant, not declining and do not meet otherrait®r listing. We recommend that

the temporal fluctuation parameter be applied exélg critically for arid zone plants.

Survey effort in arid zones

While herbarium records provide a good startingipdhere is no substitute for surveys
to facilitate robust conservation assessments anlpaollected regions (Keighemst al.
2007). Searching for rare plants in such areasis-tonsuming and search efficiencies
vary widely according to visibility of plants inehfield and their period and frequency
of growth and/or flowering (Hall 1987PDur results suggest that targeted species-level
surveys provide good return for effort where his@lrcollection localities are known to

at least 5 km precision. For short-lived species geophytes, surveys must be
responsive to seasonal conditions, and examinafioainfall and flooding conditions
preceding previous collections is informative. Onthe habitat of a species can be
characterised, high-resolution satellite imagerghsas GoogleEarth is useful for

detecting suitable habitat within extensive unsyedeareas.

The most difficult species to search for will b@dk which occur sparsely across vast
habitats. While past records can provide a starpomt, surveys are likely to be
unsuccessful and time-consuming compared to spedgtbseasily-definable, specific
niches (MacDougalét al. 1998). In some cases, a species may be so rafieuldifo
detect and/or unknown that intensive field surveys not justifiable or practical
(Marcot and Molina 2007). Our experience suggdss guch species are most likely to
be found opportunistically, with four of the bigggebnds’ made outside of targeted
surveys: the initial sighting ofS. walkeri and the only large populations &f.
brachyanthus, Indigofera oxyrachis, Sauropus ranssgausfound in the study area.
This also highlights the importance of raising tefile of rare species amongst

botanists and land managers in vast, temporalfpbigr systems.
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Finding many arid zone species is a matter of larag their code’, whether this be
getting an eye for fine-scale habitat requirements vast landscape (e.tgeilema
calvum which is restricted to run-on areas and gilgaisMitchell grassland) or
identifying conditions which trigger rare ‘boom’ @wts. For numerous western
Queensland species, mass germination was triggeyeithe first substantial rainfall
after a sequence of dry years (&gwalkeri, Ptilotus pseudohelipteroiddgppendix 6-

3). Surveys in poorly-collected areas can also waicgoreviously unknown or
unrecognised taxa (Keighemst al. 2007), with these surveys finding at least three
previously unknown species, as well as numerousilptipns of undescribed species

previously known from one or two records.

CONCLUSIONS

The method presented here, involving (1) a commskie assessment of all taxa
occurring in a region to generate a list of cangidspecies, (2) systematic survey
program, and (3) explicit calculations and consis&valuation against [UCN criteria,
can be applied to any poorly-surveyed region. dunees little equipment — access to
electronic herbarium records (now widely availabligh digitisation of collections),
GPS, plant press, vehicle and mapping softwared-yeaids basic biological data which
is impossible to gather by any other means. Thisrmmation is vital to assessing
conservation status, particularly separating genuarity and declines from temporal
fluctuations and low collection effort. Our resulshow that in vast, relatively
homogenous areas where habitats have not beerastiaky modified, few species are
likely to be threatened and many are not espeadially, while specialised habitats may
harbour unknown and unrecognised species. This waak vastly simplified
conservation priorities and actions for western €qséand, with only GAB spring
species and six declining species requiring actieeservation attention and further
surveys recommended for five species. The studwarity not only enhances regional
conservation by honing threatened species prisribet also has the capacity to enrich

our understanding of underlying ecological processel patterns.
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CHAPTER 7.

CONCLUSION

In this final chapter | examine the hypothesesfpward in the Introduction, using the

results presented in this thesis and incorpordimdjngs from other studies. | discuss
which hypotheses are supported, which are refutdcheeas where uncertainty remains,
and the implications for conservation and land ngan@ent in inland eastern Australia.
Directions for future research are identified. T&esnclusions are then considered in
the context of recurring debates and narrativeslanidscape change that have

characterised rangeland science and policy gloloakly the past century.

Testing degradation hypotheses for inland eastern dstralia

Table 7-1 summarises the five hypotheses, methseld for testing each as explored in
this thesis and a brief outline of my interpretatidoased on available evidence. Each
hypothesis is considered in detail below, with refiee to other relevant studies from

inland Australia.

Hypothesis 1. There will be clear evidence of laage change in the historical record,
particularly with regard to vegetation structureandscape processes and relative

abundance of native plant and animal species.

Six hypotheses regarding landscape change aredeoediin detail in Chapter 2, and
here | provide a brief summary. The explorer recoedeals little evidence of
unidirectional vegetation change across inlandeeasfustralia. Explorers recorded
large areas of dense woodland and scrub, partigutadgee Acacia cambagei
brigalow A. harpophylla and mulga A. aneur3-dominated communities in the semi-
arid zone, and there are no geo-referenced obgmrsabf open country now
characterised by thick vegetation. Fire was rarabntioned, with the exception of
Aboriginal burning of spinifex-dominated commungjegrasslands on the eastern edge
of the semi-arid zone and some watercourses. Niogehen waterhole permanence was
evident for most rivers and creeks, although theréentative support for anecdotal
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observations of silting in areas of the upper LEkee Basin. Large macropods appear
to have increased dramatically in the semi-aridezevhile there are numerous explorer
records of medium-sized mammals that are now lp@adtinct or reduced to fragments

within their former range.

Table 7-1. Summary of hypotheses tested in thesmethods used and brief
interpretation of evidence

Hypothesis Method/s Interpretation

1. Landscape Explorers No unidirectional change in vegetationctre or fire
change in regimes; more macropods in semi-arid areas; nuraerou
historical record mammal extinctions.

2. Shiftsin plant  Exclosures; Little evidence of irreversible degradation at tgilevels of
species abundancewater remote grazing in systems studied. Alterations in plamhposition

+overall declines gradients range from negligible to moderate, but no overadlithes in

in diversity diversity documented.

3. Lower Explorers; Generally little evidence of widespread soil losd associated
groundcover and exclosures silting of waterholes. Substantial soil loss intpaf the Mulga
erosion Lands cannot be ruled out, however grazing-indwedion

may be less severe than thought, and perenniadegasmain
abundant across large areas following good sumangfial.

4. Decline of Explorers; Very few plant species have declined to the exteattthey are
sensitive species exclosures; rare at a landscape scale, and threats were doteaiien only
water remote six non-spring species. Mammals, particularly thosthe

gradients; critical weight range, have fared catastrophicatiynarily due
rare plant to introduced predators. Strong evidence of deglare
surveys documented for only two bird species and no repiitehe

study area, although many are poorly known.

5. Invasion by General Five introduced plant species have widespread itepgac
exotics landscape ecological structure and function; others remainficed to
observations small patches or disturbed habitats. Feral presidtave had,
and continue to have, catastrophic impacts on @ati@mmals.

Some of these findings, particularly regarding theerrelated topics of vegetation
structural change and fire regimes, run countegprévailing paradigms. In particular,
Acacia-dominated woodlands and shrublands in thei-aed zone are generally
purported to have thickened since pastoral settign@imarily due to preferential

grazing of grasses, reduced fire frequency anddesgetition for shrub species (Noble
1997; Beale 2004; Witt 2013). However, the explosmord provides strong evidence
that pre-pastoral semi-arid Queensland was a magaopen plains, lightly wooded

downs, grassy woodlands and dense sometimes inmgkleescrubs, which explorers
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tried their best to avoid or struggled to forge ahpthrough. Other studies that have
employed the historical record systematically alseveal little evidence of
unidirectional vegetation change (Denny 1987; Famsét al. 2011a). These findings
are supported by the results of (Watt al. 2006; Wittet al. 2009), who found only a
modest average increase in canopy cover and stibsteariation between sites in the
central and eastern Mulga Lands since the 195@spéhiod when major thickening is

purported to have occurred.

This interpretation suggests that the role of ifireshaping vegetation structure in these
communities, particularly in ‘thinning ouAcaciaand shrubby species, may also have
been overstated. There were no references torfireulga communities in three early
explorer journals examined (Kennedy and Turner,71&Ad Landsborough, 1862),
encompassing >800km travelled through mulga woat#iamcluding in summer when
Aboriginal people were noted firing the spinifexoand Charleville and Cunnamulla.
This is consistent with data from eastern Australiaulga communities showing that
even in long-ungrazed exclosures there is not@eafft biomass to carry fire except
following a sequence of above-average rainfall sensnfHodgkinson 2002; Fensham
et al. 2011b). A review of newspaper articles, histori@atounts and interviews with
long-term landholders indicates that extensive fivéd tend to occur every 30-50 years,
most notably in the 1880s, 1950s, 1970s and 2012-20nly high-intensity fires cause
substantial death of mature mulga and such firgscajly stimulate mass seedling

germination of up to 530 000 seedlings per hedtar8ilcock, unpublished data).

In contrast toAcaciadominated woodlands of the central and easterrgdublnds and
Mitchell Grass Downs, where the historical recomesl not indicate unidirectional
vegetation change, available evidence points tosvardubstantial increase in canopy
cover in the Mulga Lands of south-western Queewslamd adjacent northern New
South Wales (Noble 1997; Witt 2013). The dominantehis ‘delicate and noxious
scrub’ over large areas is considered the majorifesation of grazing-induced land
degradation (Condon 1986; Millet al. 1989; Daly and Hodgkinson 1996).
Unfortunately there are no explorer journals tovpte pre-pastoral insights into the
original vegetation structure of the western Mulgmds. However, perceptions of a
general thickening trend are supported by post-4 @bial photography, which shows

dramatic increases in shrub cover on rocky andysaed soils in Queensland’s south-
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western Mulga Lands (Witt and Beeton 1995; Wittal. 2009). This coincided with an
overall decrease in grass abundance as inferred dralysis of sheep faeces deposited
under the Currawinya shearing shed (Wittal. 1997). However, the drivers of this
woody thickening, particularly the relative inflen of climate and pastoral

management, remain uncertain.

There are few studies quantifying the effect o# fin the Mulga Lands, mostly due to
the difficulty of getting a fire to carry in mostasons (Jones and Burrows 1994). Of the
major species considered ‘woody weedstemophila mitchellii E. sturtii and E.
bowmanii display high survival rates after fir§enna artemisioideand Dodonaea
viscosasurvival is variable and dependent upon burningddens, andE. gilesii
seldom resprouts (Moore and Walker 1972; Wilson Ehuidham 1979; Walkeet al.
1981; Hodgkinson 1998; J. Silcock, unpublished Jd&a&cently-established seedlings
of all species are nearly always killed by fireoftgkinson and Harrington 1985) argue
that prior to European settlement, widespread shstidiblishment events and conditions
promoting wildfire were closely coupled, so thatridg uncommon periods of high
rainfall there was widespread germination and distabhent of shrubs at the same time
as abundant grass growth predisposed the plant oaityrio being burnt, killing most
of the seedlings. Thus even though fires were guieat, occurring perhaps every 25-30
years, they were pivotal in determining ecosysteoctire.

Alternatively, Wittet al. (2009) hypothesise that woody vegetation covesigecially
dynamic in the lower-rainfall western Mulga Lanés: extended dry period in the first
half of the 20th century meant that by the 1940syraxreas had relatively low woody
vegetation cover. With two exceptional ‘wets’ oaoog in the mid-1950s and 1970s,
the magnitudes of which were more pronounced inwestern Mulga Lands than
central and eastern regions, shrubs germinatedyvd rapidly with little mortality of
the 1950s cohort before the 1970s seedlings becastablished. This scenario
emphasises climate-driven dynamism of woody vemetatver century scales. Death of
shrubs and mulga in some areas during dry yeateirearly to mid-2000s provides
some support for this hypothesis. However, this was sufficient to substantially
reduce shrub dominance in most areas (Norgtaad. 2014; J. Silcock, pers.obs.). The

most feasible interpretation supports the principé of climate in establishment and
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mortality of shrubs, with grazing impacts and restlcfire frequency perhaps

contributing to a general thickening trend.

Increases in shrub density are not necessarilyceted with declines in ecosystem
function and cannot be universally viewed as a sgmpof degradation (Eldridget al.
2011). Recent data from western New South Walew shat there are positive effects
of individual shrubs on plant and soil attribute®m at levels of shrub encroachment
representative of the maximum registered for inlaadtern Australia (Soliveres and
Eldridge 2014), as well as demonstrating the rélshoub patches as habitat for native
fauna (Daryanto and Eldridge 2012) and understplayts (Howarcet al.2012).

The only area where there is clear evidence oftanbal change in the explorer record
is mammal abundance. While the decline of ‘critisaight range’ mammals is well
documented (Johnson 2006), increases in large paasoin the semi-arid zone are
based on anecdotal reports and remain contentiuily 2004). The explorer record
provides unique pre-pastoral insights, and the oggchl impacts of the apparently
dramatic increase in wallaroos and grey kangareossémi-arid Queensland are

discussed below.

Hypothesis 2. Shifts in plant species abundancé el detectable under different
management regimes, with palatable and perenniatiss replaced by unpalatable
and annual species in grazed areas, and an oveledline in plant species diversity

particularly in low productivity environments.

Data from long-term grazing exclosures revealslelitevidence of irreversible
degradation at typical levels of grazing in mulgmests, dunefields, floodplains or
Mitchell grasslands. The floristic composition afngfields and floodplains in north-
eastern South Australia seem to be largely unatetty domestic grazing, with no
significant differences between grazed and ungrasadments in total species richness
or abundance, life form richness or abundance, esbdteous biomass. No species
displayed consistent increasing or decreasing sravith grazing. These results suggest
that non-equilibrium vegetation dynamics (Ellis éwift 1988; Briskeet al. 2003) are
prevalent in the annual-dominated systems whichacierise the more arid parts of the

study area.
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Grazing effects were detected in the perennial-dated mulga and Mitchell grassland
exclosures. In the low-productivity mulga forestsypotheses regarding species
diversity and composition (Cingolamt al. 2005) were somewhat borne out, with
annuals favoured by grazing and highest specidsegs for most lifeforms in the
macropod-grazed treatment, an intermediate gradistgrbance that best approximates
the evolutionary history of the environment. Pdisggperennial grasses decreased but
were not eliminated from grazed areas, and no epegere found only in ungrazed
treatments. Overall, the findings are not conststéth established assertions that long-

grazed mulga has crossed functional thresholddith&trecovery.

In the Mitchell grasslands, livestock grazing atkplant composition but did not cause
declines in dominant perennial grasses or ovepmkties richness. Neutral, positive,
intermediate and negative responses to grazing veeaded, but no single lifeform
group was associated with any response type. Rsshared abundance of annual grasses
were lower in the ungrazed treatment, perenniab lesundance was significantly
higher in macropod-grazed than open-grazed, andahierb abundance significantly
lower in open treatment than other treatments. Wgiterm seedbank study near Julia
Creek in the northern Mitchell Grass Downs founghleist species richness in the soil
seedbank at the lightest grazing intensity (Orr Bhdlps 2013). However, this decline
in diversity with continuous grazing does not seenbe a general trend across these

grasslands.

Fenshamet al. (2010a) recorded floristics along grazing gradiem relatively
productive swales in the Simpson Desert dunefialtt found some grazing-sensitive
plant species, but just as many that had benefiited twenty years of cattle grazing.
There were almost no trends between grazing irtiearsd species abundance, richness
and diversity at small or large spatial scales, sratle differences in soil characteristics
had a more substantial influence on floristic cosijpan than grazing. In central
Australian mulga and chenopod-dominated communitiaadsberget al. (2003) also
identified numerous ‘increaser and ‘decreaser’cgse but found little apparent effect

of distance to water on overall species diversity.
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Current grazing practices seem consistent with exmasion of plant species diversity
across most of inland eastern Australia, and resiitim exclosures and grazing
gradient studies do not indicate a wholesale reoluch diversity at regional scales as
would be expected with irreversible degradation.ilé/lsome species, particularly
palatable grasses, decreased in mulga and Mitgtadklands, none were eliminated. It
seems that non-equilibrium vegetation dynamics mlag prevail in some perennial-
dominated systems due to the sporadic nature ofathin inland eastern Australia. In
good seasons, available forage is sufficiently daan that stocking rates are rarely
high enough to inhibit seed-set of even most phlatapecies. During extended dry
periods these perennial-dominated systems are yriusté ground, with many shorter-
lived grasses dying and persisting in the seedi{Bnéwn 1986; Grice and Barchia
1992; Orret al.1993) or the dominant perennials being reducedigs or stubble (e.g.
AstreblaspeciesChenopodium auricomumLivestock cannot be sustained and must be
removed, ensuring persistence of palatable perisniibe notable exception is mulga
communities where the palatalfleacia aneuracan be pushed to sustain stock through
drought, and this is considered a major factor ippabing these communities to
degradation (Jones and Burrows 1994; Beetaal. 2005). While this may contribute to
the greater floristic differences between grazmegtiments relative to the other systems

studied, assertions of irreversible degradatiomatesupported by available data.

Hypothesis 3. The resulting lower groundcover, esplg during drought, will lead to
accelerated soil erosion, loss of nutrients, saajdand associated silting of creeks and

waterbodies.

As discussed under hypothesis one, there is éitldence of silting from the explorer
record. While waterholes in localised areas, paldity the upper Lake Eyre Basin,
seem to have become shallower, in other regioms &rzelecki Creek) the explorer
record refutes popular assumptions of massive lssg and associated silting of
waterholes in the early years of settlement. Tiisdnsistent with negligible grazing
impacts found in the dunefields and floodplainshi$ area (Chapter 3). Fenshairal.
(2010a) found no perennials that responded nedptivegrazing that would seem to
have an important role in stabilising soils in Benpson Desert swales, while in the
Mitchell grasslands the dominaAistreblagrasses were not significantly reduced by

typical levels of grazing (Fenshamhal.2014).
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It is the Mulga Lands of southern Queensland anthem New South Wales where
soil loss is considered to be severe and indicativevidespread degradation. Miles
(1993) used concentrations of Caesium-137 in sofilps to examine soil movement in
Queensland’'s western Mulga Lands. Caesium-137 tisamaturally-occurring isotope
S0 can be used to measure erosion or depositiae sitmospheric testing of nuclear
weapons began in the mid-1950s (Magital. 2008). These results suggest that an
average of 20-30 mm of soil have been lost througter and wind erosion, with losses
significantly higher from areas of bare ground d@hdse dominated by green turkey
bush Eremophila gilesi. Most of this soil was lost from entire ‘catchn®nrather
than being locally deposited on valley floors.dtwell-established that loss of topsoil
results in loss of nutrients, decreased infiltratand declines in pasture productivity,
and these impacts were quantified experimentallyMags (1993). Combining these
results with the visual degradation assessmentslikd et al. (1989), Miles (1993)
estimated that 30% of the Mulga Lands may be egpemg an 84% decline in plant
productivity. If the Mulga Lands have lost as mushbil as Miles posits, then
degradation has certainly occurred and is likehyéoirreversible in severely eroded

areas.

There is evidence from the mulga exclosures ofesmmd perennial groundcover, with
yields and thus grass cover significantly higheumngrazed areas. However, perennial
grasses persisted under typical stocking ratethéoregion at all sites, and much of the
mulga country is still dominated by perennial gessafter good summer rainfall,
including high densities of palatable ‘decreasatsth asThyridolepis mitchelliiand
Monachather paradoxaScalded eroded areas and those dominate&rbgnophila
gilesii, which together comprised Miles’ ‘degraded’ categ® often occur in the same
paddock as extremely grassy areas, forming a mo$apparently degraded and good
condition patches which have been subject to idahthanagement history. The Mulga
Lands are spatially patchy at a variety of scaBesrows and Beale 1969; Tongway and
Ludwig 1990; Anderson and Hodgkinson 1997), ars@ms that at least some of these
differences are due to inherent soil or landscdya@acteristics rather than representing

states along a degradation gradient.
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Miles’ (1993) results provide some support for thgerpretation, with electrical
conductivity significantly higher in the sub-sodQ-100 mm depth) at his eroded sites
(see also Bakeet al. 1992), suggesting inherent sodicity and suscdiyibio water
erosion (Rengasany and Olsson 1991; Shaiwal. 1994). Areas dominated by
Eremophila gilesiialso display subtle but significant differencessail characteristics,
including lower acid extractable phosphate andh8iijghigher levels of potassium,
which may be at least partly responsible for ddferes in vegetation. If areas
dominated by unpalatable shrubs or devoid of palatperennial grasses are a natural
feature of the landscape at least at certain tithes; widespread use as indicators of
degradation is fundamentally flawed. Some eros@matural in the Mulga Lands,
which are characterised by large areas of barengratter extended dry periods even in
lightly grazed areas. Grazing can accelerate ttosgss (Greene and Tongway 1989;
Greeneet al. 1994), however quantifying the degree to whicls #riosion is above the

natural background rate is very difficult.

The explorer record sheds light on unvegetateddstawhich are often interpreted as
signs of degradation where grazing has denudedhdroaver and accelerated erosion
(Condonet al. 1969; Millset al. 1989). Extensive scalded areas along the Barcoer Ri
predate pastoralism. Kennedy passed over ‘parctaahtry ‘completely destitute of
vegetation’ between the Barcoo and Douglas Pondekcnear Blackall (4 August
1847). Further west, he wrote: ‘The last 11 miléshes days journey has been over a
dead flat or plain...It consists of a white clay t@ied and cracked and totally devoid of
vegetation’ (30 August 1847). Three days latertls@mf Windorah, he concluded his
journal entry: ‘This makes the fourth night our $®s have been obliged to go without
grass for not a blade is visible in any directi@@’'September 1847). Gregory traversed
the same area in 1858 and also struggled to fiedjwate feed for his horses, writing
that ‘nothing could well be more desolate thanuhbounded level of these vast plains,
which, destitute of vegetation, extended to thazoor (23 May 1858). The historical
record suggests that scalds in the study area e@xfressions of salt in the landscape
rather than symptoms of land degradation, whilgdaareas of floodplain have always

been completely barren during dry times.
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Hypothesis 4. Some plant and animal species wilkhaecome rare or disappeared

from the landscape.

A small number of plant species are disfavouredytazing in mulga (Fenshast al.
2011b), Mitchell grasslands (Fisher 2001; Fenslearal. 2013; Orr and Phelps 2013)
and the Simpson Desert (Fenshainal. 2010a). The most dramatic decline (>40%
reduction in abundance) was documented for the anrgrass Chionachne
hubbardiana This grass is not generally considered an imporizomponent of
Mitchell pastures (Phelps and Bosch 2002), butreswlts indicate that it was probably
a major component of grasslands north of the TragficCapricorn prior to the
introduction of livestock grazing. Most of the otlspecies with negative responses to
grazing were perennial grassédofiachather paradoxand Thyridolepis mitchelliana
in the mulga, anddichanthium sericeummar. sericeum Aristida latifolia and Panicum
decompositunin the Mitchell grasslands) and perennial vin€sr{volvulus clementii
and Glycine clandestinan mulga andipomoea lonchophyllawhich had maximum
abundance in macropod-grazed treatment in the klitgnasslands). Other studies in
Mitchell grasslands also identify ‘decreasers’ luding numerous leguminous species
(Orr 1981; Orr and Phelps 2013). In the SimpsoreRgesvo annual grasses, an annual
forb and a perennial shrub displayed decreasingd$rend seem to be preferentially
grazed. These decreaser species are probably besslant than in the pre-pastoral
landscape. However, all remain widespread and camimahe grazed landscape and

none have declined so dramatically to be considenedat a landscape scale.

Grazing gradients in the Simpson Desert and GreygRaevealed no evidence of plants
that are so sensitive that the can only survivevater remote areas. In the Simpson
Desert, Fenshamet al. (2010a) found only one species, the widespreadianiorb
Swainsona microphyllavhich was restricted to areas of extremely loazgrg pressure
and it was so infrequently recorded that it cowdgtdnoccurred there by chance. All rare
and threatened plant species in the Grey Rangeexhow association with sites far
from water (Chapter 5). These results contrast wither studies which posit that
grazing-sensitive species have declined at a rabiscale, and some are only able to
survive in grazing refuges far from water (Jaraeal. 1999; Fisher 2001; Landsbesy

al. 2003). The major study which presents quantifiathdo support this theory for the

Australian arid zone (Landsbegj al. 2002) employs an analysis based on relatively
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few sampling stations across a broad range of emwvients. The limited statistical

power associated with infrequent species necessitaution in interpreting responses
to grazing, particularly of apparent decreaser igge(Fensham and Fairfax 2008).
While the association of grazing-sensitive planighwvater-remote refuges has not
been established for any species, the conclusidamdsberget al. (2003) that there are

more species consistently favoured by water-renestenthan disfavoured appears
robust (Fensham and Fairfax 2008).

An alternative approach, then, is to survey forcggeconsidered to be potentially rare
and/or threatened and assess their viability ingitezed landscape. Targeted surveys
(2800 hours) for plant species considered to be amd/or potentially threatened in
western Queensland revealed many to be widespme@ddalbundant at least in good
seasons. Their apparent rarity was due to sparbectbons across vast and often
inaccessible areas combined with temporal raritysfort-lived and geophytic species.
Large (>1000 plants), healthy and regenerating ladipns of 61 of the 91 species
(67%) considered to be potentially rare and/or dteeed were found (Chapter 6).
Although 27 species will remain listed under IUChtaria by virtue of being naturally
restricted, only six non-spring species are threadeor declining. This runs counter to
most conservation planning documents which citezigga by domestic and feral
herbivores and altered fire regimes as defaultatsréor most rangeland species (e.g.
Hartley and Leigh 1979; Queensland Parks and Vigl@iervice 1999; Woinarski and
Fisher 2003).

Acacia ammophilaand A. crombiei and Eremophila stenophyllgall assessed as
vulnerable, B2) are long-lived trees or tall shrudsich are heavily grazed by goats
and/or cattle with little or no recruitment aB85% of populations. The short-lived
endangered forPtilotus brachyanthusvas found at just three small highly disjunct
populations in 25 hours targeted searching, dispégtreme temporal fluctuations and
most suitable habitat is invaded by the introdugasture grass Cenchrus ciliaris. Both
Rhynchharena linearignd Sida argenteaare grazing-sensitive and currently known
from <10 small populations in Queensland despiterestve searching, and are assessed
as near threatened. The tiny area of occupancyedt@rtesian Basin spring species is
mostly natural but compounded by the extinction naéiny springs since pastoral
settlement (Fairfax and Fensham 2002; Poetedll. 2013).
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Five species remain too poorly-known to make rolmostservation assessments. One
population each d¥ittadinia decoraNymphaea georginaandAustrostipa blakewere
found during surveys, while two speci&péthia neurosandSwainsona similjswere
not found despite 15 and eight hours targeted bBeeffort respectively. Apart from
Vittadinia decora(listed as near threatened), none are currerdtgdi under state or
federal legislation and further surveys at appetprtimes are required to ascertain their
status. Overall, there is no evidence that anytmaecies have become extinct since
pastoral settlement, and only a tiny fraction hdeelined to the extent that they have

become rare at a regional scale.

In stark contrast, extinctions and declines of fery abundant mammals, particularly
ground-dwelling species falling within the CritidAleight Range (35 — 5500g; Johnson
and Isaacs 2009), can only be described as caihgtroNineteen mammals have
disappeared from inland eastern Australia, whiléudher 12 are listed as either
Endangered or Vulnerable and nine as Near ThredtéWoinarksi et al. 2014;
Appendix 7-1). Flow-on effects of some mammal dexdi on ecosystem structure and
function have been documented, however their fagnitude will remain speculative
for many species (Johnson 2006; Nafti@l. 2007; Eldridge and James 2009).

Birds and reptiles have fared better, with no rdedrextinctions from inland eastern
Australia. Of the 17 birds (including subspecieshich are listed or considered
potentially rare and/or threatened, 14 show noengd of decline in the study area
(Garnettet al. 2011), while there is no evidence that any repfiiave declined (Wilson
and Swan 2010). However, there are historical deslidocumented for some unlisted
species (Franklin 2000), while many species remam poorly known to allow
confident assessments of their status and theiraibt restricted distributions render
them vulnerable to impacts from concentrated gppiessure and wildfires (Appendix
7-1). Many threats implicated in fauna declineshsas broadscale vegetation clearing,
conversion of grassland to cultivation and desionobf wetlands are occurring in more
mesic areas on the fringes and beyond the study Attered fire regimes are a major
factor implicated in ongoing declines of bird sgsciacross northern Australia
(Woinarski and Legge 2013), and may also affecdsiin spinifex-dominated
communities in the study area (M. Tischler, pemsen). As for plant species, the

endemic fauna of GAB springs, including eight fis38 molluscs and numerous
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invertebrates, have also declined with the destmoof their habitat (Ponder 2003;
Fenshanet al. 2010b).

Mirroring the results of rare plant surveys (Cha@ recent fauna surveys in the
eastern Mulga Lands (Teresa Eyre, Stephen Peck,cperm., June 2014), Mitchell
Grass Downs (Alicia Whittington, pers.comm., Jurtd4), and the Simpson Desert
(Dickman 2013) have revealed that some speciesideyes rare or restricted are
actually quite common and widespread, at leastentam seasons. Woinarskt al.
(2014) cite numerous species which recent survai®afing good seasons have shown
to be more widespread and/or abundant than prdyiotught, including the
Carpentarian antechinuBgeudantechinus mimubsiulia Creek dunnarSminthopsis
douglas) and dusky hopping mousalgtomys fuscysin the study area. The cryptic,
irruptive and/or highly nomadic life histories ofamy arid zone fauna species, the night
parrot Pezoporus occidenta)ideing the classic example, adds an extra confagnd

element to the challenge of detecting rarity amdah

A range of factors are commonly implicated in awhe fauna declines and extinctions,
primarily introduced predators, habitat degradationappropriate fire regimes,
competition from introduced herbivores and intamact between these factors (Morton
1990b; Reid and Fleming 1991; Dickmanal. 1993; Smithet al. 1994; Lunney 2001;
Woinarskiet al. 2014). In many cases, particularly where declwese rapid, causes
remain poorly understood and debate continues dker relative importance of
introduced predators and habitat degradation. €kelts presented in this thesis, which
show that changes to vegetation and fire regimedess severe than often assumed,
support the argument of Johnson (2006) that intedupredators are primarily
responsible for mammal declines. Feral cats arfdas are directly implicated in the
decline of 28 mammal species in the study arealewthiere is strong correlative
evidence of negative impacts of domestic and/aal fieerbivores for only four species
(Appendix 7-1). The timing of extinctions also sopg this hypothesis, with many
species disappearing before pastoralism or rabbidsbecome established in more arid
areas, whereas feral cats had colonised all of rAlistby the 1890s (Abbott 2002;
Woinarskiet al.2014).
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While the impacts of introduced herbivore grazingynexacerbate predation pressure in
some cases (Moseby and Kemper 2008), a more tritigaof rabbits was probably in
supporting high densities of foxes (Johnson 2086Jrowing body of evidence points
to a substantial role for dingoes in limiting formdacat numbers (Johnsen al. 2007;
Kennedyet al. 2012), and their continued persecution in sheeptam lesser extent
cattle rangelands may represent the major impagpastoralism on the remaining
mammal fauna. Expansion of artificial watering gsialso has the potential to facilitate
the incursion of introduced predators into formenigterless areas (Brandde al. 1999;
McRae 2004). Both topics are the subject of ongdelgate and research.

Hypothesis 5. Introduced species of plants and alsiwill have proliferated, changing

ecosystem structure and function.

Although more than 200 exotic flora species havenbeecorded in the study area
(Queensland Herbarium records, accessed July 261abt are restricted to disturbed
areas such as townships, homesteads and roadsidbaye become naturalised as
scattered components of native vegetation comnasniiith little ecological impact
(e.g.Sonchus oleraceus, Cynodon dactylon, Echinochlt@neaoVerbesina encelioides,
Argemone ochroleugaOnly a fraction of these have proliferated te #xtent that they
substantially impact ecosystem structure and fondfTable 7-2).

Buffel grass Cenchrus ciliari$ is the most widespread exotic species in inlaastezn
Australia, and the one with the clearest ecologitglacts. It is somewhat restricted by
soil type, forming dense swards on sand ridgesenMulga Lands and Mitchell Grass
Downs, lighter-textured soils within Mitchell grdessds, cleared areas and poplar box
remnants in the eastern Mulga Lands, pulled gidgeebrigalow, and along creeklines
in a variety of vegetation communities. Data cdbecfollowing recent wet summers
indicate that it continues to expand in some ar@@nshamet al. 2013). The
biodiversity and ecological impacts of buffel grase well documented (Franks 2002;
Butler and Fairfax 2003; Smy#t al. 2009; Milleret al. 2010), however it is productive
and nutritious fodder for cattle and continues éopbomoted by some pastoralists and
there is little prospect for control once it hasdiae established (Friedet al. 2011).
Other exotic grasses such as lovegrdssadrostis trichophorg and Indian couch

(Bothriochloa pertuspseem to be mostly restricted to roadsides irsthdy area.
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Table 7-2. Major introduced plant species* recordedrom the study area, and their

distribution and impact

Species

Distribution/habitat

Ecological impacts

Cenchrus ciliarigbuffel
grass)

Widespread; forms dense swards on sand ridges
the Mulga Lands and Mitchell Grass Downs, lighté
textured soils within Mitchell grasslands, cleared
areas and poplar box remnants in the eastern Mu
Lands, pulled gidgee and brigalow, and along cre
in a variety of vegetation communities

rReduced diversity of native
srspecies (Franks 2002;
Jackson 2005); increased
gatensity and frequency of
bifises (Butler and Fairfax
2003; Milleret al.2010)

Acacia nilotica(prickly
acacia)

Northern Mitchell Grass Downs; densest infestatid
in Winton-Hughenden-Julia Creek triangle

rmSonversion of grassland
into thorny shrubland and

Prosopisspp. (mesquite
complex, include®.
pallida, P. glandulosa, P.
veluting

Scattered throughout area, mostly isolated trees
around bores and yards, with denser infestations
northern Mitchell Grass Downs and on Bulloo Riv:
(the latter seems to be contained)

loss of groundcover
n(Parsons and Cuthbertson
012001; Grice 2004, 2006);
also potential impacts on
grassland fauna (Lundie-
Jenkins and Payne 2000)

Parkinsonia aculeata
(parkinsonia)

Rivers, creeks, swamps and floodplains througho
the area, except for far south-west

utCan form dense stands in
formerly open areas

Cryptostegia grandiflora
(rubber vine)

Mostly restricted to the northern study area,
particularly the Gulf-flowing Rivers and the upper
Thomson and tributaries, with occasional records
elsewhere; very dense on northern springs of
Barcaldine supergroup

Smothers native plants ang
forms dense thickets
(Parsons and Cuthbertson
2001; Grice 2004)

Xanthium occidentale
(noogoora burr)

Widespread along drainage lines and floodplains
throughout the study area

Can form dense swards,
excluding native species
(Parsons and Cuthbertson
2001)

Eragrostis trichophora
(lovegrass)

Mostly restricted to road edges, where it formssde
but narrow swards; seems to be expanding with
increased slashing and disturbance of roadsides

with few native species
persisting

nForms monocultural swards

D

Urochloa mutica(para
grass)

Isolated occurrences in GAB springs and bore-dra

liigcattered/localised in study
area, so no widespread

Ziziphus mauritiana
(Chinee apple)

Scattered through northern Mitchell Grass Downs
and North West Highlands

environmental impacts in
study area.

Parthenium
hysterophorus
(parthenium)

Mostly restricted to roadsides and disturbed aireas
south-east of region, with scattered records
elsewhere (mostly roadsides and disturbed areas

Tamarix aphylla(athel
pine)

Mostly confined to planted specimens around
homesteads, yards etc, but situation on Finke Riv
south of Alice Springs shows it can form infestatio
on floodplains

Cylindropuntia &
Opuntiaspp. (cactus)

>14 species in complex; mostly scattered infestati

Jatropha gossypiifolia
(bellyache bush)

Infestation in Muttaburra area + in North West
Highlands

Bryophyllum delagoense
(mother-of-millions)

Isolated infestations known on creeks in eastern
Mulga Lands and south-eastern Mitchell Grass

Downs

* Numerous other weeds occur in the study areafutestricted to roadsides and other disturbeasare
e.g.Melinus repens, Bothrichloa pertusdome are considered serious environmental weetigher
rainfall climates, but have not spread beyond lyiglidturbed areas in the study area.
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The biggest impact of pastoralism in Mitchell gtasds is probably the spread of the
woody leguminous trees prickly acaciAcécia niloticg and, to a lesser extent,
mesquite Prosopisspp.), which have transformed over 60 000 km2rasgjand into
thorny scrubland (Osmond 20003; Spies and MarciR(QDattle ingest the pods of
both species and are a vector for seed dispersalv(Band Carter 1998; Brown and
Archer 1999). Prickly acacia infestations are dehsa the triangle bounded by
Hughenden, Julia Creek and Winton in the northezadtlitchell Grass Downs (Figure
6-1), while mesquite currently occurs mostly adatenl trees around watering points
and yards throughout the study area, with disctetese infestations in the northern
Mitchell grassland and, prior to control, on thellBo River floodplain. Numerous
wetland weeds occur on rivers, floodplains, sprirgsd boredrains, the most
widespread being parkinsonidPdrkinsonia aculeata Noogoora burr Xanthium
occidental¢ and rubber vineGryptostegia grandiflora Other weeds in the study area
tend to occur as scattered infestations (Table. F@juitously, the harsh and variable
climate, particularly in more arid parts of thedstutarea, seems to limit the spread of
numerous exotic species which have become probienmathigher-rainfall areas,

although this does not negate the need for cordinigglance.

As discussed above, introduced cats and foxesarmajor cause of mammal declines,
represent the greatest ongoing threat to survitimgatened fauna and appear to be
responsible for the striking disparity between daim fauna declines and the
persistence of the arid zone flora of inland easkarstralia since European settlement.
Introduced herbivores occur patchily across tha.aRabbits were historically in plague
proportions throughout large areas south of thepi€r@f Capricorn and had severe
impacts on native species, particularly perenniasges and shrubs (Forainal. 1985;
Lange and Graham 1985). Their decline since thedoction of myxomatosis and
calici virus in the 1950s and 1990s respectivelg BHowed regeneration of many
perennial shrubs and trees (Sandell and Start 19@9)ever they continue to inhibit
recruitment of some species (Denham and Auld 2G4k and McPhee 2007).

Feral camels roam the Simpson-Strzelecki dunefieldd heavily browse preferred
woody species (David Albrecht, pers.comm.), althotigere is little quantified data on
their impacts (Edwards 2010). Goats occur patchdsoss the study area (Pople and

Froese 2012), and can have a severe effect onmaremgetation where they are in
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high densities (Parkest al. 1996). However, the nature and severity of theggacts
are not well documented (Edwaresal. 2004; Hacker and Alemseged 2014). Pigs are
concentrated around wetlands and their foragingranting can have substantial local
impacts (Hone 1995; Choqueneit al. 1996). Exotic and translocated aquatic species,
particularly gambusia Gambusia holbrookji and redclaw crayfish Qherax
quadricarinatu$ in the Lake Eyre Basin and car@yprinus carpip and goldfish
(Carassius auratus auratusn the Murray Darling Basins, pose a major threathe
biological integrity of inland waterways (Haynesal. 2009; Kerezsy 2010), and to the

survival of native fish in Great Artesian Basiniags (Kerezsy and Fensham 2013).

Assessment of degradation, conservation prioritieand further research

Overall, there is little evidence for irreversildlegradation of the soils and vegetation of
inland eastern Australia, and the results presemeeel generally suggest less ecological
change than prevailing paradigms. This is not tp that there are no examples of
overgrazing, accelerated erosion, species decindsweed invasion. Heavily grazed
areas close to water points have certainly bormehttunt of grazing pressure with
associated biotic and abiotic effects (Andrew aadde 1986a, b; Williamet al. 2008;
Eldridgeet al. 2011). Even relatively resilient communities sashMitchell grassland
can be severely impacted by consistently high stgckates (Hall and Lee 1980; Orr
and Phelps 2013), while differences in species amitipn due to grazing will be
detectable in many areas. However, climate fluatnat and subtle soil differences
often have greater effects on floristic compositiban grazing, and the conservation of
plant biodiversity is largely compatible with commial pastoralism across most of the
study area. The main unequivocal examples of degjcaad are the loss of a suite of
medium-sized mammals, extinction of GAB springs dheir dependent organisms
through aquifer drawdown, and invasion of prickhylgs and buffel grass which have
altered ecosystem structure and function acrogs lareas.

This makes priorities for conservation relativetyagghtforward. Conservation of the
remaining GAB springs and their endemic speciea riority. The Great Artesian
Basin Sustainability Initiative (GABSI) bore capgiprogram has made considerable
progress but large flowing bores remain very clégsesome high-value springs,

particularly in the Eulo district, highlighting thegent imperative to rehabilitate bores
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that may be critical for the preservation of thenaning springs (Silcockt al. 2014).
Other strategies are site-specific and include ifgpcferal animal control, tenured
protection agreements at priority springs and, xtreene cases, translocations of
threatened species (Kerezsy and Fensham 2013)lafops of listed plant species
should be regularly monitored, encompassing aceysapulation counts and area of
occupancy estimates, to assess population trem@seTs an ongoing responsibility to
ensure that demands for groundwater, particulamycbal seam gas extraction, do not
cause further degradation to this already delslitatcosystem. Priority locations and
actions will be further refined through the complet of the Queensland springs

database (Rod Fensham, pers. comm.).

Grazing sensitive species form a small but imparcamponent of the inland eastern
Australian flora and will benefit from the creatiohlarge water-remote reserves where
the impacts of domestic and feral livestock areimiged. Distances of at least seven
kilometres are required to achieve meaningful fdliem grazing, and such refuges
must identify and enhance existing water-remot@asar@&ensham and Fairfax 2008).
Monitoring and continued surveys are required ler $ix genuinely rare and threatened
plant species identified in Chapter 6, as well fzes five species which remain data
deficient. Further investigation of heavily browsgzkecies and populations with limited
recruitment is also required, encompassing numesbusbs in stony hills and some
trees and shrubs in the low dunefields of the satlQueensland and northern New
South Wales Mulga Lands (J. Silcock and S. Mcintyrgoublished data).

Control of foxes and cats is critical to the suatief vulnerable mammals such as the
bilboy and Julia Creek dunnart. This control needsbé flexible and responsive to
infrequent irruptions of long-haired rats and swujusnt spikes in cat numbers following
exceptional rainfall events (Woinarséd al. 2014; Peter McRae, pers.comm.).Targeted
rabbit control, particularly warren ripping in iddred drought refuge areas, holds
substantial potential for reducing their populasi@nd damage to vegetation (Edwards
et al. 2002; Bermaret al. 2011). Numerous reptile and bird species remziremely
poorly known (Appendix 7-1) and surveys are needteassess their population trends

and conservation status.
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Weed control will remain a priority. While there litle prospect for control of buffel
grass, prickly acacia is currently being targetgdlesert Channels Queensland, aiming
for eradication from less dense areas, containmewn river systems and progressive
control of heavily-infested areas. This work denmiss the expense and challenges
involved in controlling weeds once they have irddslarge areas. Numerous weeds in
the study area currently occur as scattered plantsmall populations that can be
controlled cost-effectively (Firet al. 2013), notably isolated rubber vine populations in
farm dams and creeks, mesquite in the Channel Goantl Mitchell grasslands, and
isolated cactus infestations. Intensive controlwefeds on GAB springs is also a

priority, particularly control of rubber vine andigkly acacia.

There are some areas where the magnitude andsefiédandscape change remain
uncertain. Most of these relate to the Mulga LanfiQueensland and New South
Wales, particularly with regard to the long-terrmdgnics of the ‘delicate and noxious
scrub’ (Noble 1997) and the extent of historical degradation and loss. It is unlikely
that there will ever be unequivocal answers todahggestions. However, studies on the
impacts of fire in these communities and the dymramnoif perennial grass species under
different grazing regimes will provide further ctuél'he relative role of soil differences
and management in determining vegetation compaosiind structure, for example
turkey bush vs grassy areas, could be tested throdgtailed soil profile
characterisation, while the degradation surveyblitis (1986) and Millset al. (1989)
could be revisited. Numerous sources of historiit@rature have not yet been
systematically collated and analysed (e.g. DowliB§3; Watson 1882; Struver 1890;
Benbow 1901; McManus 1916; Anon. 1963; Anon 196&rdy 1969; Ellis 1981; Dunk
2010). Property diaries, Land Commissioner repants survey plans are also untapped

sources of historical information (e.g. Oxley 1987a

Globally, there is evidence of grazing impacts aremproductive patches in a generally
low productivity matrix (lllius and O’Connor 199%lhag and Walker 2010). In the
study area, floodplains and dune swales, two pitddichabitats within generally
infertile landscapes, seem resilient to grazingaotp due to the dominance of annual
lifeforms (Phelpset al. 2007; Fenshanet al. 2010a; Silcock and Fensham 2011).
Productive areas dominated by perennial species fmaymost vulnerable to

degradation. Exclosures on Idalia National Park alestrate severe impacts of high
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macropod densities on narrow valleys between stanges, with perennial grasses and
palatable forbs greatly reduced in abundance (Rsln and J. Silcock, unpublished
data). Other exclosures in a variety of timberadis#id vegetation types, including on

Currawinya and Mariala National Parks and Mitchglassland adjacent to gidgee

woodlands near Longreach, also indicate substantacts of macropod grazing.

Finally, the ecological implications of the massinerease in goat numbers over the
past 20 years in the Mulga Lands (Pople and Fr@e2.2; Khairoet al. 2013) are
completely unexplored. In some areas, the densigpats is now higher than sheep and
cattle (Landsberg and Stol 1996), driven by inaesda both domestic and feral goats.
The line between the two is increasingly blurredgaaziers harvest and maintain
‘rangeland’ or ‘semi-feral’ goats at densities wdéiarvesting is profitable (Forsyét

al. 2009; Pople and Froesche 2012). Goats are highdgtsve but adaptable herbivores,
preferring grass and herbage in abundant seasonsibel to survive on browse,
including relatively unpalatable shrubs, bark, I&dér, roots and fungi in dry times
(Downing 1986; Hacker and Alemseged 2014). Thisvadlthem to persist much longer
than sheep and kangaroos, increasing the potdotiadvergrazing and degradation.
Goats can eliminate preferred perennial shrubs fiorarea, while severe effects on the
herbage layer and groundcover have also been et¢Wilsonet al. 1976; Harrington
1986; Russelkt al. 2011), although Tiver and Andrew (1997) foundditimpact of
goats on regeneration of woody species in eastauthSAustralia. There is a clear need
to better understand the impacts of goats and rpadsoon botanical composition and

vegetation dynamics.

Critical re-assessment of degradation narratives

The results presented in this thesis provide letigpirical support for some prevailing
narratives of ecological change, and generally supfhe notion of inland eastern
Australia as a healthy rangeland system where mgaand conservation are mostly
compatible. The life histories of plant species #minherent climatic limitations have
allowed much of the flora to remain unscathed kg rtiassive upheavals initiated by
pastoral settlement. After 150 years, we can cfedentify what we have lost, what
continues to decline, and the directions for mamage and research to address these

issues.
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However, these results point to a wider problenihwdentifying arid land degradation.
Assumptions of detrimental change due to abrupt agament upheavals are
compounded by the ‘degraded’ appearance of margelands for much of the time.
Landscape narratives can quickly become entren@uedss vast regions with no
unequivocal reference or ‘natural’ state. In inlasdstern Australia, this is best
illustrated by debates surrounding woody vegetatdymamics. There is almost
universal consensus among the grazing communitytiieaMulga Lands are degraded
through vegetation thickening (Witt 2013). The impace of fire became entrenched in
folklore early in pastoral settlement. For examplastoralist J.T. Quinn told the 1901
NSW Royal Commission that the West Bogan countrg o@en forest and ‘remained
like that until 1874, when it became stocked, dmsl lhush firesthat previously every
summer swept through #nd kept down the scrub and undergrowth, becas® le
frequent, and the scrub then grew to an enormotengxcited in Hogdkinson and
Harrington, 1985:65, my emphasis). In reality, Sireould only be able to ‘sweep
through’ this country following exceptional seas@eshaps once every 30-50 years, a
fact which rather reduces their importance in nesea of landscape change. Early
scientific articles cited only such anecdotal searbut these articles are then cited by
others as authoritative evidence of change (Wittal. 2006). Many recent studies
typically begin with a statement categorising mudgauntry as highly degraded (e.g.
Beetonet al.2005; Boyland 2006), further perpetuating this deagyen.

One explanation for the disjunct between empireatience and popular perception is
that people take their early memories, or handedrdmemories, as a reference or
baseline state. By the 1940s woody vegetation adtos Mulga Lands was probably
sparse following an extended dry period through firet half of the 20th century,
reflected in concerns expressed about the declntk lang-term survival of mulga
(Beadle 1948; Condon 1949). The wet seasons ofl#%®s and 1970s resulted in
increases in canopy cover from this drought-dedlstate (Wittet al. 2009). Wildfires
swept through large areas of mulga and shrublam@suth-western Queensland in the
summers of 2011 and 2012 with mass mortality ofgawdnd some shrub species (J.
Silcock, unpublished data). Substantial mortalifynaulga and shrub species during
extended dry periods has also been documented (Bot849; Cunningham and
Walker 1973; Brown 1985; Fenshagh al. 2012). Available evidence points to these

dynamics as being part of a century-scale cycleerathan unidirectional. Many cited
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instances and rates of thickening are based onurezaents of previously cleared or
thinned mulga (Burrows 1973a; Beale 2004), whicly mecount for some perceptions
of dramatic thickeningEremophila gilesiicertainly responds to disturbance and many
areas where it is dominant have been previouslgrete or thinned (Burrows 1973Db;
Bakeret al. 1992).

Fundamentally, the term ‘degradation’ is value-lgdeeferring to a change of state
which is judged to be negative relative to subyatyi-chosen criteria, usually grounded
in utilitarian considerations. Changes resultingaduced pastoral productivity, such as
perceived woody encroachment and decreases in dgouer, will be perceived as
detrimental. However, some of the most disastrobanges from a biodiversity
perspective, particularly conversion of native wlaods and pastures to monocultures
of introduced perennial grass, are rarely couchdérms of ‘degradation’. Conversely,
areas characterised by an abundance of ‘woody weedBor ‘undesirable’ native
pasture species are routinely considered degrdmedn reality may harbour increased
diversity of plant and animal species and show etertbration in functional and
structural indicators of landscape health (Gebdl. 2012; Eldridgeet al. 2011). In the
study area, the perceived negative effects of wdbitkening and shrub encroachment
have been strongly influenced by the prevalengeastoralism and the production bias
of most research on the topic. However undesiraidges for pastoralism do not

necessarily equate to ecological degradation.

Ecological histories of rangeland areas will beliagrse as the rangelands themselves,
and any global narratives will invariably involveanglifications and generalisations
(Barker 2002). Multidisciplinary regional studiesongbining historical sources,
measurement of sites with different managemenbiiest and targeted surveys for
sensitive and rare elements of the flora and fazara allow critical assessments of
ecological change in regions subject to abrupt mement upheavals. In particular,
focusing on the fate and trends individual spedietified as potentially rare and
threatened holds substantial potential as both aambiguous assessment of
degradation and a means of prioritising consermagiffort. The methods described in
this thesis are broadly transferable across randgslaharacterised by similar issues and

debates.
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It seems the very characteristics long thoughetaler drylands fragile and susceptible,
especially the prevalence of drought and dust, dande of annuals and extended
periods of low groundcover, may actually confeiliesce. The perception of drought
as a stress on plants, animals and country is landukl of degradation narratives.
Drought-affected land is often described as ‘suifgr.damaged, wrong, corrupted by
lack of rain’ (Arthur 2001:43). In reality a climatcharacterised by long dry spells
punctuated by unpredictable ‘boom’ events, andagsociated adaptations of the flora,
have conferred extraordinary resilience in the faicmassive management upheavals so
recently imposed upon this ancient land. We shoelcame our thinking to view arid
lands as resilient but unpredictable, as depenalem®ixtended drought as on the much-
lauded booms. Not usually considered an ecologiage, maybe Slim Dusty had it
right when he sang an ode to drought. Perhapaliiyréoes ‘take one hell of an old man

drought to bring this country back’.

134



List of References

Aagesen, D. (2000) Crisis and conservation at titead the world: sheep ranching in
Argentine Patagoni&nvironmental Conservatiay, 208-15.

Abbott, 1. (2002) Origin and spread of the datlis catus on mainland Australia, with a
discussion of the magnitude of its early impachative faunaWildlife Research
29, 51-74.

Adam, P. (2000) Rarity, rare plant species and\énw South Wales Threatened Species
Conservation Act — conservation opportunities ahdllengesCunninghamiaz,
651-669.

Addison, J., Friedel, M., Brown, C., Davies, J. &ldfon, S. (2012) A critical review
of degradation assumptions applied to Mongolia’'sbiGBesert. Rangeland
Journal32, 125-37.

Allan, G.E. & Southgate, R.I. (2002) Fire regimasspinifex landscapes, in: Bradstock,
R.A., Williams, J.E., Gill, M.A. (Eds.)}-lammable Australia: the fire regimes and
biodiversity of a continenCambridge University Press, Cambridge, pp. 14&-17

Allen, G.H. (1949)Notes on the plants of south western Queensl@weau of
Investigation of Land and Water Resources, Brisbane

Alves, R.J.V. & Kolbek, J. (1994) Plant species eanésm in savanna vegetation on
table mountains (Campo Rupestre) in Brazdgetatio 113 79-86.

Anderson V. J. & Hodgkinson K. C. (1997) Grass-ma&eti capture of resource flows
and the maintenance of banded mulga in a semiwadddland. Australian
Journal of Botanyl5, 331-42.

Anderson, V.J., Hodgkinson, K.C. & Grice, A.C. (839 he influence of recent grazing
pressure and landscape position on grass recruitmensemi-arid woodland of
eastern Australialhe Rangeland Journal, 3-9.

Andrew M. H. & Lange R. T. (1986a) Development ofnaw piosphere in arid
chenopod shrubland grazed by sheep. 1. Changde teotl surfaceAustralian
Journal of Ecologyl 1, 395-4009.

Andrew M. H. & Lange R. T. (1986b) Development ofnaw piosphere in arid
chenopod shrubland grazed by sheep. 2. ChangdseteepetationAustralian
Journal of Ecologyl 1, 411-24.

Anon. (1963)A history of Milo and AmbathalaMilo Pastoral Company Limited,
Adelaide.

135



Anon. (1969) Report to the Inter-departmental Cottgai on Scrub and Timber
Regrowth in the Cobar-Byrock district and otheraaref the Western Division of
New South Wales. Goverment Printer, Sydney.

Archer, S. (1989) Have southern Texas savannasdmererted to woodlands in recent
history?The American Naturalist34, 545-561.

Arriaga F. J., Lowery B. & Mays M. D. (2006) A fastethod for determining soll
particle size distribution using a laser instrum&uatl Sciencd 71, 663-74.

Arrowsmith, J. (1849) Map of Captain Sturt’'s roditem Adelaide into the centre of
Australia, constructed from his original protraciso and other official documents,
Cartographic material. Held by National Library Alstralia, call no. MAP
NK2456 / 2157. J. Arrowsmith, Soho Square, London.

Arthur J. M. (2003)The Default Country: a lexical cartography of twett-century
Australia University of New South Wales Press Ltd, Sydney.

Asner G. P., Archer S., Hughes R. F., Ansley R& JWessman C. A. (2003) Net
changes in regional woody vegetation cover and orarbtorage in Texas
Drylands, 1937-199%lobal Change Biolog9, 316-35.

Asner G. P., Elmore A. J., Olander L. P., MartinER.& Harris A. T. (2004) Grazing
systems, ecosystem responses, and global changeal Review of Environment
and Resource®9, 261-99.

Australin Government Department of Environment @0Threatened species under the
Environment Protection and Biodiversity Conservati@PBC) Act. Available

online at http://www.environment.gov.au/topics/bi@sity/threatened-species-

ecological-communities/threatened-species.

Auty, J. (2004) Red plague grey plague: the kamganyths and legendéustralian
Mammology26, 33-36.

Ayyad, M.A. (2003) Case studies in the conservatbmiodiversity: degradation and
threatsJournal of Arid Environments4, 165-182.

Baamrane M.A.A., Znari, M., Loggers, C., El Merct8, & Naimi, M. (2013)
Demographic decline of the last surviving Morocadorcas gazelleGazella
dorcas massaesyla M'Sabih Talaa Reserve, Morocedryx 47, 578-83.

Baker, D.E., Miles, R.L. & Eldershaw, V.J. (1992k}ktation cover classes and soll
nutrient status of the mulga lands of south-west@ueenslandThe Rangeland
Journal14, 40-48.

136



Bakker, E.S., Ritchie, M.E., OIff, H., Milchunas,.® & Knops, J.M.H. (2006)
Herbivore impact on grassland plant diversity dejseon habitat productivity and
herbivore sizeEcology Letter®, 780-8.

Bandler, H. (1995) Water resources exploitatiorAustralian prehistory environment.
The Environmentalist5, 97-107.

Barker, G. (2002) A tale of two deserts: contragti@sertification histories on Rome's
desert frontiersworld Archaeology3, 488-507.

Barker, R.D. & Caughley, G. (1993) Distribution arabundance of kangaroos
(Marsupialia: Macropodidae) at the time of Europeantact: South Australia.
Australian Mammalogy7, 73-83.

Barker, S. & Lange, R.T. (1969) Effects of moderateeep stocking on plant
populations of a black oak-bluebush associatfarstralian Journal of Botan$7,
527-37.

Bartoleme, J.W., Fehmi, J.S., Jackson, R.D. & Alleaz, B. (2004) Response of a
native perennial grass stand to disturbance inf@aia’s coast range grassland.
Restoration Ecolog§2, 279-289.

Basedow, H. (1919) Herbert Basedow's diaries of firee medical relief expedition
amongst the Aborigines of southern Australia. Melthibrary, Sydney.

Baskin, J.M. & Baskin, C.C. (1988) Endemism in ramktcrop plant communities of
unglaciated eastern United States: an evaluatiothefroles of the edaphic,
genetic and light factorgournal of Biogeography5, 829-840.

Batanouny, K. A. (2001) Plants in the deserts ef Bhiddle East. InAdaptations of
Desert OrganisméEd J. L. Cloudsley-Thompson). Springer-Verlagtlide

Bawden, C. R. (1989Yhe Modern History of Mongoliakegan Paul Inernational,
London.

Beadle, N.C.W. (1948)he vegetation and soils of western New South Waits
special reference to soil erosioBovernment Printer, Sydney.

Beale, E. (ed.) (1983Kennedy: the Barcoo and beyond — the journals afntd
Besley Court Kennedy and Alfred Allaston Turnerhwitew information on
Kennedy’s life Blubber Head Press, Hobart.

Beale, I. (2004) Tree and shrub thickening in thenWeh Shire. Report to the

Productivity Commission, http://www.pc.gov.au/data/assets/pdf file/
0008/49373/murweh3.pdidccessed 16 April 2011].

137



Bean, A.R. (2011) New and reinstated species of Soéanum ellipticumR.Br.
(Solanaceae) species groéuoistrobaileya8, 412-430.

Beaumont, P. (1993)Drylands: Environmental Management and Development
Routledge, London.

Beeton, R.J.S., Page, M.J., Slaughter, G. & GrekhfiR. (2005) Study of Fodder
Harvesting in Mulga Regional Ecosystems. UniversftQueensland, Gatton.

Bell, D.T. (1999) The process of germination in &kabkan speciesAustralian Journal
of Botany47, 475-517.

Bell, P., lwanicki, 1., 2002. Historical backgrounith: Leader-Elliot, L., lwanicki, I.
(Eds.), Heritage of the Birdsville and Strzelecki TrackBepartment for
Environment and Heritage, South Australia.

Benbow, C.A. (1901) Interior land changégyricultural Gazette of New South Wales
12, 1249-54.

Benson, J.S. & Redpath, P.A. (1997) The naturerefepropean vegetation in south
eastern Australia: a critique of Ryan, D.G., RyaR. and Starr, B.J. (1995) The
Australian landscape — observations of exploredseatly settlersCunninghamia
5, 285-328.

Berman, D., Brennan, M. & Elsworth, P. (2011) Hoanavarren destruction by ripping
control European wild rabbitQryctolagus cuniculyson large properties in the
Australian arid zoneWildlife Researcl38, 77-88.

Bestelmeyer, B. T., Duniway, M.C., James, D.K,, &, L.M. & Havstad, K.M.
(2013) A test of critical thresholds and their wators in a desertification-prone
ecosystem: more resilience than we thoughtlogy Letterd 6, 339-45.

Binns, T. (1990) Is desertification a mytGeographyr5, 106-13.

Blackburn, T.M. & Gaston, K.J. (1997) Who is rarAftefacts and complexities of
rarity determination. InThe Biology of Rarity: causes and consequencesref r
common difference§Eds W.E. Kunin, K.J. Gaston), pp. 48-60. Chapraad
Hall, London.

Blumler, M.A. (1993) Successional pattern and laage sensitivity in the
Mediterranean and Near East. l@ndscape Sensitiviffgds D.S.G. Thomas, R.J.
Allison), pp. 287-305. Wiley, Chichester.

Blumler, M.A. (1998) Biogeography of land-use imfgam the Near East. IlNature's
Geography: New Lessons for Conservation in DevatppCountries(eds K.

Zimmerer & K. Young. University of Wisconsin Pressadison.

138



BoRong, P., LingKe, Y. (1995) Comprehensive evatuabf rare and endangered plant
species in the arid desert zones of ChClsinese Journal of Arid Land Research
8, 141-148.

Bostock, P.D. (2009) BRIMapper, version 3.2.15. €nstand Herbarium: Brisbane.

Bostock, P.D. & Holland, A.E. (eds) (200Qensus of the Queensland flora 2007
Queensland Herbarium, Environmental Protection AgeBrisbane.

Bouche, P., Douglas-Hamilton, I., Wittemyer, G.ahbgo, A., Doucet, J.-L., Lejeune,
P. & Vermeulen, C. (2011) Will elephants soon dssgr from West African
savannahsPLoS Ones, 1-11.

Boulangeat, I., Lavergne, S., Van Es, J., Garrdud& Thuiller, W. (2012) Niche
breadth, rarity and ecological characteristics imith regional flora spanning large
environmental gradientdournal of Biogeograph\d9, 204—-214.

Bowman, D.M.J.S. (2001) Future eating and counteeping: what role has
environmental history in the management of biodiikg? Journal of
Biogeography28, 549-564.

Bowman, D.M.J.S. & Brown, M.J. (1986) BushfiresTiasmania: a botanical approach
to anthropological question&rchaeology in Oceanidl, 166-171.

Box, G.E.P., Jenkins, G.M. & Reinsel, G.C. (1994ne Series Analysis: Forecasting
and control, 3rd editionHolden-Day, San Francisco.

Boyland, D.E. (1973) Vegetation of the Mulga landsh special reference to south-
western Queenslandiropical Grasslands?, 35-42.

Boyland, D.E. (2006) Sustainable harvesting of rauly fodder in the Mulga Lands.
Report for AgForce and Department of Natural ResesuMines & Water,
Brisbane.

Braithwaite, R.W. (1991) Aboriginal fire regimes wfonsoonal Australia in the 19th
century.Search22, 247-249.

Branch, L.C., Hierro, J.L. & Villarreal, D. (199%®atterns of plant species diversity
following local extinction of the plains vizcacha semi-arid scrubJournal of
Arid Environmentgll, 173-82.

Brandle, R., Moseby, K.E. & Adams, M. (1999) Thstdbution, habitat requirements
and conservation status of the plains mseudomys australigRodentia :
Muridae).Wildlife Researcl26, 463-77.

139



Breckle, S.-W., Wucherer, W., Dimeyeva, L.A. & OghltP. (2012)Aralkum — a man-
made desert: the desiccated floor of the Aral &nfral Asia) Springer-Verlag,
Berlin.

Breman, H. & Dewit, C.T. (1983) Rangeland produtyiand exploitation in the sahel.
Science221, 1341-7.

Briggs, J.D. & Leigh, J.H. (199@are or Threatened Australian Plan@th edition).
CSIRO Publishing, Canberra.

Briske, D.D., Fuhlendorf, S.D. & Smeins, F.E. (2P03egetation dynamics on
rangelands: a critique of the current paradigdwairnal of Applied Ecology0,
601-14.

Brito, J. C., Godinho, R., Martinez-Freiria, F.e8lezuelos, J. M., Rebelo, H., Santos,
X., Vale, C. G., Velo-Anton, G., Boratynski, Z., @alho, S. B., Ferreira, S.,
Goncalves, D. V., Silva, T. L., Tarroso, P., Campb<C., Leite, J. V., Nogueira,
J., Alvares, F., Sillero, N., Sow, A. S., Fahd, Grochet, P. A. & Carranza, S.
(2014) Unravelling biodiversity, evolution and thte to conservation in the
Sahara-SaheBiological Reviews89, 215-31.

Broennimann, O., Vittoz, P., Moser, D, & Guisan,(8003) Rarity types among plant
species with high conservation priority in Switzedl. Botanica Helveticall5,
95-108.

Brooks, K.J., Setterfield, S.A. & Douglas, M.M. @@ Exotic grass invasions: applying
a conceptual framework to the dynamics of degradataind restoration in
Australia's tropical savannaRestoration Ecolog$8, 188-97.

Brooks, N. & Legrand, M. (2000) Dust variability @vnorthern Africa and rainfall in
the Sahel. InLinking Land Surface Change to Climate Chafigds S.J. McLaren
& D. Kniverton), pp. 1-25, Kluwer Academic PubliskeBoston.

Brown, J.R. & Archer, S. (1999) Shrub invasion cdgsland: recruitment is continous
and not regulated by herbaceous biomass or de&sityogy 80, 2385-96.

Brown, J. R. & Carter, J. (1998) Spatial and terappatterns of exotic shrub invasion
in an Australian tropical grasslaricandscape Ecology.3, 93-102.

Brown, R.F. (1985) The growth and survival of younglga @Acacia aneura~.Muell)
trees under different levels of grazidgustralian Rangeland Journdl 143-8.
Brown, R.F. (1986) The effects of burning, feriitig, and clipping on populations of

Aristida armata, Thyridolepis mitchelliarendMonachather paradoxa a mulga

woodland pasturédustralian Rangeland Journé&l 4-10.

140



Browning, D.M. & Archer S.R. (2011) Protection frolmestock fails to deter shrub
proliferation in a desert landscape with a histofyheavy grazingEcological
Applications21, 1629-42.

Bureau of Meterology 2012, Climate data online, thalan Government,

http://www.bom.gov.au/climate/datgccessed 20 January 2014].

Burgman, M.A. (2002) Are listed threatened plantces actually at riskAustralian
Journal of Botanyp0, 1-13.

Burgman, M.A., Grimson, R.C. & Ferson, S. (1995kiring threat from scientific
collections.Conservation Biolog®, 923-928.

Burgman, M.A., Keith, D., Hopper, S.D., Widyatmoko, & Drill, C. (2007) Threat
syndromes and conservation of the Australian flBralogical Conservatiori34,
73-82.

Burke, A. (2002) Properties of soil pockets on af@ma Karoo inselbergs — the effect
of geology and derived landform¥ournal of Arid Environments0, 219-234.
Burke, A. (2003a) How special are Etendeka mestsa Bnd elevation gradients in an
arid landscape in north-west Namibikurnal of Arid Environmentsbs, 747—

764.

Burke, A. (2003b) Inselbergs in a changing worldglebal trends.Diversity and
Distributions 9, 375-383.

Burrows, W.H. (1973a) Regeneration and spatialepadt of Acacia aneurain south
west Queensland.ropical Grasslandg, 57-68.

Burrows, W. H. (1973b) Studies in the dynamics aadtrol of woody weeds in semi-
ardi Queensland I. Eremophila gilesueensland Journal of agricultural and
Animal Sicences0, 57-64.

Burrows, W.H. (2002) Seeing the wood(land) for tfees — an individual perspective of
Queensland woodland studies (1965-2002)pical Grassland86, 202-217.

Burrows, W.H. & Beale, I.F. (1969) Structure andasation in the MulgaAcacia
aneurg lands of south-western Queenslaidistralian Journal of Botanyl?7,
539-52.

Butchart, S. (2003) Using the IUCN Red List criteto assess species with declining
populationsConservation Biology7, 1200-1201.

Butler, D.W. & Fairfax, R.J. (2003) Buffel grassdafire in a gidgee and brigalow
woodland: A case study from central Queensldfmblogical Management and
Restoratiord, 120-4.

141



Byrne, M. (2008) Evidence for multiple refugia aiffefent time scales during
Pleistocene climatic oscillations in southern Aalstr inferred from
phylogeographyQuaternary Science Revieviay, 2576—2585.

Byrne, M., Yeates, D.K., Joseph, L., Kearney, Mowker, J., Williams, M.A.J.,
Cooper, S., Donnellan, S.C., Keogh, J.S., Leys,Melville, J., Murphy, D.J.,
Porch. N, & Wyrwoll, K-H. (2008) Birth of a biomeansights into the assembly
and maintenance of the Australian arid zone biktalecular Ecologyl7, 4398-
4417.

Cain, M.L., Milligan, B.G. & Strand, A.E. (2000) bg-distance seed dispersal in plant
populationsAmerican Journal of Botang7, 1217-1227.

Calaby, J.H. & Grigg, G.C. (1989) Changes in macdmd communities and
populations in the past 200 years, and the futar&rigg, G., Jarman, P., Hume,
I. (Eds.),Kangaroos, Wallabies and Rat-Kangaro&urrey Beatty & Sons Pty
Limited, Sydney, pp. 813-820.

Capon, S.J. & Brock, M.A. (2006) Flooding, soil ddgank dynamics and vegetation
resilience of a hydrologically variable desert fiptain. Freshwater Biologys1,
206-223.

Cardel, Y., Rico-Gray, V., Garcia-Franco, J.G. &erh L.B. (1997) Ecological status
of Beaucarnea gracilisan endemic species of the semiarid Tehuacan Walle
México. Conservation Biologyll, 367—374.

Cardillo, M., Mace, G.M., Jones K.E., Bielby, JiniBda-Emonds, O.R.P., Sechrest,
W., Orme, C.D.L. & Purvis, A. (2005) Multiple cawssef high extinction risk in
large mammal specieScience309, 1239-41.

Caughley, G. (1986) Rangelands, livestock and ifgldthe ecological equivalent of
sulphur, saltpetre and charcoal. Rangelands: a resource under siggels P.J.
Joss, P.W. Lynch & O.B. Williams). Australian Acaay of Science, Canberra.

Chambers, J. (2010he Vintage and the Gleanin@ext Publishing, Melbourne.

Chatty, D. (2001) Pastoral tribes in the Middle ttaa®d wildlife conservation schemes:
the endangered specid$@madic Peoples, 104-22.

Chillo, V. & Ojeda, R.A. (2012) Mammal functionalivérsity loss under human-
induced disturbances in arid landsurnal of Arid Environment37, 95-102.

Choquenot, D., Mcliroy, J. & Korn, T. (1996) Managi Vertebrate Pests: Feral Pigs.

Bureau of Resource Sciences, Canberra.

142



Cingolani, A.M., Cabido, M.R., Renison, D. & SolsN. (2003) Combined effects of
environment and grazing on vegetation structur@rgentine granite grasslands.
Journal of Vegetation Sciendd, 223-32.

Cingolani, A.M., Noy-Meir, I. & Diaz, S. (2005) Grimg effects on rangeland diversity:
a synthesis of contemporary modésological Applicationd5, 757-73.

Ciofolo, 1. (1995) West-Africa last giraffes: theordlict between development and
conservationJournal of Tropical Ecology1, 577-88.

Clancy, T.F. & Close, R.L. (1997) The Queenslarntkneallabies: an overview of their
conservation status, threats and managemestralian Mammalogy9, 169-174.

Clark, C.J., Poulsen, J.R., Levey, D.J. & Osenb€rlly. (2007) Are plant populations
seed limited? A critique and meta-analysis of seltlition experiments.
American Naturalist170, 128-142.

Clarke, P.J., Latz, P.K. & Albrecht, D.E. (2005) rigsterm changes in semi-arid
vegetation: invasion of an exotic perennial graas larger effects than rainfall
variability. Journal of Vegetation Sciend®, 237-48.

Clarke, K.R. & Gorley, R.N. (2006) PRIMER v.6: Uddianual/Tutorial. PRIMER-E,
Plymouth.

Coates, D.J. & Atkins, K.A. (2001) Priority settiramd the conservation of Western
Australia’s diverse and highly endemic floBiological Conservatio®7, 251-63.

Coates, D.J. & Dixon, K.W. (2007) Current perspezgiin plant conservation biology.
Australian Journal of Botan§5, 187-193.

Collen, B., Purvis, A. & Mace, G.M. (2010) Whendsspecies really extinct? Testing
extinction inference from a sighting record to mmfioconservation assessment.
Diversity and Distributiond 6, 755-764.

Colloff, M.J. & Baldwin, D.S. (2010) Resilience fddodplain ecosystems in a semi-arid
environmentThe Rangeland Journ8R, 305-14.

Condon, R.W. (1949) Mulga death in the west Darlauyintry. Journal of the Soll
Conservation Service of New South Wé&les-14.

Condon, R.W. (1986) Scrub invasion on semi-aridigialands in western New South
Wales - causes and effects. Rangelands: a resource under siggels P.J. Joss,
P.W. Lynch & O.B. Williams). Australian Acacdemy 8tience, Canberra.

Connell, J.H. & Sousa, W.P. (1983) On the evideremded to judge ecological stability
or persistencéAmerican Naturalisi21, 789-824.

143



Cooke, B.D. & McPhee, S. (2007) Rabbits and Natant Biodiversity. A report
complied for Australian Wool Innovation and Meatdahivestock Australia as
part of the Invasive Animals Co-operative Resea@dntre Project 7.T. 6 -
Biodiversity Impact of Rabbits. Online at http://wa¥eral.org.au/tag/rabbits/
[accessed 13 July 2014].

Crawley, M.J. (1987) Benevolent herbivor&ésends in Ecology and Evolutidh 167-8.

Crisp, M.D., Laffan, S., Linder, H.P. & Monro, A2q01) Endemism in the Australian
flora. Journal of Biogeograph8,183-198.

Croft, M., Goldney, D. & Cardale, S. (1997) Forasd woodland cover in the central

western region of New South Wales prior to Europesettlement. In:
Conservation Outside Nature Reseryeds P. Hale and D. Lamb), pp. 394-426.
Centre for Conservation Biology, University of Quskand, St Lucia.

Crowley, G.M. & Garnett, S.T. (1998) Vegetation Bba in the grasslands and grassy
woodlands of central Cape York Peninsiacific Conservation Biolog¥, 132-
148.

Crowley, G.M. & Garnett, S.T. (2000) Changing firmnagement in the pastoral lands
of Cape York Peninsula of northeast Ausrtralia, 31G®» 1996. Australian
Geographical Studie38, 10-26.

Cunningham, G.M. & Walker, P.J. (1973) Growth andvsval of mulga (Acacia aneura
F. Muell. ex. Benth) in western New South Walesopical Grasslandg, 69-77.

Cunningham, G.M, Mulham, W.E., Milthorpe, P.L. & ibgh, J.H. (1992)Plants of
western New South Wale§? 2dn Inkata Press, Melbourne.

Dahlberg, A.C. (2000a) Interpretations of enviromtaé change and diversity: a critical
approach to indications of degradation - the cateKalakamate, northeast
Botswanaland Degradation & Developmefii, 549-62.

Dahlberg, A.C. (2000b) Vegetation diversity andraiein relation to land use, soil and
rainfall - a case study from North-East Districtpt8vana.Journal of Arid
Environmentgi4, 19-40.

Daly, R.L. & Hodgkinson, K.C. (1996) Relationshipstween grass, shrub and tree
cover on four landforms of semi-arid eastern Auistrand prospects for change
by burning.Rangeland Journal8, 104-17.

Danin, A. (2008) Desert rocks — a habitat whichpsups many species that were new to
science in the last 40 yeaifaurkish Journal of Botanyd2, 459-464.

144



Daryanto, S. & Eldridge, D.J. (2012) Shrub hummoelss foci for small animal
disturbances in an encroached shrubldodrnal of Arid Environment30, 35-9.

Davidson, W.H. (1920) Western experiences in 188861Royal Geographical Society
of Queenslan, 43-59.

Davies, A.L. & Watson, F. (2007) Understanding ttleganging value of natural
resources: an integrated palaeoecological-histoiimeestigation into grazing
woodland interactions by Loch Awe, Western Highkmd ScotlandJournal of
Biogeographyd4, 1777 — 1791.

Davis, D.K. (2004) Desert ‘wastes’ of the Maghrdbsertification narratives in French
colonial environmental history of North AfricBultural Geographied 1, 359-87.

Davis, D.K. (2005) Indigenous knowledge and the eddgation debate:
problematising expert knowledge in North Afri€géeoforum36, 509-24.

Davis, R.C. (Ed.) 2002ZT'he Central Australian Expedition 1844-1846: Therjals of
Charles SturtThe Hakluyt Society, London.

Dawson, N.M. & Ahern, C.R. (1973) Soils and langssaof mulga lands with special
reference to south-west Queenslahapical Grasslandg, 23-34.

Dawson, N.M., Boyland, D.E., Ahern, C.R. (1975) damanagement in south-west
QueenslandProceedings of the Ecological Society of Austr@lida24-141.

Dawson, T.J., Denny, M.J.S., Russell, E.M. & Ell&s, (1975) Water usage and diet
preferences of free ranging kangaroos, sheep aadgeats in the Australian arid
zone during summedournal of Zoologyl77, 1-23.

Dawson, T.J. & Ellis B.A. (1994) Diets of mammali&erbivores in Australian arid
shrublands: seasonal effects on overlap betweekameglaroos, sheep and rabbits
and on dietary niche breadths and electivitlsgirnal of Arid Environmentg6,
257-71.

Dawson, T.J., McTavish, K.J, Munn, A.J., Hollowal, (2006) Water use and the
thermoregulatory behaviour of kangaroos in aridiaieg insights into the
colonisation of arid rangelands in Australia by tkastern grey kangaroo
(Macropus giganteysJournal of Comparative PhysiologylB 6, 45-53.

Denham, A.J. & Auld, T.D. (2004) Survival and ratment of seedlings and suckers of
trees and shrubs of the Australian arid zone falighabitat management and the
outbreak of Rabbit Calicivirus Disease (RCBystral Ecology?29, 585-99.

Denny, M.J.S. (1980) Red kangaroo arid zone studiastralian National Parks and
Wildlife Service, Canberra.

145



Denny, M.J.S. (1987) Historical and ecological gtuaf the effects of European
settlement on inland New South Wales. Nature Ceasen Council of New
South Wales, Sydney.

Denny, M.J.S. (1994) Investigating the past: arr@ggh to determining the changes in
the fauna of the Western Division of New South \Wamce the first explorers. In
Lunney, D., Hand, S., Reed, P., Butcher, D. (Edsuture of the Fauna of
Western New South WaleRoyal Zooological Society of New South Wales,
Mosman, pp. 53-63.

Department of Environment & Heritage Protection@0Guidelines for assessing and
categorising species, populations and subpopukatiofwailable online at
http://www.ehp.gld.gov.au/wildlife/threatened-speszguidelines.htmllaccessed 1
January 2014].

Department of Environment and Resource Managenzfiil) Quota Submission for

Commercially Harvested Macropods in Queensland.e@sland Government,
Brisbane. Available online athttp://www.ehp.gld.gov.au/wildlife/permits-
licences/pdf/2012-quota-submission. paitcessed 10 August 2012].

Diaz, S., Lavorel, S., McIntyre, S., Falczuk, Vasanoves, F., Milchunas, D., Skarpe,
C., Rusch, G., Sternberg, M., Noy-Meir, |., Landshd., Zhang, W., Clark, H. &
Campbell, B. (2007) Plant trait responses to gzia global synthesisslobal
Change Biologyl 3, 313-41.

Dickman, C.R., Pressey, R.L., Lim, L. & ParnabyEH(1993) Mammals of particular
conservation concern in the western division of Neauth WalesBiological
Conservatiorts, 219-48.

Division of Land Utilisation (1974) Western Arid Ben Land Use Study Part I.
Technical Bulletin 12. Division of Land UtilisatiprQueensland Department of
Primary Industries, Brisbane.

Division of Land Utilisation (1978) Western Arid Ben Land Use Study Part IV.
Technical Bulletin 23. Division of Land UtilisatiprQueensland Department of
Primary Industries, Brisbane.

Division of Land Utilisation (1979) Western Arid Ben Land Use Study Part II.
Technical Bulletin 22. Division of Land UtilisatiprQueensland Department of

Primary Industries, Brisbane.

146



Dixon, S. (1892) The effects of settlement and grastoccupation in Australia upon the
indigenous vegetationTransactions and Proceedings of the Royal Sociéty o
South Australid5, 195-206.

Dodd, J.L. (1994) Desertification and degradationsub-Saharan Africa: the role of
livestock.BioSciencet4, 28-34.

D'Odorico, P., Okin, G. S. & Bestelmeyer, B. T.12D A synthetic review of feedbacks
and drivers of shrub encroachment in arid grassldtwbhydrologys, 520-30.
Donaldson, T. (2002) What they call that in the te$?’: Ngiyampaa and other place
names in a New South Wales NgurrampaaThe Land is a Map: Place Names
of Indigenous Origin in Australi§gEds L. Hercus, F. Hodges & J. Simpson), pp.

207-38. Pandanus Books, Canberra.

Dowling, V.J. (1959-1863) Transcripts of V. J. Davg's diaries for 1859, 1861 and
1863 June 14-Nov. 13. Manuscript reference no.: NUS 3032. Mitchell
Library, Sydney.

Downing, B.H. (1986) Goat and sheep grazing in Istinfested semi-arid woodlands of
New South WalesAustralian Rangeland Journ&| 140-50.

Dregne, H. E. (1983pesertification of Arid LandsHarwood Academic Publishers,
New York.

Dunk, P. (2010)What More Could a Bloke Want®npublished memoirs of Peter
Ernest Dunk, Warroo Station, Hungerford.

Durant, S.M., Pettorelli N., Bashir S., Woodroffe, RVacher T., De Ornellas P.,
Ransom C., Abaigar T., Abdelgadir M., El Algamy Beddiaf M., Belbachir F.,
Belbachir-Bazi A., Berbash A.A., Beudels-JamarBitani L., Breitenmoser C.,
Cano M., Chardonnet P., Collen B., Cornforth W.Byzin F., Gerngross P.,
Haddane B., Hadjeloum M., Jacobson A., Jebali Aamarque F., Mallon D.,
Minkowski K., Monfort S., Ndoassal B., Newby J., &kputou B.E., Niagate B.,
Purchase G., Samaila S., Samna A.K., Sillero-ZubiriSoultan A.E., Price M.
R.S. & Baillie J.E.M. (2012) Forgotten biodiversitydesert ecosystemScience
336, 1379-80.

Duyker, E. (1983) Land use and ecological changeentral New South Waledournal
of the Royal Australian Historical Socied9, 121-131.

Ealey, E.H.M. (1967) Ecology of the eurbdacropus robustugGould), in North
Western Australia — Il. Behaviour, movements, amdkihg patterns.Wildlife
Researchl2, 27-51.

147



Edmonston, V. (2001)Managing the Channel Country Sustainably: Producers
ExperiencesQueensland Department of Primary Industries, fane.

Edwards, G.P., Dobbie, W. & Berman, D.M. (2002) Y&arripping: its impacts on

European rabbits and other wildlife of central Aak&a amid the establishment
of rabbit haemorrhagic disea$¥ildlife Researcl29, 567-575.

Edwards, G.P., Pople, A.R., Saalfeld, K. & Caley,(004) Introduced mammals in
Australian rangelands: future threats and the oflenonitoring programmes in
management strategiesustral Ecology29, 40-50.

Edwards, G.P., Zeng, B., Saalfeld, W.K. & Vaarzoor#l, P. (2010) Evaluation of the
impacts of feral camel®angeland Journa?2, 43-54.

Ehrlén, J., Minzbergova, Z., Diekmann, M. & ErikssdO. (2006) Long-term
assessment of seed limitation in plants: resultenfran 11-year experiment.
Journal of Ecologp4, 1224-1232.

Eldridge, D.J. & James, A.l. (2009) Soil-disturbarzy native animals plays a critical
role in maintaining healthy Australian landscapEsological Management &
Restorationl0, S27-S34.

Eldridge, D.J. & Lunt I. D. (2010) Resilience ofilsgeed banks to site degradation in
intermittently flooded riverine woodland3ournal of Vegetation Scien@d, 157-
66.

Eldridge, D.J., Bowker, M.A., Maestre, F.T., Roggt, Reynolds, J.F. & Whitford,
W.G. (2011) Impacts of shrub encroachment on etesysstructure and
functioning: towards a global synthedixology Letterd 4, 709-22.

Eldridge, D.J., Val, J. & James, A.l. (2011) Abwteffects predominate under
prolonged livestock-induced disturbanéeistral Ecologyd6, 367-77.

Elhag, M.M. & Walker, S. (2010) Environmental dedmtion of natural resources in
Butana area of Sudan. Ihand Degradation and Desertification: Assessment,
Mitigation and Remediatiorfeds P. Zdruli, M. Pagliai, S. Kapur and A. Faz
Cano). Springer, New York.

Ellis, C.J. (1981)] Seek Adventure: an autobiographical account odnpering
experiences in outback Queensland from 1889 to .1804rnative Publishing
Cooperative Ltd, Sydney.

Ellis, J.E. & Swift, D.M. (1988) Stability of Afrian pastoral ecosystems: alternate
paradigms and implications for developmeldurnal of Range Managemeft,
450-9.

148



Environment Australia & Queensland Parks and WhddlService (1999) Rare and
threatened species and plant communities of thegMlands. Environmental
Protection Agency, Brisbane.

Eriksson, O. & Jakobsson, A. (1998) Abundance,ribistion and life histories of
grassland plants: a comparative study of 81 spediesnal of Ecology86, 922—
933.

Eriksson, O. (2013) Species pools in cultural l@ages — niche construction, ecological
opportunity and niche shiftEcography36, 403—413.

Eshel, G. & Levy, G.J. (2007) Comments on ‘A fastthod for determining soil
particle size distribution using a laser instrunaéfity F. J. Arriaga, B. Lowery,
and D. W. Mays. Soil Science 171 :663-674 (20069il Sciencd.72, 413-5.

Fairfax, R.J. & Fensham, R.J. (2002) In the fogstef J. Alfred Griffiths: a
cataclysmic history of the Great Artesian Basinrggs in Queenslandiustralian
Geographical Studie40, 210-230.

Fairfax, R.J., Fensham, R.J., Wager, R., Brook,W&ebb, A. & Unmack, P. (2007)
Recovery of the red-finned blue-eye: an endangisbdrom springs of the Great
Artesian BasinWildlife Researcl34, 156-166.

Fairhead, J. & Leach, M. (1995) False forest histaomplicit social analysis -
rethinking some west-African environmental narresiwVorld Developmeng3,
1023-35.

Fanning, P. (1999) Recent landscape history in arestern New South Wales,
Australia: a model for regional chang&eomorphology29, 191-209.

Farnsworth, E.J. & Ogurcak, D.E. (2006) Biogeogsaphd decline of rare plants in
New England: historical evidence and contemporarmynitoring. Ecological
Applicationsl6, 1327-1337.

Fensham, R.J. (1997) Aboriginal fire regimes in €gdand, Australia: analysis of the
explorers' recordlournal of Biogeograph24, 11-22.

Fensham, R.J. (2008) Leichhardt's maps: one hungeads of change in vegetation
structure in inland Queenslanthurnal of Biogeograph$5, 141-156.

Fensham, R.J., Donald, S. & Dwyer J.M. (2013) Pgoje pressure, not fire or cattle
grazing, promotes invasion of buffel grass Cenclhuiliaris. Journal of Applied
Ecology50, 138-46.

Fensham, R.J. & Fairfax, R.J. (2003) Spring wettanél the Great Artesian Basin,
Queensland, Australi&Vetlands Ecology and Manageménf 343-362.

149



Fensham, R.J., Fairfax, R.J., Pocknee, D., Kelley(2004a) Vegetation patterns in
permanent spring wetlands of arid Austrakaustralian Journal of Botanp2,
719-728.

Fensham, R.J., Fairfax, R.J. & Sharpe, P.R. (2084b)hg wetlands in seasonally arid
Queensland: floristics, environmental relationsgsslfication and conservation
values Australian Journal of Botany2, 583-595.

Fensham, R.J. & Fairfax, R.J. (2005) Preliminargeasment of gidgeeA¢acia
cambagei woodland thickening in the Longreach district,eg@aslandRangeland
Journal27, 159-168.

Fensham, R.J. & Fairfax, R.J. (2008) Water-remaerier grazing relief in Australian
arid-landsBiological Conservatiori41, 1447-60.

Fensham, R. J., Fairfax, R. J. & Dwyer J. M. (2010@agetation responses to the first
20 years of cattle grazing in an Australian degsrtlogy91, 681-92.

Fensham, R.J., Fairfax, R.J. & Dwyer, J.M. (2018)eRtial aboveground biomass in
drought-prone forest used for rangeland pastoralisrological Application22,
894-908.

Fensham, R.J. & Holman, J.E. (1999) Temporal amdiappatterns in drought-related
tree dieback in Australian savandaurnal of Applied Ecology6, 1035-1050.

Fensham, R.J., Holman, J.E. & Cox, M.J. (1999) 4percies responses along a grazing
disturbance gradient in Australian grassladournal of Vegetation Sciend®,
77-86.

Fensham, R.J., Ponder, W.F. & Fairfax, R.J. (20Rdxovery plan for the community
of native species dependent on natural discharggafdwater from the Great
Artesian Basin. Department of the Environment, Waltteritage and the Arts,
Canberra. Queensland Department of Environment Resburce Management,
Brisbane.

Fensham, R.J., Powell, O.C. & Horne, J. (2011a) RKaiey plans to remote sensing:
vegetation change in the Mulga Lands of easterrirAlis and its implications for
land-useRangeland Journa33, 229-238.

Fensham, R.J. & Price, R.J. (2004) Ranking sprietamds in the Great Artesian Basin
of Australian using endemnicity and isolation ofaml species.Biological
Conservatiorl19 41-50.

150



Fensham, R.J., Silcock, J.L. & Dwyer, J.M. (201Pkgnt species richness responses to
grazing protection and degradation history in a Ipveductivity landscape.
Journal of Vegetation Scien@@, 997-1008.

Fensham R. J., Silcock, J.L. & Firn, J. (2014) Mgewhlivestock grazing is compatible
with the maintenance of plant diversity in semidesgasslandsEcological
Applications24, 503-17.

Fensham, R.J., Silcock, J.L., Kerezsy, A. & Pondr,(2011c) Four desert waters:
setting arid zone wetland conservation priorite®tigh understanding patterns of
endemismBiological Conservationl44, 2459-2467.

Fernandez-Gimenez, M.E. & Allen-Diaz, B. (1999) firgg a non-equilibrium model of
rangeland vegetation dynamics in Mongolilmurnal of Applied Ecolog$6, 871-
85.

Fiedler, P.L. & Ahouse, J.J. (1992) Hierarchiescafise: toward an understanding of
rarity in vascular plants species.@onservation biology: the theory and practice
of nature conservation managemdgids P.L. Fiedler & S.K. Jain), pp. 23-48.
Chapman and Hall, New York.

Field, J., Wroe, S., Trueman, C.N., Garvey, J. &fthppratt, S. (2013) Looking for the
archaeological signature in Australian Megafaunatinetions. Quaternary
International285, 76-88.

Finlayson, H.H. (1932aloprymnus campestrists recurrence and characters. South
Australian Museum, Adelaide.

Firn, J., Martin, T.G., Walters, B., Hayes, J., ®jcS., Chades, I. & Carwardine, J.
(2013) Priority Threat Management of Invasive FdaBpecies in the Lake Eyre
Basin. CSIRO & Queensland University of Technoldggsbane.

Fisher, A. (2001) Biogeography and conservationviitthell grasslands in northern
Australia. PhD thesis, Charles Darwin Universitgrin.

Fjeldsa, J. & Lovett, J.C. (1997) Geographical grat of old and young species in
African forest biota: the significance of specifitontane areas as evolutionary
centresBiodiversity and Conservatids) 325-346.

Flannery, T. (19947 he Future EatersReed Books, Melbourne.

Flather, C.H. & Sieg, C.H. (2007) Species raritgfinition, causes and classification. In
Conservation of Rare or Little-Known Species: biyidal, social and economic
considerations (Eds M.G. Raphael & R. Molina), pp. 40-66. IslaRdess,
Washington.

151



Foran, B.D., Low, W.A. & Strong, B.W. (1985) Thespense of rabbit populations and
vegetation to rabbit control on a calcareous shywgrassland in central Australia.
Australian Wildlife Research?, 237-47.

Forse, B. (1989) The myth of the marching dedégtv Scientisi21, 31-2.

Foster, D.R. (2000) From bobolinks to bears: ietgimg geographical history into
ecological studies, environmental interpretatiomd aconservation planning.
Journal of Biogeographg7, 27-30.

Forsyth, D.M., Parkes, J.P., Woolnough, A.P., RiskiG., Collins, M. & Gordon, 1.
(2009) Environmental and economic factors deterrtheenumber of feral goats
commercially harvested in Western Australlaurnal of Applied Ecolog¥6,
101-9.

Franklin, D.C. (1999) Evidence of disarray amongsstnivorous bird assemblages in
savannas of northern Australia, a region of sphrsean settlemenBiological
Conservatiorf0, 53-68.

Franks, A.J. (2002) The ecological consequencebufiiel grassCenchrus ciliaris
establishment within remnant vegetation of Queewk|®acific Conservation
Biology8, 99-107.

Frie, E.S., Scheepens, J.F. & Stocklin, J. (201i8p&sal and microsite limitation of a
rare alpine plant?lant Ecology213 395-406.

Friedel, M.H. (1997) Discontinuous change in aridodland and grassland vegetation
along gradients of cattle grazing in central AdgraJournal of Arid
Environments87, 145-64.

Friedel, M.H., Grice, A.C., Marshall, N.A. & van iKken, R.D. (2011) Reducing
contention amongst organisations dealing with coroially valuable but invasive
plants: the case of buffel gragsivironmental Science & Polid4, 1205-18.

Friedel, M.H., Sparrow, A.D., Kinloch, J.E. & Tongy, D.J. (2003) Degradation and
recovery processes in arid grazing lands of certustralia. Part 2: Vegetation.
Journal of Arid Environments5, 327-48.

Fuhlendorf, S.D., Briske, D.D. & Smeins, F.E. (2D6lerbaceous vegetation change in
variable rangeland environments: the relative couation of grazing and climatic
variability. Applied Vegetation Sciende177-188.

Fukada, Y., McCallum, H.l., Grigg, G.C. & Pople, RA. (2009) Fencing artificial
waterpoints failed to influence density and disttibn of red kangarod{acropus
rufus). Wildllife Researclt36, 457-465.

152



Gale, S.J. & Haworth, R.J. (2005) Catchment widéless from pre-agricultural time
to the present: transport-and supply-limitation esbsion. Geomorphology68,
314-33.

Gammage, B. (2011Jhe Biggest Estate on Earth: how Aborigines madstrAlia.
Allen & Unwin, Crows Nest, New South Wales.

Gammage, B. (1984) Tracing Sturt's footstedsurnal of the Royal Australian
Historical Societyr0, 52-60.

Gammage, B. (2010) Galahs (the distribution of lgmlan relation to Aboriginal and
European settlemen®wustralian Historical Studied0, 275-293.

Gao, H., Bohn, T.J., Podest, E., McDonald, K.C. &ttenmaier, D.P. (2011) On the
causes of the shrinking of Lake Chathvironmental Research Lette6s July-
September: 034021.

Garnett, S.T., Szabo, J.K. & Dutson, G. (20The Action Plan for Australian Birds
201Q CSIRO Publishing, Collingwood.

Gasteen, W.J. (1982) Trends and condition of Quaed's arid and semi-arid lands. In:
What Future for Australia's Arid Landg@ds J. Messer and G. Mosley), pp. 152-
5. Australian Conservation Foundation, Hawthorrctdfiia.

Gaston, K.J. (199Rarity. Chapman & Hall, London.

Gibson, N., Meissner, R., Markey, A.S. & ThompstvA. (2012) Patterns of plant
diversity in ironstone ranges in arid south west@wstralia. Journal of Arid
Environments77, 25-31.

Gill, N. (2005) Life and death in Australian 'hdands'" pastoralism, ecology and
rethinking the outbacklournal of Rural Studie2l, 39-53.

Given, D.R. (1994)Principles and Practice of Plant Conservatiomimber Press,
Portland.

Goforth, B.R. & Minnich, R.A. (2007) Evidence, exggation, and error in historical
accounts of chaparral wildfires in Californicological Applicationd, 779-790.

Golding, J.S. (2004) The use of specimen infornmaiidluences the outcomes of Red
List assessments: the case of southern Africant glaecimensBiodiversity and
Conservatiori3, 773-780.

Goldschmidt, W. (1981) The failure of pastoral depenent projects in Africa. InThe
Future of Nomadic Peopleg¢eds J. Galaty, D. Aranson, P. Salzman & A.

Chouinard). International Development Research &eftttowa.

153



Good, M.K., Price, J.N., Clarke, P.J. & Reid, N0I12) Dense regeneration of
floodplain Eucalyptus coolabahinvasive scrub or passive restoration of an
endangered woodland communifgangeland Journad4, 219-30.

Gordon, G., McGreevy, D.G., Lawrie, B.C. (1978) Tyalow-footed rock wallaby,
Petrogale xanthopusGray (Macropodiae) in Queenslandustralian Wildlife
Researclb, 295-297.

Goriup, P.D. (1997) The world status of the HoublawatardChlamydotis undulata
Bird Conservation International, 373-97.

Gott, B. (2005) Aboriginal fire management in sea#stern Australia: aims and
frequencyJournal of Biogeograph$2, 1203-1208.

Gouldie, A.J. & Middleton, N.J. (200@)esert Dust in the Global Systel@pringer,
Heidelberg.

Graz, F.P. (2008) The woody weed encroachment euzghathering pieces.
Ecohydrologyl, 340-8.

Greene, R.S.B. & Tongway, D.J. (1989) The signifaa of surface physical and
chemical properties in determining soil surface dibon of red earths in
rangelandsAustralian Journal of Soil Resear@, 213-25.

Greene, R.S.B., Kinnell, P.LLA. & Wood, J.T. (199bdle of plant cover and stock
trampling on runoff and soil erosion from semi-andooded rangelands.
Australian Journal of Soil Resear@2, 953-73.

Greenfell Thomas, R. (1919) Richard Greenfell Thesaiaries of the first medical
relief expedition amongst the Aborigines of south&ustralia. Royal Geographic
Society of Australasia, South Australian Branchekdble.

Greenville, A.C., Dickman, C.R., Wardle, G.M., LietnM. (2009) The fire history of an
arid grassland: the influence of antecedant rdirdald ENSO.International
Journal of Wildland Firel8, 631-639.

Gregory, A.C. (1884) Expedition in Search of Drdléardt - report of proceedings. In:
Gregory, A.C. & Gregory, F.T. (Eds.)JJournals of Australian Explorations
Government Printer, Sydney, pp.200-210.

Grice, A.C. & Barchia, I. (1992) Does grazing reelwsurvival of indigenous perennial
grasses of the semiarid woodlands of western NewthS@Vales.Australian
Journal of Ecologyl7, 195-205.

Grice, A.C. (2004) Weeds and the monitoring of biedsity in Australian rangelands.
Austral Ecology29, 51-8.

154



Grice, A.C. (2006) The impacts of invasive plante@ps on the biodiversity of
Australian rangelandf®angeland Journ&t8, 27-35.

Griffin, G.F. & Friedel, M.H. (1985) Discontinuoushange in central Australia: some
implications of major ecological events for land magementJournal of Arid
Environment®, 63-80.

Griffiths, M. & Barker, R. (1966) The plants eatby sheep and kangaroos grazing
together in a paddock in south-western Queensiafildlife Researciil, 145-67.

Griffiths, T. (2001) One hundred years of enviromtaé crisis.The Rangeland Journal
23, 5-14.

Gross, J.E., Kneeland, M.C., Reed, D.F. & Reichy.R(2002) GIS-based habitat
models for mountain goat3ournal of Mammalog)y83, 218-228.

Guthrie, W. (1940) Dust Bowl Ballads. Victor Recsytlew York City.

Hacker, R.B. & Alemseged, Y. (2014) Incorporatirgynied goats into sustainable
rangeland grazing systems in southern Australraveew. Rangeland Journa36,
25-33.

Hacker, R.B., Hodgkinson, K.C., Melville, G.J., Beal. & Clipperton, S.P. (2006)
Death Model for tussock perennial grasses: threshdbr grazing-induced
mortality of mulga Mitchell grassTyridolepis mitchelliana The Rangeland
Journal28, 105-14.

Hall, A.V. (1987) Threatened plants in the Fynbosl &aroo Biomes, South Africa.
Biological Conservatiod0, 29-52.

Hall, T.J. & Lee, G.R. (1980) Response of an Adaepp. grassland to heavy grazing
by cattle and light grazing by sheep in north-w€aieensland.Australian
Rangeland Journa?, 83-93.

Hardy, B. (1969)Vest of the Darlinglacaranda, Milton, Queensland.

Harper, J.L. (1981) The meanings of rarity. TThe Biological Aspects of Rare Plant
Conservation(Ed. H. Synge), pp. 189-203. John Wiley and S@mschester.

Harrington, G.N. (1986) Herbivore diet in a semddtucalyptus populneavoodland.
2. Feral goatsAustralian Journal of Experimental Agricultugs, 423-9.

Harris, W.G. & Loveday, R.J. (1862) Maps of John K¥day's route across the
continent of Australia, From Stuckey's Crossing ttee Gulf of Carpentaria:
compiled from Mr. McKinlay’'s journal in the Officef the Surveyor General.

Office of the Surveyor General, Adelaide.

155



Harrison, S. (1999) Local and regional diversityipatchy landscape: native, alien, and
endemic herbs on serpentiology 80, 70-80.

Harrison, S., Safford, H.D., Grace, J.B., Viersl.& Davies, K.F. (2006) Regional and
local species richness in an insular environmegpentine plants in California.
Ecological Monographsr6, 41-56.

Harshberger, J.W. (1903) The flora of the serpenbiarrens of southeast Pennsylvania.
Sciencel8, 339-343.

Hartley, W., Leigh, J. (197%ustralian Plants At RiskAustralian National Parks &
Wildlife Service, Canberra.

Hassall, D.C. (1977) The gen&siphorbiain Australia.Australian Journal of Botany
25, 429-453.

Haynes, G.D., Gilligan, D.M., Grewe, P. & Nichol&W. (2009) Population genetics
and management units of invasive common &yprinus carpioin the Murray-
Darling Basin, Australialournal of Fish Biology's, 295-320.

Heathcote, R. L. (1983)he Arid Lands : their use and abus®ngman, London.

Hellden, U. (1988) Desertification monitoring: ishet desert encroaching?
Desertification Control Bulletii7, 8-12.

Hercus, L. & Clarke, P. (1986) Nine Simpson Desertis. Archaeology in Oceanidl,
51-62.

Hernandez, H.M. & Barcena, R.T. (1996) Endangewatti ¢n the Chihuahuan Desert.
Il. Biogeography and conservatiddonservation Biology0, 1200-1209.

Herrmann, S.M. & Hutchinson, C.F. (2005) The chaggiontexts of the desertification
debateJournal of Arid Environment83, 538-55.

Herrmann, S. M., Anyamba, A. & Tucker, C.J. (200%cent trends in vegetation
dynamics in the African Sahel and their relatiopstio climate. Global
Environmental Change-Human and Policy Dimensibfs394-404.

Hiernaux, P. (1998) Effects of grazing on plant cgg® composition and spatial
distribution in rangelands of the Sahelant Ecologyl38 191-202.

Hobbs, R.J., Cramer, V.J., Kristijanson, L.J. (200&at happens if we cannot fix it?
Triage, palliative care and setting priorities eisising landscapesAustralian
Journal of Botanyp1, 647-653.

Hodgkinson, K.C. & Harrington, G.N. (1985) The céseprescribed burning to control

shrubs in eastern semi-arid woodlantigstralian Rangeland Journdl 64-74.

156



Hodgkinson, K.C. (1998) Sprouting success of shrafier fire: Height-dependent
relationships for different strategi€3ecologiall5, 64-72.

Hodgkinson, K.C. (2002) Fire regimes in Acacia weddlandscapes: effects on
functional processes and biodiversity, In: BradstdR.A., Williams, J.E., Gill,
M.A. (Eds.), Flammable Australia: the fire regimes and biodivgrsof a
continent Cambridge University Press, Cambridge, pp. 25B-27

Hodgkinson, W.O. (1877) North-West Explorationstlideentary Papers (24 January),
held by State Library of Queensland, Brisbane 208-226.

Holdaway, S.J., Fanning, P.C. & Witter, D.C. (2060¥historic aboriginal occupation
of the rangelands: interpreting the surface ardogéml record of far western
New South WaleRangeland Journa2?2, 44-57.

Holgrem, M., Stapp, P., Dickman, C.R., Gracia, @aham, S., Gutierrez, J.R., Hice,
C., Jaksic, F., Kelt DA, Letnic M, Lima M, Lopez B®leserve PL, Milstead WB,
Polis GA, Previtali MA, Richter M, Sabate, S., Squé-.A. (2006) Extreme
climatic events shape arid and semiarid ecosystémmtiers in Ecology and
Environmend, 87-95.

Hone, J. (1995) Spatial and temporal aspects délete pest damage with emphasis
on feral pigsJournal of Applied Ecolog$2, 311-9.

Hopper, S.D. & Gioia, P. (2004) The Southwest Aalgin Floristic Region: evolution
and conservation of a global hot spot of biodiwgrdhnnual Review of Ecology,
Evolution, and Systematic35, 623—650.

Howard, K.S.C., Eldridge, D.J. & Soliveres, S. (2DPositive effects of shrubs on plant
species diversity do not change along a gradiergrazing pressure in an arid
shrublandBasic and Applied Ecologh3, 159-68.

Hunt, L.P. (2001) Heterogeneous grazing caused kdction of edible perennial
shrubs: a matrix analysidournal of Applied Ecolog$8, 238-52.

Hunt, L.P. (2010) Spatial variation in the demodma@nd population dynamics of a
perennial shrubAtriplex vesicariad under sheep grazing in semi-arid Australian
rangelandsAustral Ecology35, 794-805.

Idris, H. (1996) Springs in EgypEnvironmental Geolog®7, 99-104.

lllius, A.W. & O'Connor, T.G. (1999) On the relexa@nof nonequilibrium concepts to
arid and semiarid grazing systeri&sological Application®, 798-813.

Imeson, A.C. (2012pesertification, Land Degradation and SustainapjlBlackwell-
Wiley, New Jersey.

157



IUCN (2001). International Union for the Consereatiof Nature Red List Categories.
Version 3.1. Prepared by the IUCN Species Survi€ammission. World
Conservation Union, Gland, Switzerland and Camlaridignited Kingdom

Jackson, J. (2005) Is there a relationship betvnegibaceous species richness and buffel
grass Cenchrus ciliari3? Austral Ecologys0, 505-17.

Jackson, J.B.C., Kirby, M.X., Berger, W.H., Bjorhd&.A., Botsford, L.W., Bourque,
B.J., Bradbury, R.H., Cooke, R., Erlandson, J.e§si.A., Hughes, T.P., Kidwell,
S., Lange, C.B., Lenihan, H.S., Pandolfi, J.M.,elPmin, C.H., Steneck, R.S.,
Tegner, M.J., Warner, R.R. (2001) Historical ovaring and the recent collapse
of coastal ecosystemScience293 629-638.

Jackson, R.D. & Bartoleme, J.W. (2002) A statediion approach to understanding
nonequilibrium plant community dynamics in Calif@n grasslandsPlant
Ecologyl162 49-65.

Jacobsen T. & Adams R. M. (1958) Salt and siltnoi@nt Mesopotamian agriculture.
Sciencel28 1251-8.

James, C.D., Landsberg, J. & Morton, S.R. (199@yiBion of watering points in the
Australian arid zone: a review of effects on bicaurnal of Arid Environments
41, 87-121.

Jessup, J. (Ed.) (198Klora of Central Australia Australian Systematic Botany
Society, Reed Books Pty Ltd, Sydney.

Jiao, J.J. (2010) Crescent Moon Spring: a disappgaratural wonder in the Gobi
Desert, ChinaGroundwate8, 159-63.

Jobson, R. (2013) Five new speciesUtficularia (Lentibulariaceae) from Australia.
Telopeal5, 127-142.

Johnson, B.J., Miller, G.H., Magee, J.W., GaganK MFogel, M.L. & Quay, P.D.
(2005) Carbon isotope evidence for an abrupt recludh grasses coincident with
European settlement of Lake Eyre, South Austrdlee Holocend5, 888-96.

Johnson, C.N. (2006)Australia’s Mammal Extinctions: a 50,000 year higto
Cambridge University Press, Port Melbourne.

Johnson, C.N. & lIsaacs, J.L. (2009) Body mass axtthation risk in Australian
marsupials: the ‘critical weight range’ revisitéistral Ecology34, 35-40.

Johnson, C.N., Isaacs, J.L. & Fisher, D.O. (200@)itR of a top predator triggers
continent-wide collapse of mammal prey: dingoes arafsupials in Australia.
Proceedings of the Royal Societg B4, 341-6.

158



Jones, P. & Burrows, W.H. (1994) State and tramsithodels for rangelands. 13. a state
and transition model for the mulga zone of soutlstw®ueenslandTropical
Grassland28, 279-83.

Joseph, L.N., Maloney, R.F. & Possingham, H.P. 2@ptimal allocation of resources
among threatened species: a project prioritizgtiatocol. Conservation Biology
23, 328-338.

Jurado, E. & Westoby, M. (1992) Germination biolagfyselected central Australian
plants.Australian Journal of Ecolog¥7, 341-348.

Kadmon, R., Farber, O., Danin, A. (2004) Effectro&dside bias on the accuracy of
predictive maps produced by bioclimatic moddtsological Applicationsl4,
401-413.

Karst, J., Gilbert, B. & Lechowicz, M.J. (2005) Resommunity assembly: the roles of
chance and the environment at local and intermediedlesEcology 86, 2473-
2486.

Keighery, G.J., Gibson, N., Van Leeuwen, S., LyoREN. & Patrick, S. (2007)
Biological survey and setting priorities for floreonservation in Western
Australia.Australian Journal of Botany5, 308-315.

Keith, D.A. (1998) An evaluation and modificatioh World Conservation Union Red
List Criteria for classification of extinction risk vascular plantsConservation
Biology 12, 1076-1090.

Keith, D.A. (2000) Sampling designs, field techrequand analytical methods for
systematic plant population surveysological Management and Restoratibn
125-139.

Kennedy, M.., Phillips, B.L., Legge, S., MurphyAS.& Faulkner, R.A. (2012) Do
dingoes suppress the activity of feral cats inhmeam Australia?Austral Ecology
37, 134-9.

Kerezsy, A. & Fensham, R.J. (2013) Conservatiothefendangered red-finned blue-
eye, Scaturiginichthys vermeilipinnisand control of alien eastern gambusia,
Gambusia holbrookiin a spring wetland complexMarine and Freshwater
Researcl64, 851-63.

Kerezsy, A. (2010) The distribution, recruitmentdamovement of fish in far western
Queensland. PhD thesis, Griffith University, Brisba

159



Kerle, J.A., Foulkes, J.N., Kimber, R.G. & Papenfls (1992) The decline of the
brushtail possum,Trichosurus vulpecular(Kerr 1798) in arid Australia.
Rangeland Journal4, 107-127.

Khairo, S.A., Hacker, R.B., Atkinson, T.L. & TurnbuG.L. (2013) Alternative
strategies for management of feral goats: imphceti for natural resource
management policies in New South Wales rangelaRdsigeland JournaB5,
201-10.

Khalaf, F.I. & Alajmi, D. (1993) Aeolian processasd sand encroachment problems in
Kuwait. Geomorphology, 111-34.

Khan, T.I., Dular, A.K. & Solomon, D.M. (2003) Biogrsity conservation in the Thar
Desert, with emphasis on endemic and medicinaltgldhe Environmentalis23,
137-144.

Kimber, R.G. (1983) Black lightning: Aborigines afick in Central Australia and the
Western DeserArchaeology in Oceani8, 38-45.

Kirkpatrick, J.B. (2007) Collateral benefit: uncoisis conservation of threatened plant
speciesAustralian Journal of Botang5, 221-224.

Knighton, A.D. & Nanson, G.C. (1994) Waterholes atieir significance in the
anastomosing channel system of Cooper Creek, Aiast@eomorphology, 311-
324.

Kotlyakov, V.M. (1991) The Aral Sea basin: a ceatienvironmental zon€&nvironment
33, 36-8.

Kowald, M. & Johnson, W.R. (1992fou Can’t Make It Rain: the story of the North
Australian Pastoral Company, 1887-19®oolarong Publications, Brisbane.
Kruckenberg, R. & Rabinowitz, D. (1985) Biologicaspects of endemism in higher

plants.Annual Review of Ecology and Systematiés447-479.

Kumar, S. & Mathur, M. (2014) Impact of invasion Byosopis juliflora on plant
communities in arid grazing landBropical Ecologyb5, 33-46.

Kunin, W.E. & Gaston, K.J. (1993) The biology ofritg patterns, causes and
consequence3rends in Ecology and Evolutid@) 298-301.

Lahav-Ginott, S., Kadmon, R. & Gersani, M. (2001gkiating the viability of Acacia
populations in the Negev Desert: a remote sensipgroach. Biological
Conservatior98, 127-37.

Laliberte, A.S. & Ripple, W.J. (2004) Range conti@ts of North American carnivores
and ungulatesBioSciencé4, 123-38.

160



Lamprey, H. (1988) Report on the desert encroachmsronnaissance in northern
Sudan: 21 October to 10 November 1998Bsertification Control Bulletii7, 1-7.

Landsberg, J. & Clarkson, J. (2004) ThreatenedtplahCape York Peninsula. Report
to Australian Government Department of Environmeamd Heritage. Queensland
Parks and Wildlife Service, Cairns.

Landsberg, J., James, C.D., Maconochie, J., NighAllO., Stol, J. & Tynan, R. (2002)
Scale-related effects of grazing on native plamhmnities in an arid rangeland
region of South Australialournal of Applied Ecolog$9, 427-44.

Landsberg, J., James, C.D., Morton, S.R., Hoblis, $tol, J., Drew, A. & Tongway, H.
(1997) The Effects of Artificial Sources of Waten &kangeland Biodiversity.
Final report to the Biodiversity Conservation antrategy Section of the
Biodiversity Group. Environment Australia, Canberra

Landsberg, J., James, C.D., Morton, S.R. & Mulkf,J. (2003) Abundance and
composition of plant species along grazing gradient Australian rangelands.
Journal of Applied Ecologg0, 1008-24.

Landsberg, J. & Stol, J. (1996) Spatial distribatef sheep, feral goats and kangaroos
in woody rangeland paddockehe Rangeland JournalB, 270-91.

Landsborough, W. (1862)ournal of Landsborough’s expedition from Carpergan
search of Burke and Wills with a map showing hisiteo F.F. Bailliere,
Melbourne.

Lange, R.T. & Graham, C.R. (1983) Rabbits and thaure of regeneration in
Australian arid zone Acaci@ustralian Journal of Ecolog§, 377-81.

Lange, R.L. & Willcocks, M.C. (1980) Experiments tre capacity of present sheep
flocks to extinguish some tree populations of theut8 Australian arid zone.
Journal of Arid Environment3, 223-9.

Latz, P. (2007Yhe Flaming DesertPeter Latz, Alice Springs.

Lavergne, S., Thuiller, W., Molina, J. & Debussci, (2005) Environmental and
human factors influencing rare plant local occucegrextinction and persistence:
a 115-year study in the Mediterranean regitournal of Biogeography32, 799—
811.

Leigh, J.H., Briggs, J., Hartley, W. (1981) Rare Tnreatened Australian Plants.

Australian National Parks and Wildlife Service, Garra.

161



Leigh, J.H., Wood, D.H., Holgate, M.D., Slee, A.&anger, M.G. (1989) Effects of
rabbit and kangaroo grazing on two semi-arid gasklcommunities in central
western New South Wale&ustralian Journal of Botan$7, 375-96.

Letnic, M. (2000) Dispossession, degradation artthetkon: environmental history in
arid AustraliaBiodiversity and Conservatid® 295-308.

Lewis, J.H. (1876) Journal of Mr Lewis’s Lake EyE&pedition, Parliamentary Papers
of South Australian Parliament, Adelaide.

Li, C.L., Jiang, Z.G., Fang, H.X. & Li, C.W. (2013 spatially explicit model of
functional connectivity for the endangered PrzeWwals gazelle Procapra
przewalski) in a patchy landscapBlos OneB, issue 11.

Lim, T.L. & Giles, J.R. (1987) Studies on yelloweted rock wallaby,Petrogale
xanthopusGray (Marsupialia: Macropodiae) Ill. Distributiomé management in
western New South Wale&ustralian Wildlife Research4, 147-161.

Lister, A.M. & Climate Change Research Group (20M&}ural history collections as
sources of long-term datasetsends in Ecology and Evolutid®6, 153-154.

Loew, F., Navratil, P., Kotte, K., Scholer, H.F.Bubenzer, O. (2013) Remote-sensing-
based analysis of landscape change in the degicsatdbed of the Aral Sea: a
potential tool for assessing the hazard degree wdt cand salt storms.
Environmental Monitoring and Assessm&&b, 8303-19.

Loranzo, F.D., Saiz, J.C.M & Ollero, H.S. (2003)riBaand threat relations in the
conservation planning of Iberian florBiodiversity and Conservatioh2, 1861-
1882.

Lorentz, P. (1936)he Plow That Broke the Plain (FilmYnited States Resettlement
Administration.

Luiz, O.J., Edwards, A.J. (2011) Extinction of adhpopulation in the Archipelago of
Saint Paul's Rocks (equatorial Atlantic) inferrecbrh the historical record.
Biological Conservatiori44, 2873-2881.

Lundie-Jenkins, G. & Payne, A. (2000) Recovery Planthe Julia Creek dunnart
(Sminthopsis douglasi 2000-2004. Queensland National Parks & Wildlife
Service, Brisbane.

Lunney, D. (2001) Causes of the extinction of rativammals of the Western Division
of New South Wales: an ecological interpretation tioé nineteenth century

historical recordThe Rangeland JournaB, 44-70.

162



Lunt, 1. (1998) Two hundred years of land use aegetation change in remnant coastal
woodland in southern AustraliAustralian Journal of Botans6, 629-647.

Mabbutt, J.A. (1984) A new global assessment okthtus and trends of desertification.
Environmental Conservatiatil, 103-13.

Mabbutt, J.A. (1986) Desertification indicato®imatic Change, 113-22.

Mabit, L., Benmansour, M. & Walling, D.E. (2008) @parative advantages and
limitations of the fallout radionuclides Cs-137,-Pb0(ex) and Be-7 for assessing
soil erosion and sedimentatiaiournal of Environmental Radioactivif, 1799-
807.

MacDougall, A.S. (2008) Herbivory, hunting, and determ vegetation change in
degraded savannBiological Conservatiori4l, 2174-2183.

MacDougall, A.S., Loo, J.A., Clayden, S.R., GoliZ;. & Hinds, H.R. (1998) Defining
conservation priorities for plant taxa in southeastNew Brunswick, Canada
using herbarium recordBiological Conservatio86, 325-338.

Mace, G.M., Collar, N.J., Gaston, K.J., Hilton-Tayl C., Akcakaya, H.R., Leader-
Williams, N., Milner-Gulland, E.J. & Stuart, S.N2d08) Quantification of
extinction risk: IUCN's system for classifying tatened specie€onservation
Biology 22, 1424-1442.

Mack, R.N., Simberloff, D., Lonsdale, W.M., Evars,, Clout, M. & Bazzaz F.A.
(2000) Biotic invasions: causes, epidemiologypglaconsequences, and control.
Ecological Applicationd.0, 689-710.

Maconochie, J.R. (1982) Regeneration of arid zofentg: a floristic survey. In
Evolution of the Flora and Fauna of Arid Austral{gds W.R. Barker & P.J.M.
Greenslade), pp. 141-144. Peacock Publicationslafiie

Magee, J.W., Miller, G.H., Spooner, A.N. & Queska. (2009) Continuous 150 k.y.
monsoon record from Lake Eyre, Australia: insolatiorcing implications and
unexpected Holocene failuréeology32, 885-888.

Marcot, B.G. & Molina, R. (2007) Special considéerat for the science, conservation
and management of rare or little-known specie§;dnservation of Rare or Little-
Known Species: biological, social and economic wmerations (Eds M.G.
Raphael & R. Molina), pp. 93-124. Island Pressskiagton.

Marsh, G.P. (1965Man and Nature (published 1864Belknap Press of Harvard

University Press, Cambridge.

163



Marshall, A.J. (1966)The Great Extermination: a guide to Anglo-Australieupidity
wickedness and wasté/illiam Heinemann Ltd, Melbourne.

Martorell, C. & Peters, E.M. (2005) The measurema&nthronic disturbance and its
effects on the threatened -cactuslammillaria pectinifera Biological
Conservation124, 199-207.

Maslin, B.R. (2001) WATTLE: Acacias of Australialéetronic resource). Australian
Biological Resources Study, Canberra.

Matthes, U. & Larson, D.W. (2006) Microsite andnwditic controls of tree population
dynamics: an 18-year study on cliffmurnal of Ecology94, 402—-414.

McDonald, L.L. (2004) Sampling rare populations, Sampling Rare or Elusive
Species: concepts, designs, and techniques fonatstig population parameters
(ed. W.L. Thompson), pp. 11-42. Island Press, Weithn.

Mcintyre, S. (1992) Risks associated with the sgttf conservation priorities from rare
plant species listBiological Conservatio®0, 31-37.

McKenzie, N.L., Burbidge, A.A., Baynes, A., BrerefdR.N., Dickman, C.R., Gordon,
G., Gibson, L.A., Menkhorst, P.W., Robinson, A Williams, M.R. & Woinarski,
J.C.Z. (2007) Analysis of factors implicated in tezent decline of Australia's
mammal faunalournal of Biogeograph$4, 597-611.

McKeon G., Hall W., Henry B., Stone G. & Watsor{d004)Pasture Degradation and
Recovery in Australia's Rangelands: learning fromistdry. Queensland
Department of Natural Resources, Mines and Ené&dgbane.

McKinlay, J.M. (1863) Explorations in the interiof Australia by the Burke relief
expedition.Proceedings of the Royal Geographic Society of barfg 84-90.
McMahon, T.A., Murphy, R.E., Peel, M.C., CostellaeF. & Chiew, F.H.S. (2008)
Understanding the surface hydrology of the LakeeBasin: Part 2 — streamflow.

Journal of Arid Environmentg2, 1869-1886.

McManus, M. (1916Reminiscences of the early settlement of the Marddistrict in
the late fifties and early sixtiek.A. Howard, Brisbane.

McNeely, J. A. (2003) Biodiversity in arid regionglues and perceptiondournal of
Arid Environment$4, 61-70.

McRae, P. D. (2004) Aspects of the Ecology of thea&er Bilby,Macrotis lagotis in
Queensland. Masters Thesis, University of Sydnggn8y.

164



McTainsh, G.H., Chan, Y.-C., McGowan, H., Leys,&Tews, K. (2005) The 23rd
October 2002 dust storm in eastern Australia: dtarestics and meteorological
conditions. Atmospheric EnvironmeB®, 1227-36.

Médail, F. & Diadema, K. (2009) Glacial refugialirdnce plant diversity patterns in the
Mediterranean Basidournal of Biogeographyd6, 1333—-1345.

Meyer, S.E. (1986) The ecology of gypsophile endemin the eastern Mojave Desert.
Ecology67, 1303-1313.

Migliore, J., Baumel, A., Juin, M., Fady, B., Ro#y,, Duong, N. & Médail, F. (2013)
Surviving in mountain climate refugia: new insightsm the genetic diversity and
structure of the relict shruMyrtus nivellei (Myrtaceae) in the Sahara Desert.
PL0oS ONES8, e73795.

Milchunas, D.G. & Lauenroth, W.K. (1993) Quantitati effects of grazing on
vegetation and soils over a global range of enwirents.Ecological Monographs
63, 327-66.

Milchunas, D.G. & Noy-Meir, I. (2002) Grazing refesy external avoidance of
herbivory and plant diversitpikos 99, 113-130.

Milchunas, D.G., Sala, O.E. & Lauenroth, W.K. (1988 generalised model of the
effects of grazing by large herbivores on grasslaminmunity structure.
American Naturalisii32 87-106.

Miles, R.L. (1993) Soil Degradation Processes iBemi-Arid Woodland. PhD thesis,
School of Australian Environmental Studies, Griffiiniversity, Brisbane.

Miller, G.H., Fogel, M.L., Magee, J.W., Gagan, M.KClarke, S.J. & Johnson B.J.
(2005) Ecosystem collapse in Pleistocene Australd a human role in
megafaunal extinctiorScience809, 287-90.

Miller, G., Friedel, M., Adam, P. & Chewings V. (20) Ecological impacts of buffel
grass (Cenchrus ciliaris L.) invasion in centrals&alia - does field evidence
support a fire-invasion feedbackRangeland Journa®2, 353-65.

Mills, J.R. (1986) Degradation and rehabilitatiohtioe mulga ecosystem, In: Sattler,
P.S. (Ed.)The Mulga LandsRoyal Society of Queensland, Brisbane, pp. 79-83.

Mills, J.R., Turner, E.J. & Caltobiano, T. (1989and degradation in South-Western
Queensland. Queensland Department of Primary IndsisBrisbane.

Mills, J.R., Ahern, C.R., Purdie, R.W. & McDonaldy.J.F. (1990) Western Arid
Region Land Use Study Part Ill. Technical Bulle@®. Division of Land

Utilisation, Queensland Department of Primary Indas, Brisbane.

165



Milson, J. (2000apPasture Plants of North-West Queensla@uieensland Department
of Primary Industries, Brisbane.

Milson, J (2000b)rees and Shrubs of North-West Queensl&@ueensland Department
of Primary Industries, Brisbane.

Milton, S.J. & Dean, W.R.J. (1995) South Africalsdaand semiarid rangelands: why
are they changing and can they be restoréd?ironmental Monitoring and
Assessmerd’, 245-64.

Milton, S.J., Dean, W.R.J., du Plessis, M.A. & Siegl, W.R. (1994) A conceptual
model of arid rangeland degradati®&oSciencel4, 70-6.

Minchin, P.R. (1991) DECODA user's manual. Resedsdhool of Pacific Studies,
Australian National University, Canberra.

Minnis, P.E. (2000) Prehistoric agriculture andhaopogenic ecology of the North
American Southwest. Inthe Archaeology of Drylands: Living at the Mardets
G. Barker & D. Gilbertson), pp. 271-87. Routledgendon.

Mitchell, P.B. (1991) Historical perspectives onmenvegetation and soil changes in
semi-arid New South Walegegetatiad®l, 169-82.

Mitchell, T.L. (1847)Journal of an Expedition into Tropical Australia Bearch of a
Route from Sydney to the Gulf of Carpentatimiversity of Adelaide Library

Electronic Texts Collection, http://ebooks.adelaide.edu.au/m/mitchell/thomas

[accessed 1 September 2007].

Mokany, K. & Adam, P. (2000) The biogeographicatibtites of the threatened flora of
New South WalesCunninghamig, 873-892.

Montague-Drake, R. & Croft, D.B. (2004) Do kangas@xhibit water-focussed grazing
patterns in arid New South Wale&@stralian Mammalogy26, 87—100.

Moore, R.M. & Walker, J. (1972Fucalyptus populneahrub woodlands: control of
regenerating trees and shruBsstralian Journal of Experimental Agriculture and
Animal Husbandryl2, 437-40.

Moore, J.L., Howden, S.M., McKeon, G.M., CarteQJ& Scanlan, J.C., 2001. The
dynamics of grazed woodlands in southwest Queethskumstralia and their effect
on greenhouse gas emissidaayvironment Internationa7, 147-153.

Moore, K.A. & Elmendorf, S.C. (2006) Propagule wghe limitation: untangling the
mechanisms behind plant species’ distributidtlogy Letters9, 797-804.

166



Morrison, D.A., Le Broque, A.F. & Clarke, P.J. (B9An assessment of some
improved techniques for estimating the abundanceqgency) of sedentary
organismsVegetatiol20, 131-45.

Morse, L.E. (1996) Plant rarity and endangermeniNorth America. InRestoring
Diversity: reintroduction of endangered plantEds DA Falk, CI Millar, M
Olwell), pp. 7-22. Island Press, Washington DC.

Morton, S.R. (1990) The impact of European settlenun the vertebrate animals of
arid Australia: a conceptual modétroceedings of the Ecological Society of
Australial6, 201-13.

Morton, S.R., Stafford Smith, D. M., Dickman, C.Runkerley, D.L., Friedel, M.H.,
McAllister, R.R.J., Reid, J.R.W., Roshier, D.A., f8fm M.A., Walsh, F.J.,
Wardle, G.M., Watson, [.W. & Westoby, M. (2011) Aes$h framework for the
ecology of arid Australialournal of Arid Environments5, 313-29.

Moseby, K.E. & Kemper, C. (2008pseudomys australisThe IUCN Red List of
Threatened Species. Version 2014.2. Onlinenatv.iucnredlist.orglaccessed 20
July 2014].

Moustafa, A.E.A. & Zaghloul, M.S. (1996) Environnteand vegetation in the montane

Saint Catherine area, south Sinai, Egypurnal of Arid Environmenjs84, 331—
349.

Murray, B.R., Rice, B., Keith, D.A., Myerscough,JR. Floyd, A.G., Mills, K. &
Westoby, M. (1999) Species in the tail of rank-atance curvesEcology 80,
1806-1816.

Muturi, G.M., Poorter, L., Mohren, G.M.J. & Kigom&,.N. (2013) Ecological impact
of Prosopisspecies invasion in Turkwel riverine forest, Kenyaurnal of Arid
Environment®92, 89-97.

Nanson, G.C., Price, D.M., Jones, B.G., Marouli§.,JColeman, M., Bowman, H.,
Cohen, T.J., Pietsch, T.J., Larsen, J.R. (2008)wdl evidence for major climate
and flow regime changes during the middle and RQteaternary in eastern
Australia.Geomorphology.01, 109-129.

Nash, M.S., Whitford, W., de Soyza, A.G., Van Zéal)N. & Havstad, K.M. (1999)
Livestock activity and Chihuahuan Desert annuaipleommunities: boundary
analysis of disturbance gradieriesological Application®, 814-23.

Nater, T., Duchrow, A. & Sorensen, L. (2008) Desesrtion: coping with today’s

global challenges in the context of the strategyhefUnited Nations Convention

167



to Combat Desertification. Deutsche Gesellschafiféchnische Zusammenarbeit
(GTZ), High-Level Policy Dialogue, Bonn, May 27,08

New South Wales National Parks and Wildlife Servig@00) Flame spider flower
(Grevillea kennedyanaecovery plan. NSW National Parks and Wildlifegee:
Hurtsville.

Newsome, A.E. (1965) The distribution of red kawoga; Megalia rufa (Desmarest),
about sources of persistent food and water in aeAurstralia.Australian Journal
of Zoology 13, 289-299.

Newsome, A.E. (1975) An ecological comparison @& tvo arid-zone kangaroos of
Australia, and their anomalous prosperity sinceitti@duction of ruminant stock
to their environmenQuarterly Review of Biology0, 389-424.

Noble, J.C. (1997The Delicate and Noxious Scrub: CSIRO studies divenéree and
shrub proliferation in the semi-arid woodlands adstern Australia CSIRO,
Canberra.

Noble, J.C., Muller, W.J., Detling, J.K. & Pfitzngt.H. (2007) Landscape ecology of
the burrowing bettong: warren distribution and padgnamics in semiarid eastern
Australia.Austral Ecology32, 326-37.

Nolan, C. (2003pandhills and Channel Countripiamantina Shire Council, Bedourie.

Norman, P., Denham, R. & Calvert, M. J. (2014) Lhiistories of two arid-zone shrubs
change with differences in habitat, grazing andhate. Rangeland JournaB6,
249-57.

Noumi, Z., Touzard, B., Michalet, R. & Chaieb, N20(0) The effects of browsing on
the structure ofcacia tortilis(Forssk.) Hayne ssjaddiana(Savi) Brenan along a
gradient of water availability in arid zones of Tsia. Journal of Arid
Environments4, 625-31.

Noy-Meir, 1. (1973) Desert ecosystems: environmamd producersAnnual Review of
Ecology and Systematids25-51.

Oba, G., Stenseth, N.C. & Lusigi, W.J. (2000) Neavspectives on sustainable grazing
management in arid zones of sub-saharan AfBa@sciences0, 35-50.

O'Connor, T.G. & Roux, P.W. (1995) Vegetation ches§1949-71) in a semi-arid,
grassy dwarf shrubland in the Karoo, South Africfluence of rainfall variability
and grazing by sheepournal of Applied Ecolog$2, 612-26.

168



Ogle, K. & Reynolds, J.F. (2004) Plant responseprézipitation in desert ecosytems:
integrating functional types, pulses, thresholds] delays.Oecologial4l, 282-
294.

Okin, G.S., Murray, B. & Schlesinger, W.H. (2001)eddadation of sandy arid
shrubland environments: observations, process rmogleland management
implications.Journal of Arid Environment47, 123-44.

Orr, D.M. (1981) Changes in the quantitative flocs in some Astrebla spp. (Mitchell
Grass) communities in south-western Queenslandlation to trends in seasonal
rainfall. Australian Journal of Botang9, 533-45.

Orr, D.M. (1991). Trends in the recruitment Atrebla spp. in relation to seasonal
rainfall. Rangeland Journal3, 107-117.

Orr, D.M. (1992)Astreblagrasslands - a resilient ecosysté&bonference Proceedings,
7th Biennial Conference, The Australian Rangelaod&y.

Orr, D.M., Evenson, C.J., Lehane, J.K., Bowly, RSCowan, D.C. (1993) Dynamics
of perennial grasses with sheep grazingéacia aneuravoodlands in south-west
QueenslandTropical Grassland27, 87-93.

Orr, D.M. & Phelps, D.G. (2013) Impacts of level ofilisation by grazing on an
Astrebla (Mitchell grass) grassland in north-western Quissts between 1984
and 2010. 2. Plant species richness and abunddaogeland Journad5, 17-28.

Osmond, R. (2003) Control and management optionsnisquite Prosopisspp.) in
Australia. Department of Natural Resources and BjiBgisbane.

Oxley, R.E. (1987a) Analysis of historical records a grazing property in south-
western Qld. 1. Aspects of the patterns of develmpmand productivity.
Australian Rangeland Journ8l 21-9.

Oxley, R.E. (1987b) Analysis of historical records a grazing property in South-
Western Queensland 2. Vegetation changestralian Rangeland Journ&, 30-
8.

Parkes, J., Henzell, R. & Pickles G. (1996) Mangguertebrate pests: Feral goats.
Bureau of Resource Sciences/CSIRO Division of Wédind Ecology, Canberra.

Parmentier, 1., Stévart, T. & Hardy, O.J. (2005 Thselberg flora of Atlantic Central
Africa. |I. Determinants of species assemblagksirnal of Biogeography32,
685—-696.

169



Parsons, R.F. (2000) Enrichment-planting of the dyoolimbersMarsdenia australis
and Rhyncharrhena linearign north-western VictoriaProceedings of the Royal
Society of Victorid 28 61-66.

Parsons, R.F. & Browne, J.H. (1982) Causes of @peties rarity in semi-arid southern
Australia.Biological Conservatior24, 183-192.

Parsons, W.T. & Cuthbertson, E.G. (2009xious Weeds of Australia (2nd edn)
CSIRO Publishing, Collingwood.

Partel, M., Kalamees, R., Reier, U., Tuvi, E.L.,0Raluste, E., Vellak, A., Zobel, M.,
(2005) Grouping and prioritization of vascular plapecies for conservation:
combining natural rarity and management neBublogical Conservationl23
271-278.

Patten, D.T., Rouse, L. & Stromberg, J.C. (2008)ated spring wetlands in the Great
Basin and Mojave Deserts, USA: Potential respofisegetation to groundwater
withdrawal.Environmental Managemedt, 398-413.

Pearce, T. & Bytebier, B. (2002) The role of anbaeium and its database in supporting
plant conservation. InPlant Conservation in the Tropics: perspectives and
practice(Eds M. Maunder, C. Clubbe, C. Hankamer, M. Grpves.49-67. Royal
Botanic Gardens, Kew.

Perevolotsky, A. & Seligman, N. (1998) Role of gnazin Mediterranean rangeland
ecosystemsBioSciencel8, 1007-17.

Perkins, J.S. & Thomas, D.S.G. (1993) Environmengsponses and sensitivity to
permanent cattle ranching, semi-arid western ce®oaswana. In:Landscape
Sensitivity(eds D. S. G. Thomas and R. J. Allison), pp. 283Xhn Wiley and
Sons, Chichester.

Phelps, D.G. & Bosch, O.J.H. (2002) A quantitatstate and transition model for the
mitchell grasslands of central western QueenslRadglelan?24, 242-67.

Phelps, D., Lynes, B.C., Connelly, P.T., HorrodRs]., Fraser, G.W. & Jeffery, M.R.
(2007) Sustainable grazing in the channel coundydplains (phase 2). Report to
Meat & Livestock Australia, North Sydney.

Pickard, J. (1994) Post-European changes in creklsemi-arid rangelands, Polpah
Station, New South Wales. InEnvironmental Change in Drylands:
Biogeographical and geomorphological perspectifieds A.C. Millington and K.
Pye), pp. 271-84. John Wiley & Sons, Chichester.

170



Pickup, G. (1989) New land degradation survey tegres for arid Australia - problems
and prospectfangeland Journall, 74-82.

Pieri, L., Bittell, M. & Pisa, P.R. (2006) Laseiiffdaction, transmission electron
microscopy and image analysis to evaluate a bimGaaissian model for particle
size distribution in soils<Geodermal35 118-32.

Pineiro, J.C. & Bates, D.M. (2004)ixed effects models in S and S-plBpringer, New
York.

Ponder, W.F. (2003) Endemic aquatic macroinvertebraf artesian springs of the
Great Artesian Basin- progress and future direstidRecords of the South
Australian Museum Monograph Serigsl01-10.

Ponder, W.F., Carter, G.A., Flemons, P., ChapmaR, R001) Evaluation of museum
collection data for use in biodiversity assessmé€onnservation Biologyl5, 648-
657.

Ponder, W.F. & Slatyer, C (2007) Freshwater moBuiscthe Australian arid zone. In
Animals of arid Australia: out on their own{Eds C. Dickman, D. Lunney & S.
Burgin), pp. 1-13. Royal Zoological Society of N&outh Wales, Mosman.

Poot, P. & Lambers, H. (2003) Are trade-offs iroedition pattern and root morphology
related to species abundance? A congeneric coropafietween rare and
common species in the south-western Australiarafldournal of Ecology 91,
58-67.

Poot, P. & Lambers, H. (2008) Shallow-soil endemiadglaptive advantages and
constraints of a specialized root-system morphaldigw Phytologist178 371—
381.

Popay, I. & Field, R. (1996) Grazing animals as aveentrol agentsiVeed Technology
10, 217-31.

Pople, A.R. & Grigg, G. (2001) Commercial Harvegtiof Kangaroo in Australia.
Environment Australia, Canberra

Pople, A.R. & Froese, J. (2012) Distribution, abaimce and harvesting of feral goats in
the Australian rangelands, 1984-2011. Final reporthe ACRIS Management
Committee. Queensland Department of Employmentn&tic Development and
Innovation, Brisbane.

Porembski, S. & Barthlott, W. (2000) Granitic andegssic outcrops (inselbergs) as
centers of diversity for desiccation-tolerant vadacylants.Plant Ecology 151,
19-28.

171



Porembski, S., Martinelli, G., Ohlemdiller, R. & Baott, W. (1998) Diversity and
ecology of saxicolous vegetation mats on inselbengshe Brazilian Atlantic
rainforest.Diversity and Distributions4, 107-119.

Porter, J.L., Kingsford, R.T. & Brock, M.A. (200Beed banks in arid wetlands with
contrasting flooding, salinity and turbidity regim@lant Ecologyl88 215-234.

Possingham, H.P., Andelman, S.J., Burgman, M. Adé&llm, R.A., Master, L.L., Keith,
D.A. (2002) Limits to the use of threatened spedtists. Trends in Ecology &
Evolution17, 503-507.

Powell, O.C., Silcock, J.L. & Fensham, R.J. (200&@)ses to oblivion: the rapid demise
of springs in the south-eastern Great Artesian rBa8ustralia. Groundwater
Published online 18 December 2013, DOI: 10.1111{¢\R4a47.

Preece, L.D., Duguid, A.W. & Albrecht, D.E. (200Zhvironmental determinants of a
restricted cycad in central Australidacrozamia macdonnellii Australian
Journal of Botany5, 601-607.

Preece, N. (2002) Aboriginal fires in monsoonal #alg&a from historical accounts.
Journal of Biogeograph9, 321-336.

Prendergast, J.R., Quinn, R.M., Lawton, J.H., Bvars, B.C. & Gibbons, D.W. (1993)
Rare species, the coincidence of diversity hotspot$ conservation strategies.
Nature365, 335-337.

Preston, F.W. (1948) The commonness, and raritypetiesEcology29, 254-283.

Pringle, H.J.R. & Landsberg, J. (2004) Predictihg tlistribution of livestock grazing
pressure in rangeland&ustral Ecology?29, 31-9.

Prowse, T.A.A., Johnson, C.N., Bradshaw, C.J.A.&dk, B.W. (2014) An ecological
regime shift resulting from disrupted predator-pregeractions in Holocene
Australia.Ecology95, 693-702.

Purdie, R. (1984).and Systems of the Simpson Desert Rediwtitute of Biological
Resources, CSIRO, Canberra.

Pyatt, F.B., Grattan, J.P., Barker, G. & MattindgD, (1999) King Solomon’s miners —
starvation and bioaccumulation? An environmentehaeological investigation in
southern Jordarcotoxicology and Environmental Safé; 305-8.

Qadir, M. & Schubert, S. (2002) Degradation proessand nutrient constraints in sodic

soils.Land Degradation and Developmet8, 275-94.

172



Queeensland Parks & Wildlife Service and Environtmauastralia (1999) Rare and
Rhreatened Species and Plant Communities of thgauands. Environmental
Protection Agency, Brisbane.

Queensland Department of Environment and Resourasalyjement (DERM) (2010)
Changes and new additions to Queenslands’ wildldgéegories. Available at

http://www.derm.qgld.gov.au/wildlife/threatened _pisnand_animals/category

changegccessed 20 September 2010)]

R Development Core Team (2018 a language and environment for statistical
computing R Foundation for Statistical Computing, Viennaiskia.

Rabinowitz, D. (1981) Seven forms of rarity. Tine Biological Aspects of Rare Plant
Conservation(Ed. H. Synge), pp. 205-217., John Wiley and SQmschester.

Rabinowitz, D., Cairns, S. & Dillon, T. (1986) Sev®rms of rarity and their frequency
in the flora of the British Isles. I€@onservation Biology: the science of scarcity
and diversity(Ed. M.E. Soulé), pp. 182-204. Sinauer Associdisssachusetts.

Ratcliffe, F.N. (1938)Flying Fox and Drifting Sand: the adventures of ialdgist in
Australia Chatto & Windus, London.

Ravi, S., D'Odorico, P., Collins, S.L. & HuxmanET (2009) Can biological invasions
induce desertificationRew Phytologisi81, 512-5.

Read, J.L. (1999) The initial response of a chedogwrubland plant and invertebrate
community to two pulses of intensive cattle grazihge Rangeland Journall,
169-93.

Read, J.L. (2004) Catastrophic drought-inducedoffi@f perennial chenopod shrubs in
arid Australia following intensive cattle browsingpurnal of Arid Environments
58, 535-44.

Reid, J. & Fleming, P. (1992) The conservation ustadf birds in arid Australia.
Rangeland Journ&l4, 65-91.

Reid, R.S. & Ellis, J.E. (1995) Impacts of pastistalon woodlands in South Turkana,
Kenya - livestock-mediated tree recruitmdftological Application®, 978-92.

Rengasany, P. & Olsson, K.A. (1991) Sodicity anidl goucture.Australian Journal of
Soil Researc29, 935-52.

Retzer, V. (2006) Impacts of grazing and rainfalriability on the dynamics of a
Sahelian rangeland revisited (Hein, 2006) — newglris from old data’Journal
of Arid Environment$7, 157-64.

173



Reveal, J.L. (1981) The concepts of rarity and petmn threats in plant communities.
In: Rare Plant Conservation: Geographical data orgatiza (Eds L.E. Morse &
M.S. Henifen), pp. 41-47, The New York Botanicalr@Gn, Bronx.

Reynolds, J.A. & Carter, J.O. (1993) What Landhddeeckon About Woody Weeds
in Central Western Queensland. Queensland DeparttofePrimary Industries,
Brisbane.

Reynolds, J. F., Grainger, A., Stafford Smith D., Bastin, G., Garcia-Barrios, L.,
Fernandez, R.J., Janssen, M.A., Jurgens, N., Sgh&el., Veldkamp, A.,
Verstraete, M.M., Von Maltitz, G. & Zdruli, P. (2@} Scientific concepts for an
integrated analysis of desertificatidrand Degradation & Developme@®, 166-
83.

Reynolds, J.F., Stafford Smith, D.M., Lambin, E.Fyrner, B.L., Mortimore, M..,
Batterbury, S.P.J., Downing, T.E., Dowlatabadi,, Hrernandez, R.J., Herrick,
J.E., Huber-Sannwald, E., Jiang, H., Leemans, Rnain, T., Maestre, F.T.,
Ayarza, M. & Walker B. (2007) Global desertificatiobuilding a science for
dryland developmenScience316 847-51.

Rietkerk, M., van den Bosch, F. & van de Koppel1997) Site-specific properties and
irreversible vegetation changes in semi-arid g@asystemsOikos80, 241-52.
Rivers, M.C., Taylor, L., Brummitt, N.A., MeaghefF,R., Roberts, D.L., Lughadha,
E.N. (2011) How many herbarium specimens are ne¢dedetect threatened

speciesBiological Conservatiol44, 2541-2547.

Robertson, A.l. & Rowling, R.W. (2000) Effects oivdstock on riparian zone
vegetation in an Australian dryland riveRegulated Rivers: Research &
Managemenl6, 527-541.

Rodd, F. (1938) The Sahafaeographical Journa®l, 354-5.

Rohner, C. & Ward, D. (1999) Large mammalian hasl#g and the conservation of
arid Acacia stands in the Middle EaSbnservation Biolog#3, 1162-71.

Rolls, E.C. (1999) Land of grass: the loss of Aalg's grasslandsAustralian
Geographical Studie37, 197-213.

Roques, K.G., O'Connor, T.G. & Watkinson, A.R. (2PODynamics of shrub
encroachment in an African savanna: relative imfb@s of fire, herbivory, rainfall
and density dependencmurnal of Applied Ecolog$8, 268-80.

174



Rule, S., Brook, B.W., Haberle, S.G., Turney, C.S.Kershaw, A.P. & Johnson, C.N.
(2012) The aftermath of megafaunal extinction: gstesn transformation in
Pleistocene Australi&cience335, 1483-6.

Russell, B.G., Letnic, M. & Fleming, P.J.S. (20Managing feral goat impacts by
manipulating their access to water in the rangedaRdngeland JournaB3, 143-
52.

Russell-Smith, J., Yates, C.E., A., Allan, G.Eook, G.D., Cooke, P., Craig, R., Heath,
B. & Smith, R. (2003) Contemporary fire regimesnoirthern Australia: change
since Aboriginal occupancy, challenges for sustdamaanagement. International
Journal of Wildland Firel2, 283-297.

Ryan, D.G., Ryan, J.E. & Starr, B.J. (1995) The tAalmn Landscape: observations of
explorers and early settlers. Murrumbidgee CatctinMamagement Committee,
Wagga Wagga, New South Wales.

Ryerson, D.E. & Parmenter, R.R. (2001) Vegetatiblange following removal of
keystone herbivores from desert grasslands in Newidd.Journal of Vegetation
Sciencel2, 167-80.

Saalfeld, W.K. & Edwards, G.P. (2010) Distributiand abundance of the feral camel
(Camelus dromedariyisn Australia.Rangeland Journa®2, 1-9.

Saleh, M.A. (1987) The decline of gazelles in Eg@iblogical Conservatior89, 83-
95.

Sandell, P.R. & Start, A.N. (1999) Rabbit Calicusr Disease Program Report 4:
Implications for Biodiversity in Australia. Prepdrdor the Rabbit Calicivirus
Disease Management Group. Bureau of Rural Scie@derra.

Scanlan, J.C., Berman, D.M. & Grant, W.E. (2006)pitation dynamics of the
European rabbit @ryctolagus cuniculysin north eastern Australia: simulated
responses to contrdtcological Modellingl96, 221-36.

Scanlan, J.C. & Presland, A.J. (1984) Major Woodgeds of Western Queensland and
Their Control. Information Series Q184017. Queam$i®epartment of Primary
Industries, Brisbane.

Schubert, S.D., Suarez, M.J., Pegion, P.J., KoBt®, & Bachmeister, J.T. (2004) On
the cause of the 1930s Dust Bdsdience303 1855-9.

Seymour, C.L., Milton, S.J., Joseph, G.S., DearR\W, Ditlhobolo, T. & Cumming,
G.S. (2010) Twenty years of rest returns grazingemtal, but not palatable

175



perennial plant diversity, to Karoo rangeland, &oAfrica. Journal of Applied
Ecology47, 859-67.

Sharp, D. & Simon, B.K. (2002) AusGrass: grasseéuwsdtralia (electronic resource),
Australian Biological Resources Study, Canberra.

Shaw, R., Brebber, L., Ahern, C. & Weinand, M. (499 review of sodicity and sodic
soil behaviour in Queenslanflustralian Journal of Soil Resear@2, 143-72.

Shearer, B.L., Crane, C.E., Barnett, S. & Cochrowe, (2007) Phytophtohora
cinnamoniinvasion, a major threatening process to conservaif flora diversity
in the South-West Botanical Province of Westerntfalis.. Australian Journal of
Botany55, 225-238.

Shrader, A.M., Brown, J.S., Kerley, G.I.H. & KotleB.P. (2008) Do free-ranging
domestic goats show ‘landscapes of fear'? Patclinussponse to habitat features
and predator cuedournal of Arid Environment§2, 1811-1819.

Silcock, J. (2009) Identification of Permanent Refi/Vaterbodies in the Cooper Creek
& Georgina-Diamantina catchments. South Australiaid ALands Natural
Resource Management Board, available onlinétigt//www.saalnrm.sa.gov.au/
Portals/8/Publications_Resources/Project_Repacessed 13 July 2011].

Silcock, J.L. & Fensham, R.J. (2013) Arid vegetatin disequilibrium with livestock

grazing: evidence from long-term exclosumsgstral Ecology38, 57-65.

Silcock, J.L., Fensham, R.J. & Martin, T.G. (20K9sessing rarity and threat in an
arid-zone floraAustralian Journal of Botany9, 336-350.

Silcock, J.L., Powell, O.C., Drimer, J. & Fenshara). (2014) Part | - Cultural history
and ecological values of Great Artesian Basin grim the Springsure, Eulo,
Bourke and Bogan River supergroups. Final Repont [epartment of
Sustainability, Environment, Water, Population &ammunities, Canberra.

Simmons, A. (2007) "Life in a Corridor": An archdegical investigation of the
Diamantina Channel Country - a western Queenslamdidor. PhD Thesis,
University of Queensland, St Lucia.

Sinclair, A.R.E. & Fryxell, J.M. (1985) The Sahel Africa: ecology of a disaster.
Canadian Journal of Zoolog§3, 987-94.

Sinclair, T.R. & Sinclair, C.J. (2010Bread, Beer and the Seeds of Change:
Agriculture's Imprint on World HistoryCABI, Wallingford, UK.

Singh, K.N., Lal, B., Singh, R.D., Todaria, N.P.A%uja, P.S. (2007) Species richness,
distribution pattern and conservation status ohéiglants in the Spiti cold desert

176



of trans-Himalaya India.International Journal of Biodiversity Science and
Managemens, 223-233.

Slimani, H., Aidoud, A. & Roze, F. (2010) 30 Yearfsprotection and monitoring of a
steppic rangeland undergoing desertificatidournal of Arid Environment34,
685-91.

Smith, M.A. (2013)The Archaeology of Australian DesertSambridge University
Press, Cambridge.

Smith, P.J., Pressey, R.L. & Smith J. E. (1994)8iof particular conservation concern
in the Western Division of New South Waldkological Conservatior69, 315-
38.

Smyth, A., Friedel, M. & O'Malley, C. (2009) Theflurence of buffel grassQenchrus
ciliaris) on biodiverstiy in an arid Australian landscapée Rangleand Journal
31, 307-20.

Soliveres, S. & Eldridge, D.J. (2014) Do changegriazing pressure and the degree of
shrub encroachment alter the effects of individsialubs on understorey plant
communities and soil functiorRunctional Ecology28, 530-7.

Solow, A.R. (2005) Inferring extinction from a stglg record. Mathematical
Bioscienced 95 47-55.

Southwell, C., Weaver, K., Sheppard, N. & Morris,(993) Distribution and relative
abundance of feral goats in the rangelands of eaéigstralia.Rangeland Journal
15, 331-3.

Specht, R.L., Roe, E.M. & Broughton, V.H., 1974. nServation of Major Plant
Communities in Australia and Papua New Guin®astralian Journal of Botany
Supplement No. 7.

Spies, P. & March, N. (2004) Prickly acacia. Natéib@ase Studies Manual, Department
of Natural Resources, Mines and Energy, Brisbane.

Sprugel, D.G. (1991) Disturbance, equilibrium, @amyironmental variability - what is
natural vegetation in a changing environmeBitdogical Conservatio®8, 1-18.

Stebbing, E.P. (1935) The encroaching Sahara:hifeatt to the West Africa colonies.
Geographical JournaB5, 506-24.

Stebbing, E.P. (1938) The advance of the Sal@agraphical Journa®1, 356-9.

Steinbeck, J. (1939he Grapes of WrattHeinemann, Melbourne.

Stern, M.J. & Eriksson, T. (1996) Symbioses in hedn Recommendations for more

positive interactions between plant systematistseanologistsTaxon45, 49-58.

177



Stohlgren, T.J., Guenther, D,A,, Evangelista, RRHlley, N. (2005) Patterns of plant
species richness, rarity, endemism, and uniquenessn arid landscape.
Ecological Applicationd5, 715-25.

Stoner, D.C., Wolfe, M.L., Rieth, W.R., Bunnell,IX, Durham, S.L. & Stoner, L.L.
(2013) De facto refugia, ecological traps and tlegdography of anthropogenic
cougar mortality in UtahDiversity and Distributiond.9, 1114-24.

Stow, R. (1963Yourmaline Angus & Robertson, Sydney.

Strahan, R. (Ed.) (2004)he Mammals of AustralidReed New Holland, Sydney.

Struver, F. (1890Dur Stock and Pasturegvarwick and Sapsford, Brisbane.

Sullivan, S. & Rohde, R. (2002) On non-equilibrium arid and semi-arid grazing
systemsJournal of Biogeographg9, 1595-618.

Sullivan, S. (1999) The impacts of people and livels on topographically diverse open
wood- and shrub-lands in arid north-west Namib@lobal Ecology and
Biogeographys, 257-77.

Swetnam, T.W., Allen, C.D. & Betancourt, J. (199@)plied historical ecology: using
the past to manage for the futuEeological Applications9, 1189-1206.

Swift, J. (1996) Desertification: narratives, winp@nd losers. Infhe Lie of the Land:
Challenging received wisdom on the African envirent{Eds M. Leach & R.
Mearns), The International African Institute, Lomdo

Tegen, I., Werner, M., Harrison, S.P. & Kohfled EK(2004) Relative importance of
climate and land use in determining present anaréuglobal soil dust emissions.
Geophysical Science Revié@04 L05105.

Tewari, V.P. & Arya, R. (2004) Degradation of arahgelands in Thar Desert, India: a
review.Arid Land Research and Managemé&@t 1-12.

Thackway, R. & Cresswell, I.D. (Eds) (1995) An nite biogeographic regionalisation
for Australia: a framework for establishing a natibsystem of reserves, version
4.0. Australian Nature Conservation Agency, CarsbefCurrent version 6.1,
available online athttp://www.environment.gov.au/parks/nrs/science#ion-
framework/ibra/index.htnjl

Thiollay, J.M. (2006) Severe decline of large bindsthe Northern Sahel of West

Africa: a long term assessmeBird Conservation Internationdl6, 353-65.

Thomas, D.A., Squires, V.R., Buddee, W. & Turnefl986) Rangeland regeneration in
the steppic regions of the Mediterranean basirRémgelands: A Resource Under
Siege(Ed P. L. Joss). Cambridge University Press, Calgbr

178



Thomas, D.S.G. & Middleton, N. (1994)esertification: Exploding the MythJohn
Wiley & Sons Ltd, West Sussex.

Thomas, D.S.G. (1997) Science and the desertificatiebate.Journal of Arid
Environments87, 599-608.

Tiver, F. & Andrew, M.H. (1997) Relative effects loérbivory by sheep, rabbits, goats
and kangaroos on recruitment and regeneration afbshand trees in eastern
South AustraliaJournal of Applied Ecolog$4, 903-14.

Tobler, M., Honorio, E., Janovec, J. & Reynel, €0q7) Implications of collection
patterns of botanical specimens on their usefulf@ssonservation planning: an
example of two neotropical plant families (Moraceael Myristicaceae) in Peru.
Biodiversity and Conservatialb, 659-677.

Tolcher, H.M. (1986)Drought or Deluge: Man in the Cooper's Creek Region
Melbourne University Press, Carlton.

Tongway, D.J. & Ludwig, J.A. (1990) Vegetation agall patterning in semi-arid mulga
lands of Eastern AustraliAustralian Journal of Ecolog¥5, 23-34.

Tongway, D.J., Sparrow, A.D. & Friedel, M.H. (200Begradation and recovery
processes in arid grazing lands of central Austrakart 1: Soil and land
resourcesJournal of Arid Environments5, 301-26.

Tucker, C.J., Dregne, H.E. & Newcomb, W.W. (199%p&nsion and contraction of the
Sahara desert from 1980 to 199@ience253 299-301.

Turnbull, L.A., Crawley, M.J. & Rees, M. (2000) Aptant populations seed-limited? A
review of seed sowing experimen@ikos 88, 225-238.

Turner, E.J., McDonald, W.J.F., Ahern, C.R. & Thamdl.B. (1993) Western Arid
Region Land Use Study — Part V. Technical Bulldtio.30., Division of Land
Utilisation, Queensland Department of Primary Indas, Brisbane.

Turner, M.D. (1999) Spatial and temporal scalinggoézing impact on the species
composition and productivity of Sahelian annualsglands.Journal of Arid
Environmentsgll, 277-97.

UNCCD (2014)Desertification: the invisible frontlineUnited Nations Convention to
Combat Desertification, Bonn, Germany.

UNEP (2011) Coordinating global action to combatsetsfication. Online at
http://www.unep.org/Documents.Multilingual/Defaakp?DocumentID=664&Art

iclelD=6918&I=en&t=long United Nations Environment Program, Bonn/Nairobi.

179



Valone, T.J., Meer, M., Brown, J.H. & Chew, R.MO(@) Timescale of perennial grass
recovery in desertified arid grasslands followinge$tock removalConservation
Biology 16, 995-1002.

Van Auken, O.W. (2000) Shrub invasions of north Aicen semiarid grasslands.
Annual Review of Ecology and Systemaits197-215.

Van de Koppel, J., Rietkerk, M., van Langevelde, kumar, L., Klausmeier, C. A.,
Fryxell, J.M., Hearne, J.W., van Andel, J., de RiddN., Skidmore, A.,
Stroosnijder, L. & Prins, H.H.T. (2002) Spatial ¢éretgeneity and irreversible
vegetation change in semiarid grazing systekngerican Naturalisi59, 209-18.

Van de Koppel, J., Rietkerk, M. & Weissing, F.J99T) Catastrophic vegetation shifts
and soil degradation in terrestrial grazing systef®ends in Ecology and
Evolution12, 352-6.

Van der Veken, S., Bellemare, J., Verheyen, K. &mhlg M. (2007) Life-history traits
are correlated with geographical distribution patteof western European forest
herb specieslournal of Biogeographys4, 1723—-1735.

Van Etten E.J.B. (2009) Inter-annual rainfall variigy of arid Australia: greater than
elsewhere?Australian Geographe40, 109-20.

Veron, S.R., Paruelo, J.M. & Oesterheld M. (20065éssing desertificatiodournal of
Arid Environment$6, 751-63.

Verstraete, M.M. (1986) Defining desertificatioa review.Climatic Change, 5-18.

Verstraete, M.M., Scholes, R.J. & Smith M.S. (20@)mate and desertification:
looking at an old problem through new lensEsontiers in Ecology and the
Environmen®, 421-8.

Veth, P.M. & Walsh, F.J. (1988) The concept of pita plant foods in the Western
Desert region of Western Australfaustralian Aboriginal Studieg, 19-26.

Veth, P.M. (1993)slands in the Interior: the dynamics of prehistoaidaptations within
the arid zone of Australidnternational Monographs in Prehistory, Michigan.

Vetter, S. (2005) Rangelands at equilibrium and-eguilibrium: recent developments
in the debateJournal of Arid Environment§2, 322-41.

Vigilante, T. (2001) Analysis of explorer's recorofsaboriginal landscape burning in
the Kimberley region of Western Australidustralian Geographical Studie39,
135-155.

180



Walck, J.L., Baskin, J.M. & Baskin, C.C. (1999) R®le competitive abilities and
growth characteristics of a narrowly endemic andeagraphically widespread
Solidagospecies (Asteraceadymerican Journal of Botang6, 820—828.

Waldram, M.S., Bond, W.J. & Stock, W.D. (2008) Exgital engineering by a mega-
grazer: White Rhino impacts on a South African sa@Ecosystem$1, 101-12.

Walker, J., Condon R.W., Hodgkinson, K.C. & Hartimg G.N. (1981) Fire in pastoral
areas of poplar boXe(icalyptus populngdands.Australian Rangeland Journ&l
12-23.

Walker, S. & Wilson, J.B. (2002) Tests for nonetpilm, instability, and stabilising
processes in semiarid plant communitesology83, 809-22.

Walker, F. (1863) Journal of an Expedition in Shao€ Burke and WillsJournal of
Royal Geographical Socie88, 133-150.

Walsh, F.J. (1990) An ecological study of tradiabAboriginal use of “country”: Martu
in the Great and Little Sandy Deserts, Western raliat Proceedings of the
Ecological Society of Australia6.

Wang, X.M., Chen, F., Hasi, E. & Li J.C. (2008) Pdfication in China: An
assessmenEarth-Science Revievé8, 188-206.

Ward, D., Ngairorue, B.T., Kathena, J., Samuels, &.Ofran, Y. (1998) Land
degradation is not a necessary outcome of comnpasabralism in arid Namibia.
Journal of Arid Environment40, 357-71.

Ware, S. (1990) Adaptation to substrate — and ¢dick— in rock outcrop plantsSedum
andArenaria American Journal of Botany7, 1095-1100.

Watson, G.C. (1882) The Gregory South and Warreigtribts (Mr. Watson'’s report on
the physical features of the country). A four pagbmission with accompanying
map presented to both Houses of Parliament, Queah&@8th November, 1881.
Queensland Government Printer, Brisbane.

Watson, |.W., Burnside, D.G. & Holm, A.M. (1996) &w-driven or continuous: which
is the better model for managei®&ngeland Journ&l8, 351-69.

Watson, I.W., Westoby, M. & Holm, A.M. (1997) Demaghy of two shrub species
from an arid grazed ecosystem in Western AustdfB3-93.Journal of Ecology
85, 815-32.

Wei, Y., Bai, Y. & Henderson, D.C. (2009) Criticalonditions for successful
regeneration of an endangered annual pl@nyptantha minima a modelling

approachJournal of Arid Environmentsg3, 872-875.

181



Welsh, F. (2004)Great Southern Land: a new history of AustralRenguin Books,
London.

Wessels, K.J., Prince, S.D., Carrol, M. & MalherBe(2007) Relevance of rangeland
degradation in semiarid northeastern South Afracdéhe nonequilibrium theory.
Ecological Applicationd.7, 815-27.

Westbrooke, M.E. & Florentine, S.K. (2005) Rairdatlven episodic flood events: are
they are a major factor in moulding New South Watesl land vegetation
patternsAustralian Geographe86, 171-181.

Westoby, M., Walker, B. & Noy-Meir, I. (1989) Opponistic management for
rangelands not at equilibriurdournal of Rangeland Managemei# 266-74.

White, M. E. (1997)Listen...our land is crying — Australia’s environmeptoblems
and solutionsKangaroo Press, Sydney.

Whitehouse, F.W. (1940) Studies in the late gechlgihistory of Queensland.
University of Queensland Papers (Department of &pgl Vol. 2. University of
Queensland, St Lucia, Queensland.

Wiegand, T. & Jeltsch, F. (2000) Long-term dynanmicsirid and semiarid ecosystems
— synthesis of a workshoplant Ecologyl50, 3-6.

Wilcox, B.P. & Huang, Y. (2010) Woody plant encrbatent paradox: Rivers rebound
as degraded grasslands convert to woodlaBdephysical Research Lett€3d

Wwild, M. & Gagnon, D. (2005) Does lack of availalslgitable habitat explain the patchy
distributions of rare calcicole fern specié€x®graphy 28, 191-196.

Williams, O.B. (1981) Monitoring changes in popuwat of desert plants, Infhe
Biological Aspects of Rare Plant Conservat{@&@d. H. Synge), pp. 233-240. John
Wiley and Sons, Chichester.

Williams, O.B. & Mackey, B. (1983) Easy-care, ne$la conservation - Mitchell grass
(Astreblg. A case study from the South Oestrus exclosurdrut® Plains,
Cunnamulla, Queensland. M/hat Future for Australia’s Arid Land&ds J. Messer
and G. Mosley), pp. 141-145. Australia Conservaioandation, Melbourne.

Williams, P.R. (2006) Determining the managemeuui@ments of threatened plant
speciesEcological Management and Restoratigrii48-151.

Williams, W.J., Eldridge, D.J. & Alchin, B.M. (2008Grazing and drought reduce
cyanobacterial soil crusts in an Australidcacia woodland. Journal of Arid
Environments2, 1064-75.

182



Willis, F., Moat, J. & Paton, A. (2003) Definingrale for herbarium data in Red List
assessments: a case study of Plectrantus fronrreaste southern tropical Africa.
Biodiversity and Conservatial?, 1537-1552.

Wilson, A.D. & Mulham, W.E. (1979) A survey of thregeneration of some problem
shrubs and trees after wildfire in western New Bdrales Australian Rangeland
Journall, 363-8.

Wilson, A.D., Mulham, W.E. & Leigh, J.H. (1976) Aote on the effects of browsing by
feral goats on a belahCésuarina cristata - rosewood Keterodendrum
oleifolium) woodland Australian Rangeland Journdl 7-12.

Wilson, G. & Knight, A.L.L. (2004) Increasing theumbers of wildlife preferred by
Aboriginal communities in the Anangu Pitjantjatjdrands, AustraliaGame and
Wildlife Science1, 687-95.

Wilson, P.R., Purdie, R.W. & Ahern, C.R. (1990) \Wes Arid Region Land Use Study
— Part VI. Technical Bulletin 28. Division of LanWtilisation, Queensland
Department of Primary Industries, Brisbane.

Wilson, S. & Swan, G. (2013 Complete Guide to Reptiles of Austraiew Holland,
Sydney.

Winnecke, C. (1884) Mr. Winnecke's explorations imigir 1883, South Australian
Parliamentary Papers 39, Adelaide.

Wiser, S.K., Peet, R.K. & White, P.S. (1996) Hidbwvation rock outcrop vegetation of
the Southern Appalachian Mountaidsurnal of Vegetation Sciencg 703-722.

Witt, G.B. (2013) Vegetation changes through thesegf the locals: the ‘artificial
wilderness' in the mulga country of south-west @s&mnd.Rangeland Journal
35, 299-314.

Witt, G.B. & Beeton, R.J.S. (1995) The regional limgtions of "naturalness” in
protected area management: a case study from tkeer@land mulgalands. In:
Ecological Research and Management in the Mulga dsan Conference
Proceedingg¢Eds M.J. Page & T.S. Beutel). University of Quaand, Gatton.

Witt, G.B., Berghammer, L.J., Beeton, R.J.S. & MdH.J. (2000) Retrospective
monitoring of rangeland vegetation change: ecotystoom deposits of sheep
dung associated with shearing she¥sstral Ecology25, 260-7.

Witt, G.B., Harrington, R.A. & Page, M.J. (2009)"V&getation thickening' occurring in
Queensland's mulga lands - a 50-year aerial phapbgr analysisAustralian
Journal of Botanyp7, 572-82.

183



Witt, G.B., Luly, J. & Fairfax, R.J. (2006) How tlneest was once: vegetation change in
south-west Queensland from 1930-198%&urnal Biogeograph$3, 1585-96.

Witt, G.B., Moll, E.J. & Beeton, R.J.S. (1997) Sheaeces under shearing sheds: a
documentary of vegetation change using stable oarismtope analysis.
Rangeland Journal9, 109-15.

Woinarski, J.C.Z., Burbidge, A.A. & Harrison, PO@) The Action Plan for Australian
Mammals 2012CSIRO Publishing, Collingwood.

Woinarski, J.C.Z & Fisher, A. (2003) Conservatiorddahe maintenance of biodiversity
in the rangelandfkangeland Journa?5, 157-171.

Woinarski, J.C.Z. & Legge, S. (2013) The impacts$i@f on birds in Australia's tropical
savannasEmull3 319-52.

Woolley, A, & Kirkpatrick, J.B. (1999) Factors rédal to condition and rare and
threatened species occurrence in lowland, humiclb@asmnants in northern
TasmaniaBiological Conservatio7, 131-142.

Worster, D. (1979Dust Bowl: The Southern Plains in the 193Mxford University
Press, New York.

Yates, C., Gibson, N., Pettit, N.E., Dillon, R. &lmer, R. (2011) The ecological
relationships and demography of restricted irorst@mdemic plant species:
implications for conservatioiustralian Journal of Botany9, 692-700.

Yates, C.J., Ladd, P.G., Coates, D.J. & McArthur,(Z07) Hierarchies of cause:
understanding rarity in an endemic shidrticordia staminosgMyrtaceae) with
a highly restricted distributioustralian Journal of Botany5, 194—205.

Youlin, Y., Squires, V. & Qi, L. (2001%lobal Alarm: dust and sandstorms from the

world's drylands United Nations. Available online atttp://www.unccd.int/

en/resources/publication/Pages/default.aspx?Higihg300 [accessed 15
January 2014].
Zhang, J.Y., Wang, Y., Xia, Z., Xie, G. & Zhang, (R005) Grassland recovery by

protection from grazing in a semi-arid sandy regmfnnorthern ChinaNew

Zealand Journal of Agricultural ReseardB, 277-84.
Zhang, Y-B & Ma K-P (2008) Geographic distributipatterns and status assessment of
threatened plants in ChinBiodiversity and Conservatial/, 1783-1798.

184



Appendices

Appendix 1-1.
Fensham, R.J., Silcock, J.L. & Dwyer, J.M. 2011, ‘Rnt species richness responses

to grazing protection and degradation history in alow productivity landscape’,
Journal of Vegetation Science 22: 997-1008 [ABSTRACT ONLY].

Questions Does species richness and abundance accumutatgnarzing protection in
low productivity ecosystems with a short evolutignhistory of grazing, as predicted
by emerging theory? How do responses to grazingggtion inform degradation
history?

Location: Mulga (Acacia aneuradry forest in eastern Australia, generally thaugh

be chronically degraded by livestock grazing.

Methods: Three paired exclosures (ungrazed, and macroped) were compared
with open-grazed areas after 25 years using gualhedted on either side of the fences.
Additionally, the regional flora for mulga dry fatwas assessed to identify species
that may have declined and could be threateneddzrgy.

Results: Low herbaceous biomass accumulation (<1.3%.kath full grazing

protection confirmed a low productivity environmeRor most plant life-forms the
highest species richness was in the macropod-geasdsures, an intermediate
grazing disturbance that best approximates theugwahry history of the environment.
This result was the net outcome of species thdt detlined and increased in response
to grazing. Regeneration and subsequent self-tignoii mulga was promoted with
grazing protection, but did not confound the intetation of species richness and
abundance responses. At the regional scale onlgrleative species out of 407
comprising the mulga dry forest flora were idesetifias rare and potentially threatened
by grazing.

Conclusions: Significant increases in richness or abundancebve plants with
grazing protection, persistence of perennial gsgsgeneration of mulga and scant
evidence of a major decline in the regional flora @ot consistent with established
assertions that long-grazed mulga dry forest hassed functional thresholds that limit
recovery. Further, a peak in species richness untlmediate (macropod) grazing is
counter to the shape of the response predictedngygeng theory for recovery of
species richness in a low productivity environm@ihie finding prompts a more
thorough understanding of the distinction betwesrirenments with inherently low
productivity and those degraded by grazing.
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Appendix 1-2.

Fensham, R.J., Silcock J.L. & Firn, J. 2014, ‘Managd livestock grazing is
compatible with the maintenance of plant diversityin semi-desert grasslands’,
Ecological Applications 24: 503-17 [ABSTRACT ONLY].

Even when no baseline data are available, the impad 50 years of livestock grazing on
natural grasslands can be assessed using a conapimexhch of grazing manipulation and
regional-scale assessment of the flora. Here, weodstrate the efficacy of this method
across 18 sites in the semi-desert Mitchell gradslaf north-eastern Australia. Fifteen
year old exclosures (ungrazed and macropod grageealed that the dominant perennial
grasses in the gendsstreblado not respond negatively to grazing disturbagpeal of
commercial pastoralism. Neutral, positive, interragxland negative responses to grazing
disturbance were recorded amongst plant speciésneisingle lifeform group associated
with any response type. Only one exotic specis)chrus ciliariswas recorded at low
frequency. The strongest negative response was drotive annual gragdhionachne
hubbardiana an example of a species that is highly senstivgrazing disturbance.
Herbarium records revealed only scant evidencesipaties with a negative response to
grazing have declined through the period of commakpastoralism. A regional analysis
identified 14 from a total of 433 plant specieghe regional flora that may be rare and
potentially threatened by grazing disturbance. Hamea targeted survey precluded
grazing as a cause of decline for seven of thesedban low palatability and positive
responses to grazing and other disturbance. Odin§ia suggest that livestock grazing of
semi-desert grasslands with a short evolutionastoty of ungulate grazing has altered
plant composition, but has not caused declinehiéndominant perennial grasses or in
species richness as predicted by the precedimgtiite. The biggest impact of commercial
pastoralism is the spread of woody leguminous tifeggscan transform grassland to thorny
shrubland. The conservation of plant biodiverssityargely compatible with commercial
pastoralism provided these woody weeds are coadrolbut reserves strategically
positioned within water remote areas are necegsapyotect grazing-sensitive species.
This study demonstrates that a combination of exygertal studies and regional surveys
can be used to understand anthropogenic impaatsatomal ecosystems where reference

habitat is not available.
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Appendix 2-1. Supporting and contradictory references for prevaling paradigms
and hypotheses tested using explorer record

Contradictory
Prevailing paradigm Supporting references references

There has been a general thickening of Anon. 1969; Anon. 1901; Beale  Croft et al.

woody overstorey vegetation in the semi2004; Beale et al. 1986; Booth and1997; Denny

arid zone of Queensland, especially Sarker 1981i| Blugg;WSD 19!33’ 128332 1987;2'3‘5&5“3”1
; ; urrows et al. ; Duyker ; etal. ;

Acacia aneurandA.cambagei Fensham and Fairfax 2005; Mitchell 1991;

Flannery 1994; Gammage 2011; Witt et al. 2009;

Gasteen 1982; Krull et al. 2005;  Witt et al. 2006

Ludwig and Tongway 1995; Mills

1986; Mills et al. 1989; Moore

1973; Moore et al. 2001; Noble

1997; Oxley 1987; Pressland 1975,

1984; Pressland and Graham 1989;

Reynolds and Carter 1993;

Reynolds et al. 1994; Reynolds et

al. 1992; Rolls 1999; Scanlan and

Presland 1984

(i) Fires are less frequent across the sem(i) Anon. 1901; Anon. 1969; (i) Dawson et al.
arid zone, especially the mulga forests Duyker 1983; Gammage 2011;  1975; Fensham
and Mitchell grasslands, due to lower ~ Criffin & Hodgkinson 1986; 1997;

Hodgkinson & Harrington 1985;  Hodgkinson

biomass and active suppression
- e, : Jones 1996; Reynolds & Carter 2002
(i) In spinifex-dominated ecosystems, 1993: Rolls 1984: Noble & Grice

small, regular ‘patchy’ fires have been 5.5,
replaced by large, destructive wildfires ;) Allan & Southgate 2002;

following good seasons Greenville et al. 2009; Latz 2007

Waterholes in some regions have ‘silted Fanning 1999; Gale & Haworth
up’ since pastoral settlement due to the 2005; Pickard 1994; Silcock 2009;
loss of groundcover and subsequent ~ Tolcher 1986

accelerated erosion, resulting in a

decrease in depth and therefore

permanence

The range and abundance of macropodsAuty 2004; Barker & Caughley
have increased in semi-arid areas since 1993; Calaby & Grigg 1989;
pastoral settlement. Macropods were ~ Caughley etal. 1977; Caughley et
always abundant in wetter areas of easte"[?‘)h 19871* gggwéon et "i"g 8270'03
Australia prior to European settlement. —cnrY =200, ey 907, Denny
Red kangaroo numbers fluctuate with 1994; Fukada et al. 2009;

. Newsome 1975; Pople & Grigg
seasons but have not changed greatly iny501

the arid zone.

The range and abundance of medium- Denny 1994; Johnson 2006; Letnic
sized mammals have contracted across #{00; Marshall 1966
study area
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Appendix 2-2.Locations mentioned in text (in order of appearane in text)

Explorer Date Category Lat Long Quote
Mitchell 22/9/1846 Vegetation 145.00461 -24.12110 he finest region | had ever seen in Australia

most refreshing...on emerging from so
Mitchell 15/9/1846 Vegetation 146.2536( -24.6839% many thick scrubs
Kennedy 23/7/1847 Vegetation 146.42398 -24.89410 d thaut thro' a dense Brigalow Scrub’
Walker 1/10/1861 Vegetation 145.97219 -24.53827  sdealmost impenetrable scrub of acacig
Landsborough 1-16/4/1862 Vegetation 144.59383 228 thinly wooded downs

so thickly wooded...that riding fast was tod
Landsborough 19/4/1862 Vegetation 143.75444 -2£2850| dangerous to be agreeable

extensive downs, in many parts of which
Mitchell 24/9/1846 Vegetation 144.67241 -24.06343 dead brigalow stumps remained
Mitchell 1/10/1846 Vegetation 144.69894 -24.25966 eadltrunks alone remained on vast tracts
Kennedy 10-11/8/1847 Vegetatior] 144.97610 -24.28087Downs...strewed with dead timber

parched country...completely destitute of
Kennedy 4/8/1847 \egetation 145.2525p -24.26960vegetation

white clay blistered and cracked and totall
Kennedy 30/8/1847 Vegetation 143.5076[7 -25.13077devoid of vegetation
Kennedy 2/9/1847 Vegetation 142.7326P -25.48280 ariwade is visible in any direction

In no part of the colony have | seen more
Kennedy 7-15/11/1947 Vegetatiorn 145.97119 -27.29529uxuriant pasture
Kennedy 2/11/1847 Vegetation 146.40210 -26.13912 ackcscrub...too thick to penetrate

barren scrubby ridges...thickly wooded with
Landsborough 3/5/1862 Vegetatio 145.66833 -25.8141 mulga

scrub...consisting of mulga with few other
Landsborough 3/5/1862 Vegetatio 145.66833 -25.8141 trees

well covered with kangaroo grass, but in the

last part...it was too scrubby to be well
Landsborough 6/5/1862 Vegetation 145.59972 -25.9111 grassed

the country...was so bad that | did not
Landsborough 12/05/1862 Vegetation 146.49883 -2681 | wonder at its not being stocked...

the natives having availed themselves of
Mitchell 18/5/1846 Fire 147.90696 -26.20573 hot wind to burn...the old grass

we crossed several water-courses, the grass

on their banks being green and young,

because the old grass had been burnt off py
Mitchell 6/10/1846 Fire 147.02859 -24.97962 the natives
Mitchell 3/9/1846 Fire 147.32426 -24.52219 Bushad been burnt all along the line

On the flats where the old grass had been
Landsborough 21/4/1861 Fire 144.0236[L -24.57722burned good grass had grown up
Sturt 13/10/1845 Fire 140.46417 -27.74917 luxurgmeen burnt feed

We travelled across bare red sandridges and
Winnecke 6/10/1883 Fire 137.55921  -23.27198 valleys which have recently been burned

The country in the immediate vicinity of
Winnecke 17/9/1883 Fire 137.27487 -23.00639 these hills has been recently burnt
Turner 4/11/1847 Fire 146.16808 -26.50572 busbrafire'

...ironbark scrub patches of spinifex; these

with a brush of poison were in flames all
Kennedy 20/11/1847 Fire 145.96301 -28.6780D around...

Blackfellows burning grass to east-south-
McKinlay 30/4/1862 Fire 140.80528| -20.28889 east of us; the first bushfire we have seen
Mitchell 13/9/1846 Fire 146.64673 -24.89675 theeagive burning by the natives...

During the night the reflection of a very
Hodgkinson 12/6/1878 Fire 140.08639 -25.11778 large fire was visible N.335°E.
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It will be observed that we have seen very
Walker 13/10/1861 Water 144.84661  -23.02808 little permanent water...
Kennedy 11/8/1847 Water 144.73744  -24.26568 Shatieeks
Mitchell 20-25/9/1846 Water 145.45800 -24.4240 Ppermanent waterholes
Kennedy 2/8/-22/9/1847 Water 145.45800 -24.42400 epDEermanent waterholes
...divided into a number of channels but ir|
one of them some small but | think constant
Kennedy 6/9/1847 Water 142.66507 -25.6631P holes of water were found’
...Andrewilla waterhole — a huge hole 14
Greenfell-Thomas| 30/10/1919 Water 139.32417 -2@805| miles long...
The channel of the river was of a sandstone
formation at some places and had fine holes
Landsborough 3/5/1862 Water 145.66833 -25.614170f water’
In the first tributary we saw the finest reach
Walker 13/10/1861 Water 144.7963 -22.97260 of water | have seen this side of the range|
Landsborough 25/3/1862 Water 144.60543 -21.59306 e cféek has fine deep holes of water
Kennedy 4-15/11/1847 Water 145.9710D -27.29500 ,[dleep reaches
Landsborough 19/5/1862 Water 145.91694  -27.09528 .deep waterhole
Basedow 13/10/1919 Water 140.46944  -26.64361 RBal$ W.H. at dusk...practically dry
junction of a creek fro the eastward where
Kennedy 12/10/1847 Water 146.5645pP -25.84874 water in all seasons may be found
a little pool of brine with salt crystals
Greenfell-Thomas| 1/11/1919 Water 138.96583 -26.8877 floating on it'
a splendid sheet of water...four to five feet
deep twenty yards out, and six to seven fget
Lewis 9/2/1875 Water 138.96583 -26.88778 about the centre
The water...no doubt stands a long time,
but...is only 5 feet deep, it cannot be deemed
Walker 27/10/1861 Water 143.76427  -20.6822%5 permanent
Occasional fine waterholes (many salt),
Lewis 1-10/1/1875 Water 138.26951 -27.70716 interspersed with dry channels
Occasional fine waterholes (many salt),
Winnecke 16-20/8/1883 Water 138.288917 -27.47186interspersed with dry channels
Mixture of dry, ill-defined channel and wide
but shallow expanses of water (some
Sturt 4-11/9/1845 Water 138.63417  -24.91838 brackish)
Mixture of dry, ill-defined channel and wide
but shallow expanses of water (some
Hodgkinson 20/7-15/8/1876 Water 138.61778 -24.96667brackish)
Winnecke 5-6/9/1883 Water 138.63440  -23.9087pb Danoels; fine waterhole glimpsed
After tracing it 22 miles, without seeing any
water in its bed...found water in single
Mitchell 11-14/9/1846 Water 146.53734 -24.9451% waterhole
Davidson 1885 Water 138.61257 -22.74208 Broad|shaxpanses of water
Mitchell 15-19/9/1846 Water 145.79400 -24.5850 peomanent water
Kennedy 24/7-1/8/1847 Water 145.79400 -24.58500 pé&lmanent water
Kennedy 26/10/1847 Water 147.06306 -25.42181 Rebkbhagaroo Creek, which was dry
None of the water holes that we find contgin
more than two or at most three days supply
Sturt 2/9/1845 Water 138.75694 -25.92528 of water...
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Landsborough 21-27/12/1861 Water 138.09461 -19.B40y Searched for water unsuccessfully

Broad but shallow waterholes along creek|
Sturt 18/8-12/11/1845  Water 140.45838 -28.31778 had dried up by November 1845
Kennedy 18/11/1847 Water 145.7431B -28.27778 pdrbed of sand

The holes were deep and mussel shells were
Landsborough 7/4/1862 Water 143.88361 -23.85194abundant on its banks
Landsborough 21-26/12/1861 Water 138.08969 -1948791 Good waterholes

...Six feet from the bank it is from eight to

ten feet deep, excepting the upper end where
Lewis 31/1/1875 Water 138.55142 -27.2894( we could not get bottom

Camped near Mungeranie Waterhole, which
Winnecke 9/8/1883 Water 140.45838 -28.31778 is now quite dry

The pool near us is very deep and the walter

clear...the water | should imagine is
Sturt 22/8/1845 Water 139.36911 -27.31139 permanent

Encamped at a fine waterhole. All along the
Landsborough 24/3/1862 Water 144.63028 -21.27667creek there are fine deep waterholes

The kangaroo-rats here build nests three feet

high against the trunks of giddia or other
Hodgkinson 7/8/1876 Fauna 138.61100 -23.886(0trees’
Hodgkinson 21/8/1876 Fauna 138.07700 -23.206Q0 rumseaock wallabies...
Sturt 4/11/1844 Fauna 141.67306 -31.91250 thrdewadlabies
Sturt 15/12/1845 Fauna 141.41000  -31.49333 5-6 wadlabies
Davidson 1885 Fauna 139.91600 -22.9080D one bilby

plains...heavily imprinted with the feet of
Mitchell 13/9/1846 Kangaroos 146.63811 -24.91134 kangaroos

Two Kangaroos were shot today. They are
Kennedy 2/7/1847 Kangaroog 147.28448 -25.38137the first we have observed on the journey
Landsborough 30/11/1861 Kangaroos 138.58583 -10803 ...kangaroos are numerous.

Kangaroos are numerous on this part of the
Landsborough 6/1/1862 Kangaroo$s 138.63576 -19.344[LZountry...

In this day's journey we saw more kangarpo

and wallaby than on any previous
Landsborough 6/5/1862 Kangaroo$ 145.90689 -26.03944%ccasion...

we noticed a family of three kangaroos, the
Davidson 1885 Kangaroos 139.69500 -22.943000nly ones seen west of Boulia’

Hodgkinson shot a euro which will help ug
McKinlay 15/4/1862 Kangaroos 141.3200 21.93190 on and save a sheep
McKinlay 17/4/1862 Kangaroos 140.9980% 21.66444 Emd kangaroo in abundance

Just as | was getting up this hill a fine Eurp
McKinlay 6/4/1862 Kangaroos 141.86694  -23.13472 hopped off...I call the hill Euro Hill
McKinlay 9/4/1862 Kangaroos 141.9833 22.61667 monnetraces of kangaroo...
McKinlay 14/4/1862 Kangaroos 141.32694  22.17528§ slaftkangaroo and emu here but shy

The dogs killed a large Kangaroo this
Sturt 16/12/1844 Kangaroos 141.54806 -31.01806morning

This afternoon one of the Kangaroo dogs
Sturt 19/6/1845 Kangaroos 141.7841)7 -29.66583 caught a Kangaroo in the ranges

Saw several Emus, and numerous tracks pf
Sturt 16/8/1845 Kangaroos 140.6738P -28.53889 Kangaroos
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Appendix 2-3. Description of broad vegetation types used in expter analysis

Broad vegetation type

Brief description

Floodplain woodlands

Open forest and woodland dominatedehycalyptus camaldulensand/or
Eucalyptus coolabafringing drainage lines; does not include alluvial
herbfields or grasslands or alluvial plains that ot flooded

Dry eucalypt woodlands

Dry eucalypt woodlands on sandplains or depositiptans, mostly
dominated byEucalyptus populnear Eucalyptus melanophlojan east of
study area

Eucalypt-spinifex
woodlands

Eucalyptusspecies low open woodland (includiEdeucophloia,
E.leucophylla, E.normantonensis, Corymbia term#s)aliith Triodia species
understorey, mostly on hills and valleys in nortistoidy area

Cypress communities

Woodlands to open forests dateihbyCallitris glaucophylla

Mulga communities

Woodlands and tall shrublands dominateddlogcia aneuran red earth plainsg
or sandplains, becoming pebbly in western areas

Acacia on residuals

Includes low woodlands to tall shrublands domindtgdcaciaspecies
(mostlyA.stowardii, A.shirleyi, A. catenulgtan stony hills, and open
shrublands dominated #\caciaandSennaspecies on low calcareous hills in
the west of the study area

Brigalow communities

Open forest to woodland dominated Agacia harpophyllat Casuarina
cristataandEucalyptusspecies in some areas, on heavy clay soils

Gidgee communities

Open forests to woodlands dominateddmacia cambagedn grey clay, and
low open woodlands dominated Bgacia georginaén far western Qld and
NT

Mixed woodlands

Low open woodlands dominated by a variety of spgdreludingLysiphyllum
cunninghamiiGrevillea striataandAtalaya hemiglaucan sandplains in north
of study area

Mitchell grass downs

Tussock grasslands dominatedAstreblaspeciesichanthiumspecies
becoming dominant in eastern ardasjlemaspecies in some northern areas
on undulating downs or clay plains; includes woodedns supportingcacia
tephrinaopen woodland

Open forbland

Open forblands, sometimes with scattered grasstksson stony downs and
alluvial plains; Chenopodiaceae and Asteraceadespetten dominant

Spinifex dunes and
sandpains

Hummock grasslands dominated Tryodia basedowi{Triodia marginataor
mitchellii in eastern areas) on dunefields or sandplainssepaixed shrubs
and trees

Sandhills

Extensive low sandhills and undulating plains dated by annual grass and
forb species with mixed shrubs and trebspdia species occasional or abser
(mostly far southern QId and South Australia)

Wetlands

Swamps and claypans on floodplains dominated byQtwd species,
samphire Tecticorniaspp.),Muehlenbeckia florulentand/or herbs, and
shallow lakes and claypans in dunefields; includeging woodlands and
sedgelands
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Appendix 2-4.River reaches and waterholes where changes in peamence could
be inferred through comparison of explorer record wth present-day permanence.

No change was evident for the remaining 23 wateshol reaches: (i) waterholes judged
permanent by explorers still permanent: Barcoo Rilevnstream of Blackall; Cooper Creek
from Windorah to Innamincka; Andrewilla Waterhdamantina River; upper Langlo River;
Yarraman Waterhole, Rodney Creek; Towerhill Crégimmermoor area; Warrego River,
Augathella to Cunnamulla, (i) semi-permanent wadézs remain semi-permanent: Burenda
Creek near Augathella; Bulls Waterhole, Cordillovbs; Goyder Lagoon Waterhole; Flinders
River west of Hughenden; Kallakoopah Creek (ex&gdamunkinna Waterhole, see table);
Mulligan River, Marion Downs to Eyre Creek junctidrong Waterhole, Nive River; Lakes
Idamea and Wonditti, Pituri Creek, Glenormistoii) (eaches without lasting water still
without lasting water: creeks in Mitchell grass a@veountry; Barcoo River upstream of
Blackall; Chesterton Creek; lower Eyre Creek; ugpeorgina River, north of Camooweal;
Nive River, Malta area; Strzelecki Creek; WarregeeRsouth of Cunnamulla

Reach Explorer/s Representative quote or Permanence, Inference

or area (observations) summary 2009*

Four Mile Creek Landsborough ‘...we crossed a creek No deep holes in any Decreased
(Silverfox Creek), (1) which, although now dry,  of these creeks today permanence
tributary of had evident signs of being - shallow channels in

Thomson, south- well watered in good gidgee/downs clay

west of Longreach seasons. The holes were  soil

deep and mussel shells were
abundant...’ (7/4/1862)

Lakes of upper Landsborough Had water in for Lakes Frances and  No change/
Georgina, near &S 3 Landsborough, but both Canellan still semi-  increased
utherlan / )
Camooweal went dry during permanent; Lake permanence
(3) Sutherland’s stay (Dec Mary excavated and

1860s) — semi-permanent  now permanent
Kalamunkinna Lewis (1) ‘...six feet from the bank it Waterhole has been Decreased
(Junction) is from eight to ten feet dry a couple of times permanence
Waterhole, deep, excepting the upper in past 20 years, so
Kallakoopah end where we could not get seems unlikely to be
Creek bottom. Mr Beresford and  this deep

the black boy vainly tried to

ascertain the depth by

diving. We then tried in the

centre, with a tomahawk tied

to a fishing line, without

success.!.(Lewis,

31/1/1875)
Mungerannie Winnecke (1) ‘...camped near Mungeranid’ermanent due to Increased
Waterhole Waterhole, which is now artesian bore flowing permanence

quite dry’ (9/8/1883) into it
Talleranie Sturt (1) ‘The pool near us is very  Only shallow, Decreased
(O'Halloran's) deep and the water clear.  ephemeral waterholes permanence
Creek There are fish in it about 1/2 found in this creek

a pound in weight but we

have not taken one. The

water | should imagine is

permanent.’ (22/8/1845)
Towerhill Creek, Landsborough ‘...encamped at a fine No long-lasting Decreased
Curragilla to Q) waterhole. All along the waterholes left on permanence
Lammermoor creek there are fine deep  Curragilla/Ashton

waterholes.’ (24/3/1862) reach

* 2009 permanence assessed through interviewslovitiiterm residents

t , . L
Sutherland, G., 1913. Across the wilds of Queermslaith sheep to the Northern Territory in the early
sixties, InPioneering Days: Thrilling IncidentaV.H. Wendt & Coy Ltd Printers, Brisbane.
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Appendix 3-1.Frequency and average abundance (in brackets) fall species
between treatments and sites. The five species th@bvide the greatest
contribution to the difference between treatments gsites with significant
difference (site 1 and site 4) are in bold. Undesitred species are identified with a
collector and collecting number relating to specimes at the Queensland
Herbarium.

Site 1 Site 2 Site 3 Site 4 Site 5
Life
Species form G UG G UG G UG G uG G UG
3
Abutilon malvifolium PH - (0.8) - - - - - -
1 1 1 7 9
Abutilon otocarpum PH (0.1) (0.3) - (0.3) - - - - (2.8) (2.4)
Alternanthera 5 2
angustifolia AH - - (2.00 (0.2 - - - - - -
3 3
Amaranthus mitchelli  AH - - (0.7 (0.9 - - - - - -
Avristida 2
anthoxanthoides AG - - - (0.4) - - -
10 8 2 8 7 9 9
Avristida contorta AG (2.3) (1.6) - - - 0.3) (2.7 (2.8 3.3) (3.3)
2
Astrebla pectinata PG - - - - - (0.5) - - - -
1 2
Atriplex angulata AH - - (0.1) (0.9 - - - - - -
1 1 6 7 3 2
Atriplex holocarpa AH - (0.2) - (01 (@9 (21 (@1 (.8 - -
1
Atriplex limbata PH - - - - - - - (0.1) - -
Boerhaevia 7 1 3 1
pubescens PH (1.6) (0.4 - - - - - - (0.8) (0.2)
Boerhaevia 2 3 7 1
schomburgkiana PH - 0.7y (0.7 (2.1) - (0.4) - - - -
Brachyachne 7 9
convergens AG - - - - (2.00 (2.8) - - - -
9 7
Bulbine semibarbata AH - - 3.3) (2.3) - - - - - -
8 2
Calotis hispidula AH - - (2.2) (0.9 - - - - - -
9 5
Calotis lappulacea AH - - 2.7 (1.0 - - - - - -
1 4 3 1 2
Calotis plumulifera AH - (0.3) (0.7) (0.6) - - (0.2) (0.3) - -
Chaemacsyce sp. M. 4 1 1
Thomas 3620 AH (0.4) - - - - (0.1) (0.3) - - -
Chenopodium 1 1
auricomum PH - - (0.3) (0.1) - - - - - -
5 4 1
Chloris pectinata AG - - (2.0) (0.6) - - - - - (0.1)
3 5 1 3 2
Convolvulus clementii  AH (0.5) (1.4) (0.2) (0.6) - - - - - (0.5)
3 2 4
Cullen cinereum PH - (0.5) (0.7) (1.1 - - -
2 4
Cullen pallidum PH - - - - - - - - (0.4) (0.7)
1
Cyperus bifax PH - - - (0.2) - - - - - -
1
Cyperus iria AH - - - (0.1) - - - - - -
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Site 1 Site 2 Site 3 Site 4 Site 5
Life
Species form G UG G UG G uG G uG G UG
Dactyloctenium 10 10 7 3 9 9 7 9 7 8
radulans AG (34 (40 (14 @10 (B3) (B4 ((26) (22 (2.2) (2.1)
1 3 1 3 6 6 4 1
Dichanthium sericeum AG (0.1) (.5) (©.1) (©.79 (@5) @b5) (@7 (0.1 - -
2
Einadia nutans PH - - (0.4) - - - - - - -
Enchylaena 1
tomentose PH - - (0.1) - - - - - - -
Enneapogon 9 10 3 9 8 10 10 10 10
avenaceus AG 3.1) (4.0 - 0.7y (26) (26) 37 3.7 (3.8) (3.5)
Enneapogon 9 10 1 3 10 10 9 10 10 9
polyphyllus AG 31 @7 (01 (@©6) (40 (B9 (B3 (35 (3.8) 3.1)
1
Eragrostis basedowii AG - - 0.2) - - - - - - -
10 7 4 4 7 2 4
Eragrostis dielsii AG 28) (15 @2 @2 - - (1.5) (0.5) - (1.1)
4 4
Eragrostis leptocarpa ~ AG - - (0.6) (0.8) - - - - - -
3 2
Eragrostis setifolia PG - - 0.9) (0.7 - - - - - -
3 2
Eragrostis tenellula AG - - (0.5) (0.2 - - - - - -
3 2
Eriachne aristidea AG - - - - - - (0.5) (0.9) - -
3
Erodium carolinianum  AH - (0.6) - - - - - - - -
7 3
Eucalyptus coolabah T - - 1.3) (0.8) - - - - - -
Euphorbia tannensis 2 2 1 1 5 6
subsp. Eremophila AH - (0.3) - (0.2) - - (0.1) (0.3) (2.0) 1.2)
Evolvulus alsinoides 3
var. villosicalyx AH - - - - - - - (0.7) -
8 9 4 2 10 10 8 8
Fimbristylis dichotoma PH (1.8) (2.8) - - (0.6) (0.4) (39 (4.0 (2.8) (2.8)
1
Frankenia gracilis PH - - - - - - - (0.1) - -
6 1
Gilesia biniflora PH - (2.6) - - - - (0.2) -
1 5 1
Gnephosis eriocarpa AH - - (0.1) (1.1 - - - 0.1) - -
3 2 1 1 2
Goodenia fascicularis ~ AH (0.3) (0.5) - - (0.2) (0.3) - - - (0.3)
Goodenia sp. RJ 2 3
Fensham 5979 AH - - (0.6) (0.5 - - - - - -
1
Hakea leucoptera S - - - - - - - - - (0.1)
Heliotropium 2
cunninghamii AH - - - - - - (0.3) - - -
1
Heliotropium moorei AH (0.3) - - - - - - - - -
Hibiscus 1 3 1
brachysiphonius PH (0.2) (0.9 - - - (0.3) - - - -
Hibiscus 5 1
krichauffianus PH (1.2) (0.2 - - - - - - - -
Indigastrum 2 9
parviflorum AH (0.3) (1.9 - - - - - -
10 6 5 6 7
Indigofera colutea AH 1.6) (1.4 - - - - 1.4) - (1.4) (1.4)
1
Indigofera hirsute AH - - 0.2) - - - - - - -
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Site 1 Site 2 Site 3 Site 4 Site 5
Life
Species form G uG G uG G uG G uG G uG
10 7 1 5 4
Indigofera linnaei AH 1.4) (1.8 - - - (0.1) - - (0.7) (0.6)
8 5 1 1 7 7
Ipomoea polymorpha AH 2.7y (1.2 - (0.3) - - (0.1) - (1.3) (2.2)
Iseilema 1
membranaceum AG - - - (0.2) - - - - - -
3 4
Iseilema vaginiflorum AG - (0.5) - - - (0.9) - - -
Lepidium 4 5 6 7 10 7 9
phlebopetalum AH 0.7y (1.1) - - (0.9) - (22) (3.4 (2.0) 2.9)
Leptochloa fusca AG - - - - - - - - - -
1
Lotus cruentus AH - - - - - - - - (0.1) -
1 1 6 5 1 2
Maireana coronata PH - - (0.3) (0.1) (@13 (1.4 - (0.1) - (0.3)
1
Maireana macrocarpa PH - - - - - - (0.2) - - -
Muehlenbeckia 1
florulenta PH - - (0.1) - - - - - - -
7 1
Nicotiana velutina AH - - (12.1) (0.1) - - - - - -
Phyllanthus 3 5
lacunarius AH - - (12.00 (1.3) - - - - - -
2 1
Portulaca filifolia AH - - - - (0.4) (0.9) - - - -
6 10 10 9 5 2 1 1
Portulaca oleracea AH - 20) @B6) (B7 (29 @2 (0.8 - (0.3) (0.2)
Pterocaulon 1
spathulatum AH - - - (0.3) - - - - - -
1
Ptilotus obovatus PH - - - - - - (0.3) - - -
2 2
Ptilotus polystachyus AH - - - - - - (0.2) - (0.6) -
Rhodanthe 2
moschatum AH - - (0.2) - - - - - - -
5 7 3 2 10 10 9 10 5 2
Salsola kali AH (0.6) (1.6) (04) (05 (32) (3.0 (280 (3.0 0.9) 0.4)
Sauropus 1
trachyspermus AH (0.1) - - - - - - - - -
4 1 3 8 8 5
Sclerolaena bicornis PH - - (0.9) (0.1) - - (0.6) (1.4 (2.0) 1.2)
3 3
Sclerolaena calcarata  PH - - (0.7) (0.8) - - - - - -
4
Sclerolaena cuneata PH - - - - - - - (1.2) - -
Sclerolaena 1
decurrens PH - - - - - - (0.2) - - -
3 2 1 1
Sclerolaena diacantha PH (0.6) (0.6) (0.1) (0.2 - - - - - -
9 9 2 1 1
Sclerolaena glabra PH - - - - (25) (220 (0.8 (0.2 - (0.1)
2 3
Sclerolaena intricate PH - - (0.4) (0.8) - - - - - -
Sclerolaena 3 4 10 10 7 9 1
lanicuspis PH (0.8) (0.8) - - (40 40 (@6 (221 (0.2) -
Sclerolaena 7 8 1
parallelicuspis PH - - - - 1.4 (2.2 - (0.4) - -
1
Senecio depressicola  AH - - - (0.1) - - - - - -
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Site 1 Site 2 Site 3 Site 4 Site 5
Life
Species form G UG G UG G UG G uG G UG
3 1 2
Sida ammophila PH (0.6) (0.2) - - - - (0.4) - - -
2 1
Sida cunninghamii PH (0.4) - - - - - - - (0.1) -
8 11 1 2 4 2 1
Sida fibulifera PH 1.7) (3.5) - (0.1) (0.6) (0.7) (0.6) - 0.2) -
1 6
Sida goniocarpa PH (0.1) (1.2) - - - - - - - -
1 1
Sida trichopoda PH - - - (0.2) (0.4) - - - - -
2
Solanum esuriale PH - - (0.4) - - - - - - -
Sporobolus 4 1 2 9 10 2
actinocladus AG - (2.0) (0.1) (.20 (29 (.79 (0.4 - - -
Streptoglossa 1
adscendens AH - - - (0.2) - - - - -
9 9 2 3 7 4
Swainsona burkei AH 2.4) (2.8) - - - - 0.7 (1.0 (1.4) 1.2)
1
Swainsona oroboides  AH - (0.2) - - - - - - - -
Tephrosia 8 2 1
sphaerospora PH (1.6) (0.4 - - - - - - - (0.1)
4 3
Tetragonia moorei AH - - 1.2) (0.6) - - - - - -
4 2
Teucrium racemosum  PH - - 1.2) (0.2 - - - - - -
9 10 2 3 9 10 5 4
Tragus australiense AG 24) 3.3) (0.6) (0.8) (3.3) (3.5 - - (0.7) (0.8)
10 8 2 3 1 10 8
Tribulus eichlerianus AH (400 (19 (0.3) (1.0 - - 0.2) - (3.6) (2.6)
Trigonella 8 6
suavassisima AH - - 2.1) (@1.8) - - - - - -
10 10 8 8 10 10 10 8
Tripogon lolliiformis AG (3.5) (3.2 - - 24 @7 (3.8 (3.7 (3.8) (2.9)
1 1 2 5 3 3
Triraphis mollis AG (0.1) (0.3) (0.4) (1.6) - - (0.6) - - (0.7)
Urochloa 5 2 4 3
subquadripara AG (0.8) (0.5) - - - - - - 1.2) (0.3)
4
Zaleya galericulata PH - - - (2.0) - - - - - -
Zygophyllum 1 2
apiculatum AH - - (0.3) - - (0.8) - - - -
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Appendix 4-1. Listed (Endangered, Vulnerable and Near Threatenedand

candidate (Least Concern) species, western Queensia

Conservation Number of
Family Species Status, Qld E? m Distribution A | Records, I(_:i?ltected Life B | Habitat
NCA (EPBC Rarit QLD (Al oLD " | Form
Act) y Regions)
Acanthaceae Ehaph'dosmra V (V) R7 ML; MGD 11 (13) 2009 PF Residuals
onneyana
Acanthaceae Xerothamnella V (V) R5 ML; CHC 16 (18) 2009 PF Residuals
parvifolia
CHC; ML;
Aizoaceae Gunniopsis papillata | LC R1 MGD; NWH 5(11) 1989 PF Residuals
(SA, NSW)
Gunniopsis sp. Sprin
Aizoaceae (Edgbaston LC R7 MGD 1(1) 2010 AF Wztlag g
R.J.Fensham 5094)
Amaranthaceae | yssanthes LC R7 ML 1(1) 1997 PF Residuals
(Budgerygar)
Amaranthaceae | Nyssanthes (Mt LC R5 MGD 22 2009 PF Residuals
Booka Booka)
Ptilotus MGD; ML .
Amaranthaceae brachyanthus E R6 (NT) 7(8) 2009 PF Variable
Amaranthaceae Ptilotus maconochiei | NT R5 mv?/a CHC; 18 (18) 2005 PF Residuals
Ptilotus CHC; ML; .
Amaranthaceae pseudohelipteroides NT R1 MGD 13 (22) 2009 AF Residuals
. . MGD; CHC; ;
Amaranthaceae Ptilotus remotiflorus LC R5 ML (NSW) 16 (18) 2009 PF Residuals
. . A ML; BB Sandy red
Apiaceae Actinotus paddisonii NT R5 (NSW) 5(12) 1998 PF earth
Apiaceae Eryngium fontanum E (E) R5 MGD 7(7) 2005 AqF Spring
wetland
Apocynaceae Cerbera dumicola NT R5 MGD; BB; EU | 37 (37) 2005 S Residuals
Araceae Typhonium LC R5 MGD (NT) 1(2) 1988 L Acacia
alismifolium woodland
. . . Spring
Araliaceae Hydrocotyle dipleura | V R5 MGD; ML 6 (6) 2005 PF
wetland
Araliaceae Trachymene clivicola | LC R5 MGD; CHC 9(9) 2005 AF Residuals
Brachyscome Other
Asteraceae tesquorum NT R3 CHC (NT) 2 (44) 2007 PF wetland
Asteraceae Calocephalus (Lake | - R5 MGD; DU 5 (5) 2006 AF Spring
Huffer) wetland
Calocephalus sp. Sprin
Asteraceae (Eulo M.E.Ballingall | NT R5 ML 7(7) 2004 AF W"e’ﬂag g
MEB2590)
Asteraceae Calotis suffruticosa NT R5 MGD; CHC 3(3) 1981 PF Downs
Ixiochlamys CHC; MGD;
Asteraceae . my LC R2 NWH (NT, 6 (25) 1981 AF Limestone
integerrima
SA)
» v Rs | MGD; ML BB 2008
Asteraceae Picris barbarorum (NSW) 16 (20) AF Downs
Asteraceae Rhodanthe NT R5 ML; CHC 4(4) 2006 AF Residuals
rufescens
Asteraceae Vittadinia decora NT R5 ML 4 (4) 2009 PF gggﬁy red
Boraginaceae Heliotropium LC R7 MGD 1(1) 1947 PF Limestone
chalcedonium
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Conservation Form Number of Last "
. . Status, QId .. A | Records, Life .
Family Species NCA (EPBC garit Distribution QLD (Al gillljected, Form B | Habitat
Act) Y Regions)
Arabidella sp. . . )
Brassicaceae (Eurella S.L.Everist LC R4 ?{I\II‘SV’\\;I)G D; BB 34 1949 PF vAvg?cl)(c:lI; nd
3734)
Isotoma sp. (Myross Spring
Campanulaceae R.J.Fensham 3883) LC R7 MGD 2(2) 2007 PF wetland
Isotoma sp. Spring
Campanulaceae (Elizabeth Springs) LC R1 MGD 1(1) 1999 AqF wetland
Chenopodiaceae | Atriplex fissivalvis LC R5 CS::CN(S\I/‘) 4 (10) 2010 AF Residuals
Chenopodiaceae | Atriplex lobativalvis NT R5 CS::CN(SV-I\-/‘) 2 (50) 1988 AF \E/Evzngnmderal
. . - ML (SA, .
Chenopodiaceae | Atriplex morrisii \Y, R6 NSW) 1(9) 1936 AF Residuals
. Chenopodium ML; MGD; Acacia
Chenopodiaceae hubbardii LC R5 BB: DU 14 (14) 1967 AF woodland
Chenopodiaceae | Dysphania valida LC R4 ML; BB 6 (6) 1970 PF Variable
Chenopodiaceae | Maireana cheelii LC (V) R3 m‘sﬁH\% ) 3(20) 2008 PF Evgngrr?deral
Chenopodiaceae | Maireana lanosa LC R3 S\H_C): MGD 5 (20) 1990 PF Variable
Chenopodiaceae | OSteocarpum LC R3 CHC (SA) 4(12) 1995 PF Residuals
pentapterum
Chenopodiaceae | OSteocarpum LC R7 ML (NSW) 2 (5) 1955 PF Ephemeral
scleropterum wetland
. Sclerolaena CHC (SA,
Chenopodiaceae blackiana NT R6 NSW) 3(30) 2005 PF Downs
Chenopodiaceae | Sclerolaena blakei V (V) R7 CHC 1(1) 1936 PF Residuals
Chenopodiaceae | Sclerolaena walkeri V (V) R1 ml(_B;DC(T\I%W) 13 (14) 2009 PF Evgngrr?deral
" ML; BB .
Convolvulaceae Duperreya halfordii LC R7 (NSW) 24 1972 \% Residuals
Cucurbitaceae | Austrobryonia E (E) R3 MGD (NT) 15 (20) 2009 PF Downs
argillicola
Cyperaceae Eleocharis blakeana | NT R1 ML; BB 26 (28) 2007 Sedge 8@?& d
Fimbristylis sp. Sprin
Cyperaceae (Elizabeth Springs LC R1 MGD (SA) 5(7) 2004 Sedge wztlarg1 d
R.J.Fensham 3743)
ML; BB Other
Cyperaceae Schoenus centralis LC R3 (NSW, NT, 2(7) 1984 Sedge wetland
WA)
Eriocaulaceae Eriocaulon E (CE) R5 MGD 2(2) 2006 AgF Spring
aloefolium wetland
MGD; ML;
Eriocaulaceae Eriocaulon carsonii E (E) R1 gg;(gx; GP; 20 (23) 2004 AqF \?vz;;ggd
NSW)
Eriocaulaceae Eriocaulon E (CE) R5 MGD 1(1) 1998 AgF | Spring
giganticum wetland
. Euphorbia ML; CHC; DU .
Euphorbiaceae sarcostemmoides \% R1 (NT) 21 (97) 2006 S Residuals
Euphorbiaceae | Ri¢inocarpos LC R5 ML 11 (11) 2000 s Residuals
crispatus
Fabaceae Indigofera haematica | LC R5 SSC; MGD; 8 (8) 2009 PF Residuals
Fabaceae Indigofera oxyrachis | V R7 CHC; ML 3(3) 1989 PF Residuals
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Conservation Form Number of Last "
. . Status, QId .. A | Records, Life .
Family Species NCA (EPBC garit Distribution QLD (Al gillljected, Form B | Habitat
Act) Y Regions)
Fabaceae Swainsona simils | LC R2 ML (NSW) 3(8) 1976 PE S:rrt‘ﬁy red
Vigna sp. (McDonald CHC: GP:
Fabaceae Downs Station LC R4 NWI—i (Nf) 5 (6) 2008 \% Variable
R.A.Perry 3416)

. Goodenia CHC; MGD; )
Goodeniaceae angustifolia NT R5 NWH (NT) 6 (32) 2005 PF Variable
Goodeniaceae | &0°0denia LC R7 ML; CHC 9(9) 2008 PF Residuals

atriplexifolia
Goodeniaceae Goodenia expansa LC R5 ML; CHC 6 (6) 2005 AF s:rr;ﬁy red
Myriophyllum ML; MGD; Spring
Haloragaceae artesium E R1 DU: BB 14 (14) 2004 AgF wetland
Johnsoniaceae Caesia chlorantha LC R3 ML; BB (NT) 12 (18) 1998 L Downs
Johnsoniaceae Corynotheca licrota LC R1 ’,\\IA.IF (’S\IEVQ//’I ) 3 (40) 1984 L S:rrt]ﬁy red
. ML; BB Other
Malvaceae Sida argentea LC R6 (NSW) 4 (6) 2003 PF wetland
Malvaceae Sida asterocalyx LC R7 ML; CHC 10 (10) 2001 PF Residuals
Mimosaceae Acacia (Cowley) LC R5 ML 5(5) 2009 T vAvg?cl)(c:lI; nd
Mimosaceae Acacia ammophila V (V) R4 ML 31(31) 1999 T s:rr;ﬁy red
Mimosaceae Acacia crombiei V (V) R5 EASDGPEU 32 (32) 2005 T Variable
Mimosaceae Acacia peuce \% R5 (C’\II-JI_C): MGD 31(35) 2005 T Variable
Mimosaceae Acacia philoxera LC R7 ML 3(3) 2000 S Residuals
Acacia sp.
Mimosaceae (Ambathala LC R5 ML 3(3) 2006 T Residuals
C.Sandercoe 624)
Acacia sp. (Fermoy . .
Mimosaceae Road |.V.Newman LC R5 ,\CA':C MGD; 8 (8) 2010 T Residuals
487)
Mimosaceae Acacia spania NT R4 ML; DU; BB 14 (14) 2006 T Variable
. . L CHC (NT, Other
Molluginaceae Glinus orygioides LC R2 WA) 3(20) 1988 PF wetland
Eremophila
Myoporaceae arbuscula LC RS ML 15 (15) 2000 T Residuals
Eremophila . Acacia
Myoporaceae stenophylla LC R5 ML; CHC 20 (20) 2010 S woodland
Myoporaceae Eremophila V (V) R5 MGD; CHC 10 (10) 2005 s Variable
tetraptera
Myrtaceae Kunzea LC R5 ML 1(1) 2010 S Residuals
Myrtaceae Melaleuca V (V) R5 ML 7(7) 2009 s Residuals
kunzeoides
Melaleuca sp. (Mt Acacia
Myrtaceae Marlow M.E. LC R5 MGD 3(3) 1999 S woodland
Ballingall MEB2737)
Myrtaceae Micromyrtus Vv R5 ML; DU;BB | 8(8) 2004 s Residuals
rotundifolia
Thryptomene .
Myrtaceae hexandra NT R1 ML 33(39) 2009 S Residuals
Nymphaea Other
Nymphaeaceae georginae LC R1 MGD (NT) 2(5) 2006 AqF wetland
Phyllanthaceae f;lt‘/‘é'l'iﬂtgus LC R7 ML (NSW) 2 (4) 2004 PE Residuals
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Conservation Form Number of Last "
. . Status, QId .. A | Records, Life .
Family Species NCA (EPBC garit Distribution QLD (Al gillljected, Form B | Habitat
Act) Y Regions)
ML; CHC,;
Sauropus DU; BB; GP B
Phyllanthaceae [AMOSISSIMUS LC C (NT, WA, 9 (20) 2006 PF Residuals
NSW, SA)
Austrochloris ML; MGD;
Poaceae ) L LC R6 CHC; DU; 20 (20) 2008 PG Variable
dichanthioides NWH
Poaceae Austrostipa blakei LC R6 ?{I\:‘SV?/)B 9 (11) 2002 PG s:rr;ﬁy red
Chloris sp. Sprin
Poaceae (Edgbaston LC R7 MGD 1(1) 2009 AG Wztlag g
R.J.Fensham 5694)
Dactyloctenium MGD; DU; Other
Poaceae buchananensis Lc RS EU; BB 12(12) 2008 AG wetland
Poaceae Digitaria hubbardii | LC R5 E‘f\}éﬁ? 14 (19) 2008 PG S:rrt‘ﬁy red
. . . Spring
Poaceae Eragrostis fenshamii | LC R5 ML; MGD 3(3) 2009 PG wetland
Poaceae Iseilema calvum LC R7 ?f\%) GP 17 (19) 1991 AG Downs
ML; CHC,;
MGD; DU;
Poaceae Neurachne munroi LC R2 NWH (NT, 37 (120) 2006 PG Variable
SA, NSW,
WA)
Schizachyrium MGD; NWH,; .
Poaceae perplexum LC R3 GP: EU (NT) 12 (15) 2006 AG Residuals
Poaceae Spathia neurosa LC R5 xﬁ? CHC 8 (20) 2002 AG Downs
Poaceae Sporobolus pamelae | E R5 II\DALIjI MGD; 7(7) 1999 PG \?VE;IIQE d
Sporobolus ML; CHC; Spring
Poaceae partimpatens NT R1 BB: DU 14 (14) 2008 PG wetland
Poaceae Urochloa atrisola LC R2 zl\ﬁ.)D GP 6 (8) 2002 AG Downs
Poaceae Yakirra websteri LC R7 ML; BB 2(2) 1975 PG S:rrt‘ﬁy red
Calandrinia sp.
Portulacaceae (Lumeah R.W.Purdie | LC R7 ML; CHC; DU | 4 (4) 2009 AF Residuals
2168)
Proteaceae Grevillea V (V) R5 | CHC(NSW) |3(7) 1998 s Residuals
kennedyana
Proteaceae Hakea NT R5 ML 15 (15) 2000 s Residuals
maconochieana
. Oldenlandia MGD; GP
Rubiaceae spathulata E R5 (NT) 34) 2009 AF Downs
Sapindaceae Dodonaea intricata LC R5 ML (SA?) 6 (8) 2001 S Residuals
ML; CHC
Scrophulariaceae | Elacholoma hornii NT R1 (NT, WA, SA, | 2(30) 1973 AF Variable
NSW)
Peplidium sp. Sprin
Scrophulariaceae | (Edgbaston LC R5 MGD 2(2) 1998 AF W"e’ﬂag g
R.J.Fensham 3341)
Solanaceae Solanum versicolor LC R7 ML 4 (4) 2007 PF s:rr;ﬁy red
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Conservation Form Number of Last "
. . Status, QId .. A | Records, Life .
Family Species NCA (EPBC garit Distribution QLD (Al gillljected, Form B | Habitat
Act) Y Regions)
Surinaceae Cadellia pentastylis V (V) R5 ?fl\ILSVl\g/? MGD 59 (65) 2005 T Residuals
Zygophyllaceae Roepera humillima LC R7 CHC (SA) 2(2) 2005 AF Downs
Zygophyllaceae Roepera rowelliae LC R7 CHC (NT) 1(15) 1971 AF Limestone

A Bioregions: ML = Mulga Lands, CHC = Channel CoynMGD = Mitchell Grass Downs,

NWH = North West Highlands, DU = Desert Uplands, £8ulf Plains, BB = Brigalow

Belt, EU = Einasleigh Uplands (States: NT = North&erritory, NSW = New South Wales,
SA = South Australia, WA = Western Australia, Vid/itoria)

B Life forms, see Table 4-8
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Appendix 5-1.Plant species recorded in northern Grey Range, Qeasland,

Australia and percentage occurrence in the 88 detiad sites recorded by habitat.

° o 2
P 0z 3 ¢ F 2
s 3 8 g &8 ¢
E 2 g @ o £ =
€ ¢ g 2T & 5 S5
. . L 3 o o ° 5 =
Family Species 5 m m m ) = %)
Acanthaceae Brunoniella australis PH 19 13 27
Acanthaceae Dipteracanthus australasica PH 15
Acanthaceae Rhaphidospora bonneyana S 8
Acanthaceae Xerothamnella parvifolia S 62
Adiantaceae Cheilanthes distans PF 6
Adiantaceae Cheilanthes sieberi PF 80 55
Aizoaceae Trianthema triquetra AH 54
Amaranthaceae Achyranthes aspera AH 6 8
Amaranthaceae Alternanthera denticulata AH 19 13 15 13
Amaranthaceae Ptilotus decipiens AH 6
Amaranthaceae Ptilotus nobilis PH 8
Amaranthaceae Ptilotus obovatus PH 13 15
Amaranthaceae Ptilotus pedleyanus S 31
Amaranthaceae Ptilotus royceanus PH 6
Apiaceae Trachymene cyanantha AH 20 36
Apocynaceae Parsonsia eucalyptophylla PV
Apocynaceae Sarcostemma australe PV 8
Asphodelaceae Bulbine alata AL 8
Asteraceae Calotis cuneifolia PH 13 7 40 18
Asteraceae Calotis hispidula AH 18
Asteraceae Calotis lappulacea PH 9
Asteraceae Calotis latiuscula PH 13 9
Asteraceae Epaltes australis AH 18
Asteraceae Pluchea rubelliflora PH 7 9
Asteraceae Podolepis canescens AH 7
Asteraceae Pterocaulon serrulatum AH 19 7 23 53 18
Asteraceae Pterocaulon sphacelatum AH 6 15 40 27
Asteraceae Verbesina encelioides* AH 13 15
Asteraceae Vittadinia sulcate PH 15 33
Bignoniaceae Pandorea pandorana PV 20 13
Boraginaceae Ehretia membranifolia S 8
Boraginaceae Helitropium cunninghamii PH 9
Brassicaceae Stenopetalum decipiens PH
Caesalpiniaceae Lysiphyllum caronii T
Caesalpiniaceae Petalostylis labicheoides S 7
Caesalpiniaceae Senna artemisioides subsp. filifolia S 6 23 7
Caesalpiniaceae Senna artemesioides subsp. zygophylla S 8 7
Caesalpiniaceae Senna artemisioides subsp. artemisioides S 7
Caesalpiniaceae Senna artemisioides subsp. helmsii S 6 6 13 55
Caesalpiniaceae Senna artemisioides subsp. oligophylla S 38 7 9
Caesalpiniaceae Senna phyllodinea S 8
Caesalpiniaceae Senna pleurocarpa S 7
Campanulaceae Wabhlenbergia gracilis AH 27
Capparaceae Capparis lasiantha S 38 7 15
Carophyllaceae Polycarpaea multicaulis PH 6
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Family Species 5 = 3 & 10 2 &
Chenopodiaceae Atriplex humifusa PH 8
Chenopodiaceae Atriplex limbata PH 8
Chenopodiaceae Atriplex lindleyi AH 8
Chenopodiaceae Chenopodium desertorum PH 6 13 85
Chenopodiaceae Dissocarpos paradoxus PH 23
Chenopodiaceae Dysphania glomulifera AH 11 44 33 8 33 64
Chenopodiaceae Dysphania rhadinostachya AH 6 13
Chenopodiaceae Einadia nutans PH 38
Chenopodiaceae Enchylaena tomentosa PH 25 7 92
Chenopodiaceae Maireana campanulata PH 23
Chenopodiaceae Maireana georgeii PH 6 23
Chenopodiaceae Maireana triptera PH 6 69 9
Chenopodiaceae Maireana villosa PH 28 38 a7 54 7
Chenopodiaceae Neobassia proceriflora PH 15
Chenopodiaceae Rhagodia spinescens S 15
Chenopodiaceae Salsola kali AH 6 38
Chenopodiaceae Sclerolaena birchii PH 8
Chenopodiaceae Sclerolaena calcarata PH 31
Chenopodiaceae Sclerolaena convexula PH 31
Chenopodiaceae Sclerolaena cuneata PH 6 13
Chenopodiaceae Sclerolaena diacantha PH 31 77
Chenopodiaceae Sclerolaena glabra PH 15
Chenopodiaceae Sclerolaena lanicuspis PH e
Chenopodiaceae Sclerolanea longicuspis PH 15
Convolvulaceae Convolvulus clementii PV 7
Convolvulaceae Evolvulus alsinoides PH 40 45
Convolvulaceae Ipomoea calobra PV 6 7 40 9
Convolvulaceae Ipomoea polpha PV 7 9
Cyperaceae Bulbostylis barbata AS 6
Cyperaceae Cyperus gilesii PS 11
Cyperaceae Fimbristylis dichotoma PS 72 13 47 82
Cyperaceae Scleria sphacelata PS 7
Droseraceae Drosera burmanni PH 6
Euphorbiaceae Chamaesyce drummondii AH 8 27 18
Euphorbiaceae Euphorbia sarcostemmoides S 17 7
Euphorbiaceae Euphorbia tannensis AH 13
Fabaceae Indigofera oxyrachis S 8
Fabaceae Jacksonia rhadinoclona S 22
Goodeniaceae Goodenia atriplexifolia PH 17 7
Goodeniaceae Goodenia havilandii AH 13
Goodeniaceae Goodenia lunata AH
Goodeniaceae Velleia glabrata AH 7 18
Haloragaceae Haloragis odontocarpa AH 7
Hemerocallidaceae Dianella porracea PL 13
Lamiaceae Prostanthera megacalyx S 11
Lamiaceae Prostanthera suborbicularis S 7 9
Lamiaceae Spartothamnella puberula PH 6
Lamiaceae Westringia rigida S 11
Malvaceae Abutilon calliphyllum PH 38

206



2 @ 2
: 2 5 £ F 3
s 3 8 8§ & %
E 2 g 9 o = 2
e ¢ 8 8 & 5 3
) = c c S = =
Family Species 5 = 3 & 10 2 &
Malvaceae Abutilon fraseri PH 6 23
Malvaceae Abutilon otocarpum PH 6 13 60
Malvaceae Abutilon oxycarpum PH 13
Malvaceae Hibiscus brachysiphonious PH 15
Malvaceae Hibiscus krichkauffianus PH 7 20
Malvaceae Hibiscus sp. (Emerald S.L.Everist 2124) PH 6 8 20
Malvaceae Hibiscus sturtii PH 25 8 13
Malvaceae Malvastrum americanum AH 6 13 38
Malvaceae Melhania oblongifolia PH 8
Malvaceae Sida sp. (affin. trichopoda) PH 13 7
Malvaceae Sida aprica PH 50 20
Malvaceae Sida everistiana PH 77
Malvaceae Sida fibulifera PH 6 31
Malvaceae Sida petrophila S 7
Malvaceae Sida platycalyx PH 7
Malvaceae Sida sp. (Jericho E.J.Thompson+JER117) PH 6 38 20 23 80 91
Malvaceae Sida sp. (Laglan Station L.S.Smith 10325) PH 7 9
Malvaceae Sida sp. (Musselbrook M.B.Thomas+MRS437) PH 7 8
Malvaceae Sida trichopoda PH 8
Malvaceae Sida sp. (‘twiggy") PH 28 13 7
Mimosaceae Acacia aneura T 17 13 13 15 100 55
Mimosaceae Acacia cambagei T 100
Mimosaceae Acacia catenulata T 44 100 100 15
Mimosaceae Acacia sp. (Fermoy Road |.V.Newman 487) T 28 6 13 7
Mimosaceae Acacia ensifolia T 25
Mimosaceae Acacia harpophylla T 15
Mimosaceae Acacia petraea T 6 13
Mimosaceae Acacia ramulosa S 55
Mimosaceae Acacia sp. (affin. cana) T 8
Mimosaceae Acacia stowardii S 89 7 33 55
Mimosaceae Acacia torulensis S 7 9
Myoporaceae Eremophila arbuscula T 50 7
Myoporaceae Eremophila bowmanii S 53 55
Myoporaceae Eremophila latrobei S 28 20
Myoporaceae Eremophila linsmithii S 23
Myoporaceae Eremophila mitchellii S 38
Myoporaceae Eremophila oppositifolia S 8
Myoporaceae Myoporoum montanum S 8
Myrtaceae Corymbia blakei T 39 6 7 27
Myrtaceae Corymbia terminalis T 33 27
Myrtaceae Corymbia tessellaris T 11 6 13 18
Myrtaceae Eucalyptus cambageana T 7
Myrtaceae Eucalyptus exserta T 6 7
Myrtaceae Eucalyptus melanophloia T 13 9
Myrtaceae Eucalyptus populnea seedling T 53 18
Myrtaceae Eucalyptus thozetiana T 13 15 7
Myrtaceae Homalocalyx polyandrous S 22
Myrtaceae Thryptomene parviflora S 9
Nyctaginaceae Boerhavia dominii AH 15
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Oxalidaceae Oxalis radicosa AH 7
Poaceae Amphipogon caricinus PG 6 20 45
Poaceae Apophyllum anomalum S 15
Poaceae Aristida contorta AG 6 7 27
Poaceae Aristida echinata PG 9
Poaceae Aristida holathera PG 27
Poaceae Aristida jerichoensis PG 17 27
Poaceae Aristida strigosa PG 8
Poaceae Chloris pectinata AG 15
Poaceae Cymbopogon refractus PG 6 7
Poaceae Dactyloctenium radulans AG 8
Poaceae Digitaria ammophila PG 7 7
Poaceae Digitaria brownie PG 9
Poaceae Digitaria diminuta PG 6 13 20 67 45
Poaceae Enneapogon lindleyanus PG 31
Poaceae Enneapogon polyphyllus AG 6 25 23 27 18
Poaceae Enteropogon acicularis PG 6 7 38
Poaceae Eragrostis dielsii AG 7
Poaceae Eragrostis eriopoda PG 6 18
Poaceae Eragrostis lacunaria PG 50 56 73 31 100 91
Poaceae Eragrostis macrocarpa PG 7 33 27
Poaceae Eragrostis parviflora AG 9
Poaceae Eragrostis sororia PG 6 7
Poaceae Eriachne helmsii PG 7 8
Poaceae Eriachne mucronata PG 44 9
Poaceae Eriachne pulchella AG 83 13 13 27
Poaceae Leptochloa decipiens PG 7
Poaceae Monachather paradoxus PG 13 55
Poaceae Panicum effusum PG 47 73
Poaceae Paspalidium gracile PG 69 47 8 13
Poaceae Schizachyrium fragile AH 9
Poaceae Sporobolus actinocladus PG 38
Poaceae Sporobolus caroli AG 19 13 69
Poaceae Sporobolus scabridus PG 38 15 9
Poaceae Thyridolepis mitchelliana PH 17 6 27 73 45
Poaceae Tragus australiense AG 7
Poaceae Tripogon lolliiformis AG 78 13 33 8 a7 55
Poaceae Urochloa gilesii AG 7
Polygalaceae Polygala linariifolia PH 7
Portulacaceae Calandrinia sp. (Lumeah R.W.Purdie2168) AH 39 13
Portulacaceae Portulaca bicolour AH 8
Portulacaceae Portulaca oleracea AH 23
Portulacaceae Portulaca pilosa AH 8
Proteaceae Hakea collina S 44
Proteaceae Hakea maconochiana S 11
Proteaceae Hakea sp. (Mt Calder) S 7
Rhamnaceae Ventilago viminalis T
Rubiaceae Spermacoce brachystema AH 18
Rubiaceae Synaptantha tillacea AH 6 7 27
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Rutaceae Flindersia maculosa T 6 15
Rutaceae Geijera parviflora S 25 31
Santalaceae Santalum lanceolatum T 15
Sapindaceae Alectryon oleofolium T 6 15
Sapindaceae Atalaya hemiglauca T 13 8
Sapindaceae Dodonaea lanceolata S
Sapindaceae Dodonaea petiolaris S 7 20 9
Solanaceae Solanum cleistogamum PH 7
Solanaceae Solanum ellipticum PH 25 27 31 53 82
Solanaceae Solanum esuriale PH 7
Verbenaceae Clerodendrum floribundum T 7
Zygophyllaceae Roepera apiculata AH 6 15
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Appendix 6-1.Species excluded from the analysdue to being more common outside study area or uncain taxonomy. NCA = Nature
Conservation Act; E, endangered; V, vulnerable, NTnear threatened; LC, locally common

Family Species NCA  Reason Western Qld Notes
Status  excluded records (all
regions)
Asteraceae Brachyscome tesquorum NT Other regions 2 (54) Widespread and commoiniagtone and sandstone (with carbonate) habitats
in Northern Territory into Western Australia (D.bkkcht, pers.comm.)
Asteraceae Olearia aff. ferresii LC Taxonomy 5 (5) Found in sheltered habitats\a focations in northern Grey and Gowan
Range, over 4900kmtotal of 500 plants. Apparently distinct frobiearia
ferresii, but taxonomic clarification required (A. Hollarmgrs.comm.). If
distinct, meets criteria for listing as Vulnerafz2).
Asteraceae Picris barbarorum \% Other regions 2 (15) Known from a single populatnear Tambo and two 1970s records from south
of Cunnamulla and near Louth; stronghold is Darld@vns grasslands, where
it can be extremely abundant in some years (ergnsr 2007) but absent or
very rare for most of the time.
Boraginaceae Heliotropium LC Taxonomy 1(1) Known only from type collectioear Urandangi in 1947; searched for at
chalcedonium numerous locations in this area and numetéeigotropiumsamples collected.
None keyed out satisfactorily, but did not matttkhalcedoniunwhich has
broad leaves and short hairs on top of seeds Gmpson, pers.comm.)
Brassicaceae Arabidellasp. (Eurella  LC Taxonomy 3(4) 4 isolated records: Muckadilléadkall, Eulo, Tibooburra; last collected in

S.L.Everist 3734)

Chenopodiaceae Atriplex morrisii Vv

Chenopodiaceae Chenopodium hubbardii LC

Chenopodiaceae Dysphania valida LC

Other regions 1 (9)
+ taxonomy

Taxonomy 14 (14)

Other regions 2 (8)
+ taxonomy

Queensland in 1949; specimens look very similakratbidella glaucescens

Patchily distributed across NT, SA and NSWhw 1936 record from Qld
(south of Eromanga) - two suspected recent cotlastin western Qld were not
this species and one appeared to be a hybrid betiteplex spongiosand
A.lobativalvis Examination of specimens from other states reguio resolve
taxonomy; if a distinct species, surveys at sifdsigtorical collections in NSW
and SA required to assess conservation status.

Not collected since 1967; samtbC.desertorum distinguished by non-fetid
nature, tepals turning black and enclosing fruiety narrow inflorescence.
These characters are not clear from specimensa@hdharacters can occur on
plants within the same population. Probably noiséirett taxon.

Very close t®.glomulifera(key in Wilson 1984); most collections from
Brigalow Belt.
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Family Species NCA  Reason Western Qld Notes
Status  excluded records (all
regions)
Chenopodiaceae Osteocarpum LC Taxonomy 2(2) Known from two old collectionsusb of Cunnamulla. Wilson (1984)
scleropterum considers representatives of this species are plpbéhybrid origin involving

O.acropterumand possiblys.calcarataor anisacanthoidesThe only collection
in which 2-5 wings are present is type; others logedy a short wing and 1-4
tubercles.

Chenopodiaceae Sclerolaena blackiana  NT Other regions 2 (103) Large population foundainwestern Qld in 2010 (30 000 plants on Ethabuka
station), although had disappeared by 2012; mastds from SA + scattered
in NSW and NT - surveys in those states requiregbtess status.

Chenopodiaceae Sclerolaena blakei \% Taxonomy 1(1) Known only from type collection1936, between Boulia and Bedourie; looks
very close td5.cuneatalO hours search effort failed to locate species.

Convolvulaceae Duperreya halfordii LC Other regions 2 (11) Most records from westeBWN(Cobar, Louth, Bourke districts) + 2 Qld
records (Thargomindah 1955, Cunnamulla 1972). Agputir rare at most sites
but ungrazed; last NSW collection was 1987, arsldpicies is a priority for
surveys.

Cyperaceae Eleocharis blakeana NT Other regions 2 (28) Southern Brigalow Belt $pecjust into north-eastern Mulga Lands at two
sites near Mungallala (common at both sites)

Cyperaceae Schoenus centralis LC Other regions 1 (12) Known from scattered cditets in Qld, NSW, NT & WA; NT records are
from springs (one population has recently beeroted); seems strange that it
occurs in springs in NT and rainwater swamps in @dAlbrecht,
pers.comm.)

Fabaceae Vignasp. (McDonald LC Taxonomy 4 (5) Taxonomically messy group, cutlselbeing worked on, but it seerivégnasp.

Downs Station (McDonald Downs) may grade into the widespr¥agha lanceolatgA.
R.A.Perry 3416) Holland, pers.comm.)

Johnsoniaceae Corynotheca licrota LC Other regions 3 (70) Most records from southéonthern Territory (many recent records, listed as
near threatened) + scattered inland NSW & SA; aohfl in many hours
searching in western Qld and NSW, where it has bagn collected once in
past 25 years.

Mimosaceae Acacia spania NT Other regions 1 (15) Brigalow Belt/Desert Uplargpecies, with single isolated record from study
area (Idalia National Park) (infertile specimen).

Myrtaceae Micromyrtus rotundifolia V Other regions 1 (8) Mostly Desert Uplands, witkiragle record from eastern Mulga Lands.
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Family Species NCA  Reason Western Qld Notes

Status  excluded records (all
regions)
Poaceae Yakirra websteri LC Taxonomy 2(2) Looks very similar anicum effusupsearching at 11 sites close to both
collections (precise locations not available fahei) unsuccessful.
Surinaceae Cadellia pentastylis Vv Other regions 4 (75) Doesn't meet criteria fetitig unless ongoing decline is proven, which does

not seem to be the case (although past declinedhrtandclearing is well-
documented). However not assessed on basis ofrwe3lg surveys, as study
area contains only a tiny fraction of the specietdl range and numbers.
Zygophyllaceae Roepera humillima LC Other regions 2 (57) Widspread and quite commarastern-central South Australia; Queensland
and NSW populations are eastern outliers. Locdllynaant across large areas
in certain seasons in Diamantina and Astrebla DaMatonal Parks (M. Rich,
pers.comm.).
Zygophyllaceae Roepera rowelliae LC Other regions 1 (43) Mostly restricted to cehf&astralia (South Australia into Northern Terrigdpr
in limestone habitats; single outlying record freaquth-west QIld (1971)
Reference:Wilson, P.G. 1984, ‘Chenopodiaceae’, fitora of Australia, Volume 4: Phytolaccaceae to @bgodiaceag Australian Government Publishing Service,
Canberra.
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Appendix 6-2. Survey summary and assessment of threat status for 91 candidate spedierameters which are below IUCN thresholds are bolded. SE = searctiat. Category relates to re-assessment
categories (Table 2 in text)

Species (Family) SE SE Broad habitat (sub- Extent of occurrence (area of Population Extreme 1/A. 2/B. 3/C. Total 4/D. Total | 5/E. NCA Status Assessment | Catgory
hours (km?) | habitat) occupancy) (knf) size fluctuations? | Decline Geographic | number low number Extinction (EPBC status) | (2013)
(sites) (number of in distribution AND decline | low or probability (2010)
populations) numbers predicted very
restricted
range
Rhaphidospora bonneyana 40 (52) 3.16 Residuals (gorges; 32070 (13) 164780 (14) No <20% Not eligible Not eligible | NT (D2) Not eligible | V (V) NT 6
(Acanthaceae) creeklines)
Xerothamnella parvifolia | 32 (75) 15.00 | Residuals (gidgee 287260(240) 7635700 No <20% Not eligible Not eligible Not Not eligible | V (V) LC 2
(Acanthaceae) toeslopes, mesas) (>60) eligible
Gunniopsissp. (Edgbaston| 5 (15) 0.11 GAB scalds (soaks) 2.8 (0.0017) 198 (4) Yes <20% CE (B1, B2) E E \% LC (LC) E 3
R.J.Fensham 5094)
(Aizoaceae)
Nyssanthes impervia 7 (16) 0.40 Residuals (scree slopes)8 (0.5) 16250 (2) No <20% Not eligible Not eligible V (D2) Not eligible LC (LC) Vv 6
(Amaranthaceae)
Nyssanthes longistyla 5(12) 0.29 Residuals (scree slopes)14477 (3.25) <10000 (4) | No <20% Not eligible Not eligible V (D2) Not eligible LC (LC) Vv 6
(Amaranthaceae)
Ptilotus brachyanthus 20 (45) 2.00 Sandy slopes 18500 (<10) 2650 (3) Yes <20% E (B2) \% Not Not eligible | E (LC) E 5
(Amaranthaceae) eligible
Ptilotus maconochiei 12 (26 1.34 Residuals (scree slopes) 81800) 18000 (7) No <20% Not eligible Not eligible NT (D2) Not eligible | NT (LC) NT 6
(Amaranthaceae)
Ptilotus pseudo- 15 (82) 14.00 | Stony plains 2344280 (15000) 14288000| Yes <20% Not eligible Not eligible Not Not eligible | NT (LC) LC 2
helipteroides (>80) eligible
(Amaranthaceae)
Ptilotus remotiflorus 13 (70) 3.57 Residuals (kaolonite 141600(39) 1230000 (45) | No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Amaranthaceae) toeslopes) eligible
Ptilotus (Pot Jostler) 0.5 (1) 0.02 Residuals (kaolonite 0.01 (0.01) 500 (1) No <20% Not eligible Not eligible ?V (D2) ?? New species Y 6
(Amaranthaceae) toeslopes)
Actinotus paddisonii 30 (70) 0.53 Mulga lands spinifex 571&D0) 8800700 (13) | Yes <20% Not eligible Not eligible Not Not eligible | NT (LC) LC 2
(Apiaceae) eligible
Eryngium fontanum 50 (200) | 0.50 GAB discharge springs| 3138 (0.06) 6000(56) No <20% E (B1, B2) Y V (D2) Not eligible | E (E) E 3
(Apiaceae)
Rhynchharena linearis 50 (100) | 10.00| Variable 52284810) <20000(94) No Unknown | Not eligible Not eligible Not Not eligible LC (LC) NT 5
(Apocynaceae) eligible
Typhoniunsp. 1(5) 1.00 Acacia georginae 4700 (100) <1000 (5) Yes <20% Not eligible Not eligible V (D2) Not eligible LC (LC) Vv 6
(Tobermorey woodland

B.G.Thomson 2360)
(Araceae)
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Species (Family) SE SE Broad habitat (sub- Extent of occurrence (area of Population Extreme 1/A. 2/B. 3/C. Total 4/D. Total | 5/E. NCA Status Assessment | Catgory
hours (km?) | habitat) occupancy) (knf) size fluctuations? | Decline Geographic | number low number Extinction (EPBC status) | (2013)
(sites) (number of in distribution AND decline | low or probability (2010)
populations) numbers predicted very
restricted
range

Hydrocotyle dipleura 94 (375) | 0.94 GAB discharge springs| 45344(0.06) 11400(57) No <20% Not eligible Not eligible V (D2) Not eligible | V (V) Vv 4
(Araliaceae) & soaks
Trachymene clivicola 7 (24) 0.49 Residuals (scree slopes) 129226) 129000 (10) | Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Araliaceae) eligible
CalocephalugLake 15 (50) 40.00 | GAB scalds 1945 (150) 750000 (23) | Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
Huffer) (Asteraceae) eligible
Calocephalusp. (Eulo 29 (89) 2.99 GAB scalds 7000 (3.2) 15000(20) Yes <20% V (B1, B2) NT V (D2) Not eligible | NT (LC) \% 3
M.E.Ballingall MEB2590)
(Asteraceae)
Calotis suffruticosa 21 (100) | 1.25 Mitchell grass downs | 8 (0.001) 8 (1) Yes Unknown | E (B1, B2) E E \% NT (LC) E 6
(Asteraceae)
Epaltes(Bowen Downs) 8 (10) 0.49 GAB scalds 4 (0.001) 500 (3) No <20% E (B1, B2) Not eligible V (D2) Not eligible New species E 3
(Asteraceae)
Ixiochlamys integerrima | 8 (22) 0.50 Limestone (low 212286(120) >100 000 (20)| No <20% Not eligible Not eligible No Not eligible LC (LC) LC 1
(Asteraceae) limestone hills) eligible
Pluchea(Aramac Station) | 8 (10) 0.49 GAB scalds 4 (0.001) 500 (2) No <20% E (B1, B2) E V (D1, Not eligible New species E 3
(Asteraceae) D2)
Rhodanthe rufescens 10 (30) 1.00 Hard mulga 27333 (2730) 5000 (5) Yes <20% Not eligible Not eligible Not Not eligible | NT LC 2
(Asteraceae) eligible
Vittadinia decora 3 (10) 0.29 Sand ridges 0.1 (0.1) 500 (1) No <20% Not eligible Not eligible V (D1, Not eligible | NT NT 7
(Asteraceae) D2)
Isotoma(Elizabeth 94 (375) | 0.94 GAB discharge springs| 0.09 (0.09) 500 (5) No <20% E (B1, B2) E V (D1, \% LC (LC) E 3
Springs) (Campanulaceae D2)
Isotomasp. (Myross 15 (58) 0.15 GAB discharge springs| 27560 (0.0003) 3000(15) No <20% Not eligible Not eligible V (D2) Not eligible LC (LC) Y 4
R.J.Fensham 3883)
(Campanulaceae)
Atriplex fissivalvis 10 (40) 2.00 Stony plains + residual$ 631465 (4000) 4000000 (35) | Yes <20% Not eligible Not eligible Not Not eligible | NT (LC) LC 2
(Chenopodiaceae) eligible
Atriplex lobativalvis 25 (100) | 2.00 Dunefields (claypans) + 236346(1000) 400000000 Yes <20% Not eligible Not eligible Not Not eligible | NT (LC) LC 2
(Chenopodiaceae) floodplains (62) eligible
Maireana cheelii 14 (40) 1.24 Floodplains 450 (45) 150000 (10) | Yes <20% Not eligible Not eligible Not Not eligible LC V) LC 1
(Chenopodiaceae) eligible
Maireana lanosa 25 (50) 20.00 | Dunefields 87340400) 5000000 (11) | No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Chenopodiaceae) eligible
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Species (Family) SE SE Broad habitat (sub- Extent of occurrence (area of Population Extreme 1/A. 2/B. 3/C. Total 4/D. Total | 5/E. NCA Status Assessment | Catgory
hours (km?) | habitat) occupancy) (knf) size fluctuations? | Decline Geographic | number low number Extinction (EPBC status) | (2013)
(sites) (number of in distribution AND decline | low or probability (2010)
populations) numbers predicted very
restricted
range
Osteocarpum pentapterum 5 (25) 0.50 Stony plains 217300 (15000) 200000000 Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Chenopodiaceae) (15) eligible
Sclerolaena walkeri 40 (100) | 12.00| Floodplains 27136£2000) 24015000 (35) Yes <20% Not eligible Not eligible Not Not eligible | V (V) LC 2
(Chenopodiaceae) eligible
Austrobryonia argillicola | 40 (130) | 3.00 Mitchell grass downs 159830 (4700) 00DDO (18) | Yes <20% Not eligible Not eligible Not Not eligible | E (E) LC 2
(Curcurbitaceae) eligible
Fimbristylissp. (Elizabeth | 75 (300) | 0.75 GAB discharge springs| 206500875) 3000(33) No <20% Not eligible Not eligible V (D2) Not eligible LC (LC) Vv 4
Sps. R.J.Fensham 3743)
(Cyperaceae)
Eriocaulon aloefolium 50 (200) | 0.50 GAB discharge springs| 0.2 (0.05) 2588 (1) No Y, CE E V (D2) \Y, E (CE) E 3
(Eriocaulaceae)
Eriocaulon carsonii 250 2.50 GAB discharge springs 1150919 212000 (90) No Y E (B2) Not eligible V (D2) Not eligible | E (E) E 3
(Eriocaulaceae) (1000)
Eriocaulon giganticum 50 (200) | 0.50 GAB discharge springs| 0.001 (0.001) 263 (1) No Y CE E V (D2) Y E (CE) E 3
(Eriocaulaceae)
Euphorbia 45 (125) | 9.56 Residuals (barren 899334(200) 440000 (46) No <20% Not eligible Not eligible Not Not eligible | V (V) LC 2
sarcostemmoides plateaux) eligible
(Euphorbiaceae)
Ricinocarpos crispatus 27 (23) 3.73 Residuals (gorges; 2440 (20) 429500 (20) No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Euphorbiaceae) creeklines) eligible
Indigofera haematica 7 (25) 0.99 Residuals (barren 93567(102) 183600(9) No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Fabaceae) plateaux) eligible
Indigofera oxyrachis 20 (33) 2.39 Residuals (gidgee 6871 (31) 50000(8) No <20% Not eligible Not eligible NT (D2) Not eligible | V (LC) Y 6
(Fabaceae) toeslopes, mesas)
Swainsona similis 8 (26) 0.50 Mulga ?? (?7?) ?? Unknown Unknown  ?? elgible ?? Not eligible LC (LC) DD 7
(Fabaceae)
Goodenia angustifolia 6 (30) 0.53 Stony plains 160250 (10000) 198000 (11)Yes <20% Not eligible Not eligible Not Not eligible | NT (LC) LC 2
(Goodeniaceae) eligible
Goodenia atriplexifolia 41 (103) | 2.02 Residuals (barren 56130(202) 2520 000 (30)| No <20% Not eligible Not eligible tNo Not eligible LC (LC) LC 1
(Goodeniaceae) plateaux) eligible
Myriophyllum artesium 175 1.75 GAB discharge springs 57880 100000 (90) No <20% Not eligible Not eligible | V (D2) Not eligible | E (LC) Y 4
(Haloragaceae) (700)
Caesia chlorantha 36 (150) | 2.00 Mitchell grass downs 536066(0) 27500000 (16) Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Johnsoniaceae) eligible
Utricularia ameliae 15(58) | 0.15 GAB discharge springs| 0.09 (0.025) 500 (1) No <20% E (B1, B2) E V (D1, \% LC (LC) E 3
(Lentibulariaceae) D2)
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Species (Family) SE SE Broad habitat (sub- Extent of occurrence (area of Population Extreme 1/A. 2/B. 3/C. Total 4/D. Total | 5/E. NCA Status Assessment | Catgory
hours (km?) | habitat) occupancy) (knf) size fluctuations? | Decline Geographic | number low number Extinction (EPBC status) | (2013)
(sites) (number of in distribution AND decline | low or probability (2010)
populations) numbers predicted very
restricted
range
Utricularia fenshamii 250 2.50 GAB discharge springs 920964) 5000(>60) No <20% Not eligible Not eligible V (D2) Not eligible LC (LC) Y 4
(Lentibulariaceae) (1000)
Sida argentegMalvaceae) | 10 (40) 1.20 Riparian 1560@88) 5000 (8) No <20% Not eligible Not eligible V (D2) Not eligible LC (LC) Y 5
Sida asterocalyx 18 (44) 1.72 Residuals (barren 30284(180) 1017000 (25) | No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Malvaceae) plateaux) eligible
Acacia ammophila 6 (20) 100.0 | Dunefields; gidgee 5970 (320) 17500 (3) No NT V (B1, B2) NT NT (D2) Not eligible | V (V) Vv 5
(Mimosaceae) 0 woodlands
Acacia crombiei 10 (40) 4.00 Wooded downs + basalt 34000 (1000) 20000(15) No NT V (B2) Not eligible Not Not eligible | V (V) Vv 5
(Mimosaceae) eligible
Acacia peuce 3(3) 40.00 | Plains 7435@00) 76000 (3) No <20% Not eligible Not eligible | V (D2) Not eligible | V (V) Y 6
(Mimosaceae)
Acacia philoxera 3 (10) 0.60 Residuals 5(0.6) 4400 (4) No <20% Not eligible Not eligible V (D1, Not eligible New species Vv 6
(Mimosaceae) D2)
Acaciasp. (aff. cana) 15 (40) 2.00 Residuals (creeklines; | 20000 (400) 1600000 (40) | No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Mimosaceae) gorges) eligible
Acaciasp. (Ambathala 10 (30) 0.50 Residuals (creeklines; | 3980 (10) 10000(15) No <20% Not eligible Not eligible V (D2) Not eligible LC (LC) Y 6
C.Sandercoe 624) gorges)
(Mimosaceae)
Acaciasp. (Fermoy Road | 28 (77) 3.33 Residuals (barren 46700(250) 700000 (30) No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
I.V.Newman 487) plateaux) eligible
(Mimosaceae)
Glinus orygioides 13 (50) 2.00 Dunefields (claypans) 4+ 584600(700) 65000000 (25) Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Molluginaceae) floodplains eligible
Eremophila arbuscula 15 (40) 5.00 Residuals (gorges; 63900(450) 9000000 (55) | No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Myoporaceae) bendee slopes) eligible
Eremophilasp. (Eromanga| 2 (10) 0.25 Residuals (creeklines; | 33 (1) <1000 (5) No <20% Not eligible Not eligible V (D2) Not eligible New species Vv 6
E.R. Anderson 5069) gorges)
(Myoporaceae)
Eremophilasp. (Opalton 5 (10) 5.00 Residuals (barren 220 (50) 170000(8) No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
V.J. Neldner+2619) plateaux) eligible
(Myoporaceae)
Eremophila stenophylla | 7 (20) 9.80 Residuals (gidgee 54800(500) 41500 (20) No <20% V (B2) Not eligible Not Not eligible LC (LC) Y 5
(Myoporaceae) toeslopes) eligible
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Species (Family) SE SE Broad habitat (sub- Extent of occurrence (area of Population Extreme 1/A. 2/B. 3/C. Total 4/D. Total | 5/E. NCA Status Assessment | Catgory
hours (km?) | habitat) occupancy) (knf) size fluctuations? | Decline Geographic | number low number Extinction (EPBC status) | (2013)
(sites) (number of in distribution AND decline | low or probability (2010)
populations) numbers predicted very
restricted
range

Eremophila tetraptera 50 (20) 10.00 | Downs; residuals 8500 (400) 600000 (20) No <20% Not eligible Not eligible Not Not eligible | V (LC) Y 6
(Myoporaceae) (gypseous soils) eligible
Kunzea(Forster 35406) 4 (8) 0.20 Residuals (creekline) | 0.01 (0.006) 32 (1) No <20% Not eligible Not eligible E \% LC (LC) E 6
(Myrtaceae)
Melaleuca kunzeoides 10 (50) 1.00 Residuals (Tertiary 4.7 (0.02) 617 (6) No <20% Not eligible Not eligible V (D1, Not eligible | V (V) \Y 6
(Myrtaceae) springs) D2)
Melaleucasp. (Mt Marlow | O (0) 0.00 Residuals (gidgee 2(2) ?500 (1) No <20% Not eligible Not eligible V (D2) Not eligible LC (LC) Y 6
M.E. Ballingall MEB2737) toeslopes)
(Myrtaceae)
Thryptomene hexandra 20 (200) | 20.00| Residuals 443000 (5000) 25000000( No <20% Not eligible Not eligible Not Not eligible | NT (LC) LC 2
(Myrtaceae) (>100) eligible
Nymphaea georginae 1.5(5) 1.00 Wetlands (waterholes) 5311I%) 30000 (30) No <20% Not eligible Not eligible | ?NT (D2) | Not eligible LC (LC) DD 7
(Nymphaeaceae)
Phyllanthus involutus 12 (40) 1.90 Hard mulga + residualg 11000 (1500) 8000000 (15) | Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Phyllanthaceae) eligible
Sauropus ramosissimus | 45 (145) | 3.30 Residuals (barren 1748980(500) >100000 (35) | No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Phyllanthaceae) plateaux; gorges; eligible

boulder-fields)
Austrochloris 20 (80) 3.00 Mulga 404140 (5000) 11000000 (2Y)es <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
dichanthioidegPoaceae) eligible
Austrostipa blakei 6 (25) 0.30 Sandy red earths & light 6700 (5) 1500 (3) Unknown <20% Not eligible Not eligible NT (D1, Not eligible LC (LC) DD 7
(Poaceae) clays D2)
Chloris sp. (Edgbaston 17 (20) 0.89 GAB scalds 0.3(0.1) 400 (2) No <20% E (B1, B2) E V (D1, \% LC (LC) E 3
R.J.Fensham 5694) D2)
(Poaceae)
Digitaria hubbardii 12 (65) 0.50 Mulga 25500(6500) 75000000 (35) Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Poaceae) eligible
Eragrostis fenshamii 59 (235) | 2.35 GAB discharge springs| 34100 (0.2) 4950(40) No <20% V (B1, B2) \% V (D2) Not eligible LC (LC) Y 4
(Poaceae)
Iseilema calvunfPoaceae) | 32 (127) | 2.40 Mitchell grass downs, | 119400(1000) 5300000 (13) | Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1

depressions eligible
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Species (Family) SE SE Broad habitat (sub- Extent of occurrence (area of Population Extreme 1/A. 2/B. 3/C. Total 4/D. Total | 5/E. NCA Status Assessment | Catgory
hours (km?) | habitat) occupancy) (knf) size fluctuations? | Decline Geographic | number low number Extinction (EPBC status) | (2013)
(sites) (number of in distribution AND decline | low or probability (2010)
populations) numbers predicted very

restricted

range
Spathia neuroséPoaceae)| 15 (58) 0.54 Mitchell grass downs 791362000) 300 (6) Yes <20% Not eligible Not eligible Not Not eligible LC (LC) DD 7

eligible
Sporobolus pamelae 94 (375) | 3.75 GAB discharge springs 38060 (0.52) 10200( No <20% Not eligible Not eligible V (D2) Not eligible | E (LC) Y 4
(Poaceae)
Sporobolus partimpatens | 250 5.00 GAB scalds 54730B00) 1200000 (37) | No <20% Not eligible Not eligible Not Not eligible | NT (LC) LC 2
(Poaceae) (1000) eligible
Urochloa atrisola 22 (81) 1.00 Mitchell grass downs 517@s00) 700000000 Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Poaceae) (29) eligible
Calandriniasp. (Lumeah | 39 (97) 6.43 Residuals (barren 61240(500) 800 000 000 | Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
R.W.Purdie 2168) plateaux) (66) eligible
(Portulacaceae)
Grevillea kennedyana 8 (15) 1.50 Residuals (mesa slopes)1460 (12) >13000(12) No <20% Not eligible Not eligible V (D2) Not eligible | V (V) Y 6
(Proteaceae)
Hakea maconochieana 35 (73) 2.95 Residuals (barren 16150 (45) 52000 (13) No <20% V (B1, B2) Not eligible Not Not eligible | V (LC) Vv 6
(Proteaceae) plateaux) eligible
Hakea(Gowan Range) 12 (50) 0.50 Residuals 50 (0.1) 36 (2) No <20% Not eligible | V V (D2) Not eligible New species Y 6
(Proteaceae)
Oldenlandia spathulata 9 (33) 0.34 Mitchell grass downs | 200 (40) 1459000(6) Yes <20% Not eligible Not eligible Not Not eligible | E (LC) LC 2
(Rubiaceae) eligible
Dodonaea intricata 15 (32) 1.55 Residuals (barren 1165 (13) 92000(9) No <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Sapindaceae) plateaux) eligible
Elacholoma hornii 10 (40) 0.50 Wetlands 2083000 (5000) >1000000 | Yes <20% Not eligible Not eligible Not Not eligible | NT (LC) LC 1
(Scrophulariaceae) (40) eligible
Peplidiumsp. (Edgbaston | 94 (375) | 3.75 GAB discharge springs| 5.3 (0.12) 2400(24) No <20% E (B1, B2) E V (D2) Not eligible LC (LC) E 3
R.J.Fensham 3341)
(Scrophulariaceae)
Solanum pisinnum 15 (30) 0.30 Mulga 3200 (100) >500000(8) Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Solanaceae) eligible
Solanum unispinum 0 (0) 0.00 Residuals 8140 (5) 35 (5) No <20% Not eligible Not eligible V (D2) Not eligible New species Y 6
(Solanaceae)
Solanum versicolor 10 (50) 0.50 Soft mulga 8460 (550) 10000000 (11) Yes <20% Not eligible Not eligible Not Not eligible LC (LC) LC 1
(Solanaceae) eligible
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Appendix 6-3. Example species nomination form

Species nomination form and guidelines for adding or changing the category of a nagispecies listing
under the Queensland Nature Conservation Act 1992 (NCA); example forfor Sclerolaena walkeri. Forms
have been submitted to the Threatened Species Committee for ghesies where a change of status is
recommended based on survey data.

General notes

The purpose of this document is to nominate a species for assessment under the NCA by the Department of Environment
and Resource Management Species Technical Committee (STC) for its consideration and subsequent advice to the Minister
for Climate Change and Sustainability.

Please use one nomination form for each species. The form may be submitted electronically, however the original, signed,
hard copy must also be lodged. Lodgement instructions are provided at the end of the form. The STC will not consider
nominations submitted in any other format.

Each section of the form needs to be completed with as much detail as possible, and indicate when there is no information
available. Identify your references/ information sources, document reasons and supportive data. Indicate the quality of
facts/information, for example was it based on research or anecdotal data; on observed data or estimated or inferred from
data; or suspected to be the case. Identify confidential material and explain the sensitivity

The STC will not consider incomplete nominations or nominations with insufficient information. Your nomination will be
returned to you if inadequate information is provided.

Your nomination must be supported with referenced summaries of relevant information from the scientific literature. Full
bibliographic details are to be provided. The opinion of appropriate scientific experts may also be cited, provided they
authorise you to do so. The names of the expert(s), their qualifications and full contact details must also be provided if they
are cited.

The STC assesses nominations against the IUCN Red List Categories and Criteria (version 3.1) for the categories of extinct
in the wild, endangered, vulnerable, near threatened and least concern. The IUCN updates its red list guidelines regularly
and the STC uses the most recent version (version 8.0). This form will be updated in accord with revisions of IUCN criteria, if
necessary. A full description of the IUCN categories and criteria can be found in: IUCN 2001. IUCN Red List Categories:
Version 3.1. Prepared by the IUCN Species Survival Commission. IUCN, Gland, Switzerland and Cambridge, UK.
http://www.iucnredlist.org/documents/redlist_cats crit en.pdf http://www.iucnredlist.org/documents/RedListGuidelines.pdf .

* Species - applies to the entity nominated under the Nature Conservation Act
- Population — refers to populations within a species or total population numbers for a species.

Section 1. Summary

1.1 Scientific and common name of species (or subspecies)

Sclerolaena walkeri (C.T.White) A.J.Scott

1.2 If the species is not conventionally accepted, please provide:

* a taxonomic description of the species in a form suitable for publication in conventional scientific literature. State
where this description has been submitted for publication; or

« evidence that a scientific institution has a specimen of the species and a written statement signed by a person who
is a taxonomist with relevant expertise (has worked, or is a published author, on the class of species nominated) that
the species is new. Details of the qualifications and experience of the taxon expert need to be provided. For a
specimen lodged at a museum or herbarium, state where the specimen is held, the collector name, collection date
and collection/voucher number.

Accepted.

1.3 If a population is being nominated, justify why the population should be considered separately from the species as
a whole. This will generally require evidence why the nominated population is considered genetically distinct and/or
geographically separate and/or severely threatened in comparison with all other populations of the species.

1.4 Please provide a description of the species or population that is sufficient to distinguish it from other species or
populations.

Growth habit: short-lived perennial forb to 30cm high

Leaves: slender, fleshy and sparsely woolly when young, becoming glabrous with maturity

Flowers: tiny, borne singly in the leaf axils, sparsely cottony with five stamens

Fruiting bodies: very distinctive, with numerous small ‘spines’ emerging from a pumpkin-shaped, conspicuously-ribbed
perianth. Each fruit is about 1.5mm high by 2.5mm wide (excluding spines), with the upper third narrowed into a disc-
like apex, from which the spines emerge
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Does not closely resemble any other species of Sclerolaena (or any other species in the Chenopod family). Full
description provided in Wilson (1984) and Department of Environment and Water Resources (2007).

1.5 Current conservation status under Nature Conservation Act 1992 and the EPBC Act

NCA: Vulnerable EPBC: Vulnerable

1.6 Proposed conservation status under the Nature Conservation Act 1992 and the EPBC Act

NCA: Least Concern EPBC: Least Concern

1.7 IUCN Criteria under which the species is eligible for listing. The species should be judged against the criteria
described in Attachment B: Categories and criteria used for assessing the status of species. The categories for extinct
in the wild, endangered, vulnerable and near threatened use the most recent version of IUCN criteria.

None.

Section 2. Species ecology/biology

2.1 Is this species conventionally accepted? If not, explain why. Is there any controversy on the taxonomy?

Accepted.

2.2 Give a brief description of the species’: appearance, including size and/or weight, and sex and age variation if
appropriate; social structure and dispersion (e.g. solitary/clumped/flocks)

Short-lived perennial forb to 30cm high; blue-green foliage, densely woolly when young; plants fruit when young and
single-stemmed and all plants tend to be laden with small pumpkin-shaped fruits with a crown of tiny non-spiny
appendages.

2.3 Describe the species’ habitat (e.g. aspect, topography, substrate, climate, forest type, associated species,
sympatric species).

Seasonally-inundated floodplains and inter-channel areas, usually in open gidgee/yapunyah woodlands on grey
cracking clay on the Paroo and Bulloo Rivers. Seems to prefer slight drainage depressions within this habitat, such as
bluebush swamp, tabledrains, tracks etc, and slightly scalded bare areas. Commonly co-occurring species include
Atriplex spongiosa, Eragrostis australasica, Paspalidium jubiflorum, Panicum laevinode, Eragrostis parviflora, Minuria
integgerima, Alternanthera nodiflora, Streptoglossa adscendens, Sporobolus mitchellii and other Sclerolaena species.
Also occasional in open herbfields with scattered Mitchell grass on Bulloo floodplain. At one site between
Thargomindah and Toompine it was abundant on the slope above a creek channel.

On Eyre Creek floodplain, it grows on deeply-cracking grey clay in sparse Chenopodium auricomum/Acacia
stenophylla.Muehlenbeckia florulenta shrubland amongst annual flood herbage (including Ipomoea lonchophylla,
Echinochloa colona, Sesbania cannabina). On the Diamantina floodplain, it was found in open Eremophila
bignoniflora/Chenopodium auricomum low shrubland on brown cracking clay and an open alluvial plain between the
Diamantina River and Lake Billyer. The Cooper population was found on cracking clay herbfield east of Windorah.
Lake Mueller north of Aramac is an ephemeral lake, supporting open shrubland dominated by Eremophila
bignoniflora.

2.4 What is the species’ generation length?
Note: Generation length is the average age of parents of the current cohort (i.e. newborn individuals in the population).

Short-lived, but can function as a perennial (perhaps up to 3 years) in good seasons.

2.5 Is there any other information regarding the species ecology or biology relevant to a conservation status
assessment?

No.

Section 3. Conservation status

3.1 Describe the species’ distribution in Australia and attach a map of known localities. Please include details of which
Natural Resource Management and IBRA Bioregions the species occurs in.

South-western Queensland and northern New South Wales. Between 2006 and 2010, it was common on the Paroo River
from south of Eulo to just south of the NSW border and the Bulloo River from Toompine to Bulloo Downs, with two records
from the Diamantina floodplain (Brighton Downs and Diamantina NP, both south of L.G. Walker’s original 1941 record from
near the junction of the Diamantina and Mackunda Creek) and isolated records on Eyre Creek south of Bedourie, the
Cooper floodplain north-east of Windorah and Lake Mueller north of Aramac. Many other locations along these floodplains
were searched and the species not found. Searching in similar habitat on the Warrego and Culgoa floodplains to the east did
not find the species. The Paroo and most of the Bulloo records are in the Mulga Lands IBRA and South West NRM regions;
the Bulloo records south of Thargomindah, the Cooper, Eyre Creek and Diamantina records are in the Channel Country
IBRA and Desert Channels NRM region, and the Lake Mueller record is in the Desert Uplands IBRA and Desert Channels
NRM regions. Attached map also shows unsuccessful search effort.

3.2 What is the species’ total extent of occurrence (in km?) (see Attachment A)

Extent of occurrence is 271 360 km®.

3.3 What is the species’ total area of occupancy (in km?) (see Attachment A)

The area of occupancy is at least 2000 km®.

3.4 What is the species’ total population size in terms of number of mature individuals?

Total population size fluctuates with prevailing seasonal conditions, so any estimate represents a snapshot in time (as
discussed below in section 3.7). The estimates below relate to abundance/population size in 2007, when the species was
abundant across large areas of the Bulloo and Paroo floodplains. It ranged from dominant (e.g. along old powerline between
Eulo and Hungerford) to scattered/rare at individual sites. A total of 180 000 plants were found on the Paroo from April to
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September 2007, including >150 000 plants across about 10ha in a bluebush swamp near Caiwarra Waterhole on
Currawinya National Park. Total area of habitat (Farnham Plains to Talyealye) = 600 km?; total area searched = 6 km? (1%
of potential habitat). So total population is estimated at 18 million plants. 20 000 were found on the Bulloo over this same
period. Total area of habitat from Bulloo Downs to Toompine) = 1500 km?; 5 km? searched (0.33% of potential habitat). So
total population estimated at 6 million plants. These figures are obviously very rough, but serves to illustrate that there were
tens of millions of individuals on these two floodplains in 2007.

The populations recorded on Eyre Creek (500 plants), the Diamantina (200 + 100 plants), Cooper (10 plants) and Lake
Mueller (10 000 plants) are very isolated and searching in areas of similar habitat nearby did not find any further populations.
Thus total population estimates are not extrapolated from this data, despite the fact that only a tiny fraction of huge
expanses of potential habitat along these river systems was searched and it is highly likely that there are numerous other
populations.

3.5 How many locations do you consider the species occurs in and why? Where are these located?
Note: The term 'location' defines a geographically or ecologically distinct area.

The species was recorded at 34 sites: 12 on Paroo River, 17 on Bulloo, two on the Diamantina and one each on Eyre Creek,
Cooper Creek and Lake Mueller. Each site was separated from other sites by at least 1 km, but all are probably part of the
same populations given they occur on floodplains and seed is transported by floodwaters.

3.6 For flora, and where applicable, for fauna, detail the location, land tenure, survey date, estimated number of individuals
and area of occupancy. This is optional for taxa nominated as near threatened or least concern. Summary distribution
information such as a map and list of localities should be provided for taxa nominated as near threatened or least concern.

In the table below, where a site has been visited multiple times, abundance and area of occupancy are summarised for each
visit, demonstrating the temporal dynamics of the species.

Location Land tenure Date of most Number of individuals at location and area of
recent occupancy
survey
Near Manda Page’s alluvial National Park Abundant from March to August 2007 (average 2
site on old stock route off plants/m2 over at least 0.5km2/500000m2 =1 000 000
northern boundary, Currawinya plants), but rare at site in four visits between March 2008
National Park 01/10/2013 | and October 2013
Eulo Town Common, Town common Locally common (>1000 plants over 0.01km2 in April2007;
approximately 1.8km west of (grazed) has been scattered or absent during five visits between
town on Thargo road 02/10/2013 | 2008 and 2013
National Park Scattered along 60m walked, about 50m from waterhole;
Ourimperee Waterhole, about 30 plants seen in April 2011; absent in December
Currawinya National Park 2/12/2012 | 2012
Near Corni Paroo Waterhole National Park
campground sign, Currawinya Scattered plants in from April 2007-February 2011 (about
National Park 24/10/2012 | 50 seen at site); absent in October 2012
Leasehold Scattered throughout woodland, but forms dominant
grazing groundcover over a wide area to east of the road

(particularly where trees cleared for old powerline); >10
000 plants in population; absent during three visits from

Tarko, Hungerford-Eulo road 1/10/2013 | April 2011 to October 2013
Leasehold Scattered (7 plants seen in 800m2) in April 2007; absent
Eulo - Hungerford rd, approx grazing at site when visited in May 2010, September 2011 and
500m from Springvale turnoff 1/10/2013 | October 2013
National Park Abundant across bluebush swamp - estimated 200 000-

300 000 plants present between 2006 and December

Caiwarro Waterhole, 2010; has been scattered at low densities at site since this

Currawinya National Park 2/10/2013 | time

3 Mile Crossing (Carwarra National Park

Creek), Hungerford-Eulo road Average density 180 plants/m2, >20 000 plants in

north of Currawinya population in July 2007; has been scattered or absent

homestead 1/10/2013 | from the site in seven visits between 2008 and 2013

6 Mile crosing, southern National Park

boundary of CNP, off Average density 27 plants/100m2, totalling >2000 plantsin

Hungerford-Thargomindah July 2007; has been rare or absent from the site during

Road 4/12/2012 | four visits between March 2008 and December 2012)

Talyalyeae, south of Leasehold

Hungerford; western side of grazing

Paroo River 5/07/2007 | Locally common - at least 1000 plants over 0.01km2

Paroo River floodplain, about National Park

5km north of Hungerford, Rare — two plants seen around perimeter of claypan; only

Currawinya NP 1/04/2011 | ones seen in 1 hour walking
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Farnham Plains, mud spring

Leasehold

Patchily abundant, mostly on bare areas; >2000 plants in

area near southern boundary grazing 22/10/2012 | 0.01km2 area at site
Picarilli; beside main Leasehold
Thargomindah-Bulloo Downs grazing Locally common - 500 plants over 200m x 20m area -
road 05/06/2009 | stops abruptly on harder-setting scald
Bulloo River road, approx 3.5 Leas_ehold
km SE of Kiandra Homestead grazing 9/06/2013 | Scattered in tabledrain - 100 plants over 0.005km2
;I'or\;v;e((:j())mmon Scattered as single plants - 3 found; none found in
South of Thargomindah g 9/06/2013 | October 2011 or June 2013
Town common Common on roadside + scattered throughout woodland;
(grazed) 500 plants counted over 0.01km in September 2007; 50 in
South of Thargomindah 9/06/2013 | October 2011; 250 in June 2013
Bullo Downs Road, south of Lea;ehold Scattered - 50 plants in 2000m2 in September 2007; 12 in
Thargomindah grazing 9/06/2013 | October 2011
Leasehold Scattered; commonly associated with yapunyah trees and
grazing log patches; 400 plants seen in September 2007 and June
Bullo Downs Road, south of 2009 in 1000m2; 20 and 30 in October 2011 and June
Thargomindah 1/10/2011 | 2013 respectively
Town common Scattered to abundant - >100 000 plants over 2km2
Thargomindah Town Common, | (grazed) surveyed in September 2007; has remained scattered to
just east of town 9/06/2013 | patchily abundant since this time
Leasehold Common but patchy throughout swampy area, mostly
grazing occurring in patches of small/young plants in September
Thargomindah-Toompine River 2007; absent in October 2011; patchily abundant
Road 9/06/2013 | seedlings in June 2013
Thargomindah-Toompine River Lea;ehold
Road grazing 11/09/2007 | Only occasional walkeri in 2007 and 2011
Bulloo River rd approx 8.2 km Lea;ehold Locally common in April 2007 - 200 seen in 400m2; still
NNW Autumn Vale HS grazing 9/06/2013 | scattered in October 2011 and June 2013 (50/400m2)
Leasehold Dominant or co-dominant over quite a large area,
grazing including downstream side of crossing and bare areas
leading down to channel - >10 000 plants over 0.02km2 in
Thargomindah-Toompine River September 2007; only scattered plants in June 2013 (35
Road 9/06/2013 | seen in 2400m2)
. . : Leasehold :
Thargomindah-Toompine River : Scattered - average density of 5 plants/100m2 over
Road grazing 2/10/2011 | 0.01km2; only one live plant seen at site in October 2011
Thargomindah-Toompine River Leas_ehold Common (200 plants/800m2 in Sept 2007); scattered (9
Road grazing 2/10/2011 | plants found in 1000m2) in October 2011
Leasehold Locally very common - 1000 plants seen in 0.01km2 in
Bulloo River rd approx 6 km grazing April 2007; occasional plants only in October 2011 and
NE of Karwalke HS 9/06/2013 | June 2013
. . : Leasehold ; :
Thargomindah-Toompine River . Locally very common - 1000 plants seen in 0.01km2 in
Road grazing 2/10/2011 | Sept 2007; scattered (total of 40 plants seen) in Oct 2011
Thargomindah-Toompine River Lea;ehold Scattered - average density of 5 plants/100m2 over
Road grazing 2/10/2011 | 0.01km2; none seen in October 2011
Leasehold Common at point; mostly scattered throughout swamp in
Thargomindah-Toompine River | grazing Sept 2007 (average density 30 plants/m2; 200 plants
Road 2/10/2011 | total); none seen in Oct 2011
Private . Abundant - mass regeneration with 6 inches of rainwfall 5
conservation .
(Bush Heritage weeks ago; 130 plants along 50m transect - would be_
Northern end of Lake Mueller, Australia) >5000 of plants over lake, but patchy; has fluctuated in
Edgbaston 11/04/2012 | abundance since first observed in 2009
Cluny, about 2km south of Leasehold
Glengyle homestead along grazing Abundant over small area (100 plants) but uncommon (12
Eyre Creek 06/04/2008 | plants found in 15 minutes searching) in July 2010
Diamantina National Park, National Park
about 1km south of homestead 16/05/2009 | Locally common over small area - 200 plants in 0,005km2
Lake Billyer area, Brighton Leas_ehold Scattered over small area; not found in other areas
Downs grazing 22/04/2009 | searched
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Leasehold

Coniston, Hammond Downs .
grazing

road 15/07/2010 | Uncommon - only 10 plants seen; not found elsewhere

3.7 Is the species’ distribution severely fragmented? If so, what is the cause of this fragmentation?

Note: Severely fragmented refers to the situation in which increased extinction risk to the taxon results from most individuals being found in small and
relatively isolated populations (in certain circumstances this may be inferred from habitat information). These small populations may go extinct, with a reduced
probability of recolonisation

No — occurs on floodplains and fruiting bodies float so are transported by floodwaters, in effect connecting populations
occurring across the same river system.

3.8 Does the species undergo extreme natural fluctuations in population numbers, extent of occurrence or area of occupancy?
To what extent and why?

Note: Extreme fluctuations can be said to occur in a number of taxa when population size or distribution area varies widely,
rapidly and frequently, typically with a variation greater than one order of magnitude (i.e. a tenfold increase or decrease).

Sclerolaena walkeri undergoes extreme natural fluctuations in response to rainfall and flooding, as documented in the table in
section 3.6 above. The species was first collected on the Diamantina River in 1941, and was collected on the Bulloo River in
1964. In the mid-1990s, it was grown from a soil seedbank sample by Manda Page on Currawinya National Park, but was not
recorded in the standing vegetation at this site between 1992 and 1997.

From October 2006 to December 2008 (when all sites went under water in a flood event), Sclerolaena walkeri was abundant
across large areas of the Paroo floodplain, including at this site. Inundation killed all existing plants in December 2008, but
seedlings germinated at most sites, however in very low densities compared to pre-flooding. Through 2009, it persisted at low
densities at all Paroo sites, and was only abundant at Caiwarro bluebush swamp on Currawinya, where there had been two
major germination events. Sites were revisited again in February 2011, and the species was scattered in low densities at most
sites but still quite common at Caiwarro, and by September 2011 was in low densities and almost unrecognizable at Caiwarro
swamp. From October to December 2012, only one plant was found across six Paroo River sites revisited, and no plants found
in an hour searching at Caiwarro swamp. In October 2013, it was again scattered in very low densities at most sites, including
Caiwarro.

Sclerolaena walkeri was abundant on the Bulloo floodplain between Toompine and Thargomindah in 2007-2008. By October
2011, its abundance and vigour were drastically reduced at all sites, although it was still present at 15 of 21 sites revisited.
However, only at three was it sufficienty common and recognizable to have been detected by a botanist who was not
specifically searching for the species (most plants were dead stems with fruits lying on the ground). In June 2013, it was
abundant at sites near Thargomindah but rare or absent at sites further north where there had not been late autumn/early
winter rainfall.

Ongoing monitoring will provide further information on the population dynamics of this enigmatic burr. However, its apparent
rarity until 2006 is probably due to a combination of its ‘boom-bust’ life history and low collection effort, which mean that the
chances of a collector’s visit coinciding with a rare boom event are low (Silcock et al. 2011).

3.9 What data are there to indicate past trends in the species’ population size, distribution, extent or quality of habitat? (if
available, include data that indicates the percentage decline over the past 10 years or 3 generations whichever is longer)?

There is no data to indicate declines or changes in the species’ population size, distribution, extent or quality of habitat in
Queensland.

3.10 What data are there to indicate future changes in the species’ population size, distribution, extent or quality of habitat? (if
available, include data that indicates the percentage decline over 10 years or 3 generations whichever is longer (up to a
maximum of 100 years in the future) where the time period is a continuous period that may include a component of the past?

There is no indication of future long-term changes in these parameters, despite natural fluctuations discussed in Section 3.8.

3.11 Has the species been reasonably well surveyed? Is the species’ current known distribution and/or population size likely to
be its actual distribution and/or population size?

The species has been well surveyed between 2007 and 2010; the current known distribution is thus likely to be its actual
distribution, although population size will fluctuate substantially as discussed above. The floodplains of the Paroo/Cuttaburra
systems were not searched during good seasons/after flooding, and it is possible that the species’ distribution extends further
into NSW.

3.12 For species considered eligible for listing as extinct or extinct in the wild, please provide details of the most recent known
collection, or authenticated sighting of the species in the wild and whether additional populations are likely to exist.

4. Threats and threat abatement

4.1 ldentify past, current and future threats indicating whether they are actual or potential. For each threat describe:
a. how and where it impacts on this species
b. what its effect has been so far (indicate whether it is known or suspected; does it only affect certain
populations)
c. what is its expected effect in the future (is the threat only suspected; does it only affect certain populations)
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Sclerolaena walkeri is listed as Vulnerable, as was only known from L.G. Walker’s type collection in the early 1940s,
and a single record from the Bulloo River in 1964. However, surveys have shown it to be abundant across large areas
of floodplain, at least in certain seasons, with no threats to its persistence. It is only grazed in areas with very high total
grazing pressure, and then sparingly, although does appear to be more palatable than other co-occurring Chenopod
species such as Atriplex spongiosa and S. muricata. However, given that plants produce fruits when very young, and
that most populations were completely ungrazed, grazing is not regarded as a threat to Sclerolaena walkeri.

4.2 Where possible, provide information on threats for each occurrence/location. This is optional for taxa nominated as
near threatened or least concern. Summary information should be provided for taxa nominated as near threatened or
least concern.

Not applicable (see section 4.1 above).

4.3 ldentify and explain any additional biological characteristics particular to the species that are threatening to its
survival.

None (see section 4.1 above).

4.4 Give an overview of how threats are being abated/could be abated and other recovery actions underway/proposed.
Identify who is undertaking these activities and how successful the activities have been to date.

Not applicable (see section 4.1 above). However, continued monitoring of the established sites on the Paroo and
Bulloo floodplains (and other populations opportunistically) will shed further light on the dynamics of this mysterious
species which remained unrecorded for almost half a century.

4.5 ldentify key management documentation for the species e.g. recovery plans, conservation plans, threat abatement
plans etc.

Currawinya National Park management plan.

4.6 Are there any management or research recommendations from the documents mentioned in 4.5 or otherwise, that
will assist in the conservation of the species?

No.

Section 5. Compilers, referees and references
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Name(s) Jenny Silcock
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Date 7 January 2014
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Section 7. Lodgement instructions

Completed nominations should be electronically lodged at:
Derm_species_tc@derm.gld.gov.au

The original, signed hard copy of the nomination must be posted to:
Species Technical Committee

C/- The Director

Biodiversity and Ecosystem Sciences

Queensland Herbarium

Department of Environment and Resource Management
Brisbane Botanic Gardens,

Mt. Coot-tha Rd,

TOOWONG, Qld 4066

S. walkeri abundat in disturbed habitats,iuding (a) Thargomindah motocycle jump, (b) graded road verge near
Thargomindah, and (c) old stock route track, Currawinya NP
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Distribution of Sclerolaena walkeri, showing main rivers, towns and alluvial habitat (

shaded light blue).
Green stars show records between 2006 and 2010, red  stars show survey sites where the species was
not found during this period.
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Threatening Processes! for Sclerolaena walkeri

Threatening Process Risk Level? (not applicable, un  known, Ability to Ameliorate? (not applicable,
none, low, medium, high, extreme) unknown, none, low, medium, high,
excellent)
Land clearing (historical pre VMA) Low not applicable
Land clearing (current post VMA), includes Low High
urbanization
Current land management practises (e.g. fire Low Medium
regimes, physical disturbance)
Invasive plants Low Not applicable
Impacts of feral/introduced animals (eg Low Medium
grazing)
Impacts of native animals (vertebrates or Low Medium
invertebrates)
Accidental destruction (e.g. roadworks, Low High
recreation)
Small populations (e.g. demographic, genetic | Low Low
effects)
Climate variation (e.g. drought, flood, climate Low None
change)
Pathogen induced dieback (e.g. Phytophthora | Unknown None
fungal rootrot; Citrus canker)
Deliberate harvesting (commercial, cultural, not applicable Not applicable
hobbyist)
Alteration of hydroecology (e.g. salinity, water | Low None
table)
Mining activities (including quarries) Low High
Footnotes

1 based in part on those proposed by Coates & Atkins (2001).

2 definitions for Risk Level

not applicable: doesn't apply to this species

unknown: we have no idea based on current data/knowledge

none: there is good data/knowledge on the species and this threatening process does not apply

low: the threatening process is likely to impact on less than 10% of populations and genetic variation

medium: the threatening process is likely to impact on between 10 and 50% of populations and genetic variation

high: the threatening process is likely to impact on between 50 and 90% of populations and genetic variation

extreme: the threatening process is likely to impact on 100% of populations and genetic variation leading to in situ extinction

3 definitions for Ability to Ameliorate, i.e. through human intervention viz. government policies, land tenure security, community participation
not applicable: doesn't apply to this species

unknown: we have no idea based on current data/knowledge

none: we can't do anything that will enable conservation of the species in situ

low: it is possible to conserve in situ less than 10% of populations and genetic variation

medium: it is possible to conserve in situ between 10 and 50% of populations and genetic variation

high: it is possible to conserve in situ between 50 and 90% of populations and genetic variation

excellent: it is possible to conserve in situ 100% of populations and genetic variation
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Appendix 6-4. Example of species profileThese were compiled for all candidate
species and are available on the Queensland Herbarium server.

Maireanalanosa (Lindl.) Paul G. Wilson (woolly bluebush) [CHENOPODACEAE]

Maireana lanosaon low dune north-west of Ethabuka homestead, north-eastern Simpson
Desert

Description
Growth habit:woolly silvery-blue shrub/sub-shrub 50-80cm high x up to 1m across

Leaveselliptic to narrow-obovate, to 20 mm long, hairy

Flowers: solitary, bisexual

Fruiting body: sparsely hairy; horizontal wing 7—12 mm diam., with a radial slit; 6 erect
appendages alternating with perianth lobes, linear, 3—4 mm long.

Distribution

Widespread but patchy across inland and western Australia, encompassingestern
Queensland, western NSW, South Australia, southern NT and the centehveeststal area
of WA (with scattered historical records around Kalgoorlie). Tdexies has not been
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collected in the past 100 years in NSW and is presumed extinct; taere ecent records in
South Australia and across large parts of WA. Using only specimens collettedast 10
years (= 3 on WA coast, 3 in NT and 5 in QLD), extent of occurrence is 873 400 km

Habitat

Variable across its range, mostly on sandy soils including swales, sasdpkd around
ephemeral lakes. Also collected from saline flats and floodplains in kéADarling
floodplain in NSW and the base of a rocky hill in NT.

In Queensland, the largest recorded population is found on low, rolling dunefields north of
Boulia. It grows on the crests and gentle slopes of open, gragstida holatherd red dunes
with sparséAcacia ligulata, A. ramulosalakea leucoptera Grevillea striataand scattered
Triodia basedowihummocks; diverse scattered shrubs includitiptus obovatus,

Eremophla obovata, Sclerolaena diacantha, Melhatitongifolia, Scaevola parvibarbata,
Rhagodia spinescens, Crotalaria eremaea, Isotropbiseleri

It is scattered on low, undulating dunes and swales supporting lowAcpera georginae

along the upper Mulligan River, and sometimes occurs on limestone hillaioweith sand

with Acacia stowardii There is a small isolated population on the lower slope of a dune near
the Diamantina River, where it is growing wilhiodia basedowii, Aristida holathera, Acacia
ligulata, Acacia murrayana, Crotalaria cunningharaiid a variety of forbs.

Abundance and population estimate

There are only 11 populations known to be extant across its range (i.e. collqmast10
years). However, surveys in Queensland show that the species resnallysdbundant and
is not declining in some areas. A population estimate across its rangessible without
targeted surveys.

In Queensland, five populations were found in 2010 and 2011. At the largest population north
of Boulia, the species was patchily abundant to scattered for about 10 km féldane

mapping of suitable habitat and average population densities suggest 250880 plants in

this population. On the eastern edge of the Simpson Desert, it was scattengl gidgee
woodland on Cravens Peak for about 2km, mostly under trees (estimated 1000 qoianas)
patch of 200 plants was found over a 500m band on a low sandy rise on Ethabuka to the
south. No more populations were found in >200 km walked through dunefields and gidgee in
this area. Similarly, five plants were found on a dune on Monkira, but a furttesr deues

have been searched in this area and no further populations found. Howevevitb\al this
search effort, only 20 khia tiny fraction of the 500 khof dunefields within the species

range) was searched, and total population size in Queensland is prolbahljarger than

these figures indicate.

Demography and threats

Collection record certainly indicates a declining trend acrosarnige. It is apparently highly
palatable, and two of the five records in the Northern Territory hatenost plants were
browsed (one by cattle at Yuendemu, the other by camels at Haasts Bavi§) Albrecht,
pers.comm.). However, the species had not been collected in Queensland ih20eypass
(and not in the Mulligan River area since Vogan in 1889!), and it was found in abaratanc
one site and quite commonly at a further two. It was ungrazed at abwitesyed, and there
were small, slender plants to <30cm tall and a range of size clasiseBaulia population,
indicating healthy levels of recruitment under current management. Thesapmarent rarity
and decline may be due to low collecting effort.

Conservation status
Listed as Presumed Extinct in NSW, Near Threatened in NT. Not listed BR& or in
Queensland. Does not warrant listing in Queensland based on survey resudt&rhow
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targeted surveys in other states (at sites of historical doledn NSW, SA, WA and NT)
are necessary to assess national conservation status.

Notes

M. lanosais close tavl.lobiflora, but differs from that species in having the leaves of the
fruiting branches noticeably smaller than those on the lower padshe erect projections
above the wing of the fruits are always lineaMinlanosa never club-shaped. lobiflora is
a low-growing, sprawling perennial forb. One record from Queensland (Purdie 1979,
Springvale) is from habitat more typical Mt lobiflora and is a small forb to 10cm high —
this specimen should be checked and re-detted if necessary.

References
Cunningham G.M, Mulham WE, Milthorpe PL, Leigh JH (1992) ‘Plants of western New
South Wales’, Inkata Press, Melbourne

Plant NET (New South Wales Flora Online) Maireana lanosa speoide,pavailable at
http://plantnet.rbgsyd.nsw.gov.au/cgi-
bin/NSWfl.pl?page=nswil&lvi=sp&name=Maireana~landaacessed 25 September 2013].

Wilson, Paul G. (1975) A Taxonomic Revision of the geMageana(Chenopodiaceae).
Nuytsia 2(1): 20.

Wilson, P.G. 1984, ‘Chenopodiaceae’, in Flora of Australia, Volume 4: Phytobaeao
Chenopodiaceae, Australian Government Publishing Service, Canberra.
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Appendix 7-1.Rare and threatened fauna species, inland eastern Australi&tatus is based on Woinarski et al. (2014) for mammals, Garnett et al. (2011) for biedPBahtistings for reptiles and fish. Individual
state listings vary and some the Least Concern species in the la@msalntatiatments (Woinarski et al. 2014 and Garnett et al. 2011) remain listed in one statex in inland eastern Australia, and are included in
the table. References as per table with additional input from species recaverygoleach State and Territory, where available online. CE, Cyitieatlangered; E, Endangered; V, Vulnerable; NT, Near Threatened.
Bioregion abbreviations: MUL, Mulga Lands; CHC, Channel Country; MGD, Mitcdelss Downs; NWH, North West Highlands; BB, Brigalow Belt. For threatsnt documented for the species in the study
area; Severe = strong correlative evidence as being major cailesdioé in study area; Moderate = documented as a contributing factor in d8akpected = no correlative evidence but thought to be a factor and

mentioned in recovery plans or literature; Possible = no firm evidence but mentditechture.

Habitat
Distribution at loss/ Feral Other
European Current Broad habitat fragment- | Livestock | herbivore | Inapproriate introduced References/
Species Status settlement distribution preferences Population trend  Cats oxes ation impacts impacts fire regimes species Notes pers.comm.
BIRDS
Amytornis barbatus Floodplain and Very naturally restricted;
barbatus wetlands of Bulloo Suspected cattle grazing considered
(Grey grasswren - River on QLD-NSW No evidence of Lignum and No evidence of Suspected | (rabbits, main threat especially in Garnett et al.
Bulloo) E border change swamp canegrass decline Possible Possible X (cattle) pigs) X X dry years (2011)
Amytornis Four separate
dorotheae occurrences - may Long-unburnt Continuing decline Garnett et al.
(Carpentarian North-west QLD and | once have been a spinifex, mostly in over past three (2011); Perry
grasswren) NT adjacent NT single population rocky areas decades in NT X X X X X Severe Suspected et al. (2011)
Amytornis
modestus Far north-western Uncertain;
obscurior (Thick- NSW - historical A population Low gibber ridge population very
billed grasswren - collections from rediscovered in with scattered smalll but no Suspected | Suspected
north-western Milparinka and 2008 near trees, shrubs and documented (sheep, (goats, Overgrazing considered Garnett et al.
NSW) CE Tibooburra Packsaddle Chenopods decline X Possible X cattle) rabbits) X X main potential threat (2011)
Amytornis striatus Scattered across arid Sandplains More extensive and
striatus (Striated Australia, including domainted by frequent fires considered
grasswren - far western QLD and | No evidence of mature spinifex * Uncertain; possibly major threat; other Garnett et al.
sandplain) NT central NSW change mallees declining Possible Possible X Possible Possible Suspected X threats speculative (2011)
Irruptive dynamics
Fluctuating range in linked to long- Competition for prey +
eastern arid zone, haired rat impacts of cats on Garnett et al.
occasionally irrupting Open herblands populations but no nestlings unquantified; (2011); Peter
Elanus scriptus across continent; No evidence of and sparse evidence of population may approach | McRae,
(Letter-winged kite) | NT core habitat in CHC change grassland decline X X X X X X X 1000 in dry years pers.comm.
Closure of bores, feral
Patchy across Low vegetation animals, weeds, and Garnett et al.
Epthianura crocea northern and eastern around margins of | Unknown; no overgrazing all potential (2011); Max
crocea (Inland inland Australia, No evidence of wetlands (natural decline Outside threats, but no decline Tischler,
yellow chat) LC including LEB change and artificial) documented X X study area | Suspected | Suspected | Possible Suspected | documented pers.comm.
Regular extensive fires
Northern Australia, Has declined well are regarded as major
from Kimberley to Similar, but below historical threat in northern Garnett et al.
north QLD; contractions and levels but declines Australia + heavy cattle (2011);
Erythura gouldiae occasional to central- | declines within this Tropical savannah | appear to have grazing can reduce seed | Woinarski &
(Gouldian finch) NT west QLD range woodlands ceased X X X Moderate | X Severe X availability Legge (2013)
All threats speculative
Widespread in arid and concentrated on Garnett et al.
and semi-arid May have declined Variable, but No evidence of wetter margins of range, (2011); Max
Falco hypoleucos Australia; always low | in parts of semi-arid | centred on inland decline in study especially in semi-arid Tischler,
(Grey falcon) V densities NSW drainage lines area X X Suspected | Suspected | X X X NSW pers.comm.
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Habitat

Distribution at loss/ Feral Other
European Current Broad habitat fragment- | Livestock | herbivore Inapproriate introduced References/
Species Status settlement distribution preferences Population trend  Cats Hoxes ation impacts impacts fire regimes species Notes pers.comm.
Sparse from south- Extensive clearing
eastern Australia to Apparently particularly of brigalow to
north-west QLD and Moves seasonally declining, east of study region
east NT; major into semi-arid particularly in major threat +
concentrations south areas after south of range; no overgrazing thought to
Grantiella picta of 26°on inland No evidence of breeding; mostly in | evidence of limit tree regeneration in
(Painted slopes of Great major contraction of | Acacia-dominated | decline in study Outside more heavily grazed Garnett et al.
honeyeater) \Y Dividing Range range woodlands area X X study area | Suspected | Suspected | X X areas (2011)
South-west QLD (ML Semi-arid and arid Lack of regeneration of
Lophochroa and eastern CHC), No evidence of woodland Callitris through domestic
leadbeateri through western change, except dominated by and feral grazing a threat
leadbeateri (Major NSW into adjacent apparent expansion | mulga, cypress, No evidence of in Vic, but pine
Mitchell cockatoo - eastern SA and east to St George poplar box, belah decline in study regenerating well in QLD | Garnett et al.
eastern) NT north-west Vic €.1930s or mallee area X X Suspected | Suspected | Suspected | X X and NSW (2011)
Variety of habitats;
Widespread across preference for No decline or threats
Lophoictinia isura Australia; scattered No evidence of timbered No evidence of documented but remains | Garnett et al.
(Square-tailed kite) | LC through inland areas | change watercourses decline X X Suspected | X X X X listed in QLD and NSW (2011)
Decline inferred
Riparian zone with | due to perceived
Melaleuca and decline in habitat
Along most rivers Eucalyptus spp. + quality, but only
Malurus coronatus draining into Gulf Pandanus, shrubs | documented
macgillivray from Leichhardt River or dense decline was on
(Purple-crowned in QLD to Roper No evidence of Chionachne Leichhardt River Mining disturbance also Garnett et al.
fair-wren - eastern) | NT River in NT change cyathopoda following damming | Possible X X Suspected | Suspected | Suspected Suspected | considered a threat (2011)
Secondary poisoning
through baiting a
Temperate and arid potential threat; other
regions, inland to Restricted to threats mostly operate in
Ninox connivens Lake Eyre, Bulloo drainage No evidence of wetter areas outside
connivens (Barking and Murray Darling No evidence of lines/riparian areas | decline in study Outside study area, primarily Garnett et al.
owl - southern) NT Basin systems change in study area area Possible Possible study area | X X X X extensive landclearing (2011)
Appear to rest on
inland wetlands No evidence of
South-east Australia after good rain, decline in study Loss of habitat through
and south-west WA moving to more area, but overall Suspected | water diversion, drainage
Oxyura australis with scattered inland | No evidence of permanent waters | inferred to be Outside (introduced | of swamps and reduced Garnett et al.
(Blue-billed duck) NT records change during dry times declining X X study area | Suspected | Suspected | Suspected fish) flows major threat (2011)
Uncertain; No evidence linking any
Historically recorded population threatening process to
throughout arid and estimates very low apparent declines; all
Pezoporus semi-arid Australia; Few widely- Variable, but confidence; few estimates of population
occidentalis (Night most records before accepted records mostly hummock records since 1935 parameters essentially Garnett et al.
parrot) E 1880s since 1935 grasslands suggest decline Suspected | Suspected | X Suspected | Suspected | Suspected X guesswork (2011)
Main threat in Riverina is
cultivation of native
grassland; other threats
Population in QLD (very high grazing
Northern Victoria estimated at 1000 pressure and fox NSW NPWS
Psediononmus Formerly more and south-central birds; no decline predation) also not issues | (2002);
torquatus (Plains widespread in NSW (Riverina) + documented in Outside in QLD part of range. Cat | Garnett et al.
wanderer) E eastern Australia south-western QLD | Sparse grassland QLD Suspected | X study area | X X X X predation is suspected. (2011)
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Habitat

Distribution at loss/ Feral Other
European Current Broad habitat fragment- | Livestock | herbivore Inapproriate introduced References/
Species Status settlement distribution preferences Population trend  Cats Hoxes ation impacts impacts fire regimes species Notes pers.comm.
Apparent decline
difficult to quantify
due to different Loss and degradation of
survey methods, wetlands through drainge
cryptic and and diversions, especially
Rostratula australis Eastern, northern Shallow, vegetated | dispersive habit in MDB, major threat;
(Australian painted and south-western No evidence of temporary and lack of Outside also grazing and Garnett et al.
shipe) E Australia change wetlands surveys X X study area | Suspected | Suspected | X X trampling in some regions | (2011)
FISH
May have declined
historically due to
Unknown; many Restricted to spring extinctions
springs are extinct in | Elizabeth Springs and diminished Adam
Chlamydogobius CE the Springvale on Springvale flow at Elizabeth Kerezsy,
micropterus (IUCN); | supergroup so station east of GAB discharge Springs; pers.comm.;
(Elizabeth springs E possible it was more Boulia, found in 5- springs; preference | populations now Gambusia not present at | Fensham et
goby) (EPBC) | widespread 14 springs for larger springs appear stable X X Severe Moderate | Moderate | X X Springvale al. (2010)
Restricted to
Edgbaston GAB
Unknown; many springs + bore
springs are extinct in | drains on May have declined Adam
CE the Barcaldine Crossmoor north of historically due to Kerezsy,
Chlamydogobius (IUCN); | supergroup so Longreach; has spring extinctions; pers.comm.;
squamigenus E possible it was more | been found in 19 GAB discharge populations now Fensham et
(Edgbaston goby) (EPBC) | widespread springs springs appear stable X X Severe Moderate | Moderate | X Moderate al. (2010)
Main threats are changes
Rivers of MDB from to flow regimes and
CE QLD to VIC; in No evidence of declines in water quality;
Maccullochella (IUCN); | Warrego and severe contration, No evidence of probably stable in study
peelii peelii E Balonne catchments | but now more Lower to mid- decline in study Outside area due to absence of Curtis et al.
(Murray cod) (EPBC) | in study area patchily distributed reaches of rivers area X X study area | X X X X these threats (2012)
Unknown; many
springs are extinct in
the Barcaldine Survives in two
supergroup so springs at
Scaturiginichthys possible it was more | Edgbaston +
vermeilipinnis widespread; when numerous Kerezsy &
(Red-finned blue- CE discovered known translocated GAB discharge Fensham
eye) (IUCN) | from eight springs populations springs Declining X X Severe Moderate | Moderate | X Severe (2013)
MAMMALS
Open country Stephen Peck
Widespread but including stony and | Fluctuating & Peter Brice,
patchy across inland sandy plains with abundance, but no pers.comm.;
Antechinomys Australia including No evidence of sparse shrubs and | evidence of Woinarski et
laniger (Kultarr) LC study area change grasses ongoing decline Possible Possible X X X X X Abundant in MUL in 2012 | al. (2014)
Dickman et al.
Across arid and Variable, in study (1993); Noble
Bettongia lesueur semi-arid Australia; Extinct in study area | area warrens are Extensive warren et al. (2007);
(Burrowing locally abundant in and on mainland in often found on Extinct in study systems and role as Woinarski et
bettong/ boodie) V good seasons wild small silcrete rises | area Severe Severe X X X Possible X ecosystem engineer al. (2014)
Burbidge et al.
(1988);
Dickman et al.
Most of arid and (1993);
Bettongia semi-arid Australia Lunney
penicillata (Brush- south of Tropic of Extinct on mainland (2001);
tailed Capricorn, abundant | except for fenced Sand plains and Extinct in study Woinarski et
bettong/woylie) CE in many areas areas dunes with spinifex | area Severe Severe X X X Possible X al. (2014)
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Habitat

Distribution at loss/ Feral Other
European Current Broad habitat fragment- | Livestock | herbivore Inapproriate introduced References/
Species Status settlement distribution preferences Population trend  Cats Hoxes ation impacts impacts fire regimes species Notes pers.comm.
Finlayson
(1932);
Burbidge et al.
Distinct preference (1988);
South-west QLD and for ecotonal areas Dickman et al.
Caloprymnus north-east SA,; between gibber (1993);
campestris (Desert sometimes locally plains and loamy Suspected Woinarski et
rat-kangaroo) Extinct | common Extinct flats Extinct Severe Severe X Suspected | (rabbits) X X al. (2014)
Dickman et al.
(1993);
Western study area Lunney
Chaeropus and across arid and (2001);
ecaudatus (Pig- semi-arid NT, WA, Suspected | Suspected Woinarski et
footed bandicoot) Extinct | SA and Victoria Extinct Variable Extinct Severe Severe X (sheep) (rabbits) X X al. (2014)
Uncertain, but rate
Chalinolobus of decline less
picatus (Little pied Throughout NSW No evidence of Wide range of than IUCN Woinarski et
bat) LC and eastern QLD change forested habitats threshold Possible Possible Suspected | Possible Possible X X al. (2014)
South-eastern
Australia, probably
Conilurus albipes inland to Bulloo River Mostly recorded
(White-footed and upper Cooper from grassy Possible but unknown Woinarski et
rabbit rat) Extinct | Creek Extinct woodlands Extinct Severe Possible X Suspected | Suspected | X X role of disease in decline | al. (2014)
Thought to have
declined
Widespread across historically but Kortner et al.
western inland recent evidence Fluctuates seasonally; (2007); Pavey
Dasycercus blythi Australia, east to Spinifex grassland | suggests more appears tolerant of a et al. (2011);
(Brush-tailed Simpson Strzelecki No evidence of + adjacent secure than wide range of fire Woinarski et
mulgara) LC dunefields change vegetation types previously thought | Severe Severe X Suspected | Suspected | Unknown X regimes al. (2014)
Variable and
uncertain;
historical decline Abundance varies
Sparsely vegeated | assumed but substantially with rainfall;
Dasycercus dunes, herblands, increasing in some correlative responses to
cristicauda (Crest- Widespread across Widespread across | sparse grassland, areas with recent Severe decrease in rabbit Woinarski et
tailed mulgara) NT inland Australia inland Australia gibber plains good seasons Moderate | Moderate | X Suspected | (rabbits) Unknown X numbers al. (2014)
Correlative evidence of
Apparently negative impact of
CHC of south-west declining but livestock relating to Canty (2012);
Dasyuroides byrnei QLD and north-west No evidence of fluctuates decrease in shelter and Woinarski et
(Kowari) Vv SA change Gibber plains substantially X X X Severe X X X prey availability. al. (2014)
Restricted to WA
where it is Finlayson
Dasyurus geoffroii Relatively abundant considered (1935);
(Chudditch/western over >70% of '‘Conservation Extinct in study Numerous factors Woinarski et
quoll) NT Australia Dependent’ Variable area Suspected | Severe X Possible Possible Possible X implicated in decline al. (2014)
Northern Australia,
particularly in more
Dasyurus rugged areas; into Severe
hallucatus north-east of study No evidence of (cane Woinarski et
(Northern quoll) E area in MGD change Rocky areas Rapid decline Moderate | Moderate | Moderate | X X X toads) al. (2014)
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Habitat

Distribution at loss/ Feral Other
European Current Broad habitat fragment- | Livestock | herbivore Inapproriate introduced References/
Species Status settlement distribution preferences Population trend  Cats Hoxes ation impacts impacts fire regimes species Notes pers.comm.
Little known of threats or
Northern Australia population trends but
from Kimberley to disturbance of roost sites, | Milne & Pavey
Hipposideros North West inappropriate fire regimes | (2011);
stenotis (Northern Highlands; series of No evidence of Rugged rocky Uncertain; decline and feral cat predation all | Woinarski et
leaf-nosed bat) NT disjunct populations change areas inferred Possible X X X X Possible X possible al. (2014)
Dickman et al.
Variable; (1993);
Restricted to sandstone ranges Lunney
Widespread, Kimberley and and riparian (2001);
Isoodon auratus extening into western | islands of Pilbara grassland within Extinct in study Woinarski et
(Golden bandicoot) | V QLD and NSW and Kimberley coast | current range area Severe X X X X X X al. (2014)
Now patchy and Significant past
Lagorchestes uncommon; recent Tropical declines which
conspicillatus records from north- | grasslands, open continue in many
(Spectacled hare- Northern half of eastern CHC and forest and areas, including in Outside Woinarski et
wallaby) NT continent NWH woodland central QLD Severe Severe study area | X X X X al. (2014)
Likely extinction date
Lagorchestes Central NSW, predated intensive
leporides southern Victoria, European settlement but
(Eastern/brown south-eatern SA, into Open habitat on coincided with arrival of Woinarski et
hare-wallaby) Extinct | southern QLD Extinct grassy plains Extinct Moderate | Severe X X X X X foxes al. (2014)
Across semi-arid and Variety of habitats; Degradation of key Copley
Leporillus apicalis arid WA, SA, Vic, extending into ‘refuges' by sheep and (1999);
(Lesser stick-nest southern NT and more arid areas Suspected | Suspected rabbits suspected to have | Woinarski et
rat) Extinct | western NSW Extinct than L. conditor Extinct Severe Severe X (sheep) (rabbits) X X interacted with predators | al. (2014)
Across semi-arid and
arid southern Degradation of key Copley
Leporillus conditor Australia, into south- 'refuges’ by sheep and (1999);
(Greater stick-nest western QLD and Extinct in study Suspected | Suspected rabbits suspected to have | Woinarski et
rat) NT north-western NSW Extinct on mainland | Shrublands area Severe Severe X (sheep) (rabbits) X X interacted with predators | al. (2014)
Many arid-zone
populations have
disappeared,; total
population size estimated
Widespread but <10 000. Threats:
disjunct populations disturbance of roosts;
Macroderma gigas across northern two- | No evidence of Deep caves and Continuing decline mining; collision with Woinarski et
(Ghost bat) V thirds of Australia change disused mines in QLD X X X X X X X fences al. (2014)
Western deserts Severe Predation by cats
extending to coast Extinct from NSW (only in following long-haired rat
on Dampier in 1940s and SA in southern plagues major threat; Finlayson
Peninsula; only 1930s; has areas; not scant evidence of direct (1935);
remaning wild declined across present impacts of cattle; fire very | McRae
Occurred throughout | population in Stony clay plains QLD and decline wtihin unlikely even after (2004); Peter
Macrotis lagotis arid and semi-arid eastern Aust in with sparse grass apparently current exceptional seasons on McRae,
(Greater bilby) V Australia CHC and herb cover continues Severe range) X X X X X CHC plains pers.comm.
Burbidge et al.
(1988);
Dickman et al.
Central deserts of (1993);
WA, NT, SA and Sandplain and Finlayson
probably into sand dune deserts (1935);
Macrotis leucura Simpson Desert in but also mulga and Predation by foxes and Woinarski et
(Lesser bilby) Extinct | south-western QLD Extinct tussock grassland Extinct Severe Severe X X X X X cats catastrophic al. (2014)
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No evidence for threats,
but broad-scale
Mormopterus eleryi Widespread but Mostly open Limited vegetation clearance in
(Bristle- apparently sparse woodlands, knowledge, but parts of its range in QLD
faced/hairy-nosed across central No evidence of especially riparian possible Suspected (eastern MUL and BB) Woinarski et
free-tail bat) NT Australia change areas continuing decline | X X Suspected | X (goats) Suspected X suggests declines al. (2014)
Predation by feral cats;
rabbits and livestock may
Central and western have contributed, but
Notomys amplus arid zone, into both absent from deserts
(Short-tailed western edge of Sand dunes and at presumed time of Woinarski et
hopping mouse) Extinct | study area Extinct sandplains Extinct Severe X X Possible Possible X X extinction al. (2014)
Extreme
CHC of QLD and fluctuations but
SA; overall historical little evidence of Brandle et al.
Notomys cervinus Formerly widespread | decline is >50% of ongoing decline; (2008);
(Fawn hopping across most of Lake its pre-European Gibber plains and SA populations Trampling by livestock Woinarski et
mouse) NT Eyre Basin distribution alluvial flats seem stable Moderate | Moderate | X Suspected | Suspected | X X potentially a threat al. (2014)
Irruptive
population
Arid SA, south-west | Dunefields with dynamics; no Moseby et al.
Notomys fuscus QLD, north-west perennial species, | evidence of Surveys in 2011-12 after | (1999);
(Dusky hopping Widespread in arid NSW; no records in | but apparently not | decline in study Suspected good rainfall considerably | Woinarski et
mouse) V Australia NT since 1939 in spinifex area Severe Severe X X (rabbits) X X extended its range al. (2014)
Notomys
longicaudatus Arid and semi-arid Probably similar to Pastoral impacts largely
(Long-tailed WA, SA, southern NT fawn hopping absent from much of its Woinarski et
hopping mouse) Extinct | and far western NSW | Extinct mouse Extinct Severe Severe X X X X X range at time of extinction | al. (2014)
Nyctophilus Inland south-eastern Little information,
corbeni (South- Australia, from Woodlands and but inferred Habtiat loss through
eastern long-eared central QLD to far No evidence of mallee decline due to Outside clearing considered major | Woinarski et
bat) V eastern SA change communities habitat loss Possible Possible study area | Possible Possible Suspected X threat al. (2014)
Rapid decline
following
European
settlement - no
Single remnant records from 1937 Invasion of buffel grass
Across inland eastern | population to east of until its serious issue; grazing
Australia, from north- | study area (Taunton rediscovery in Severe considered major cause
Onycholgalea central Victoria to NP) + three Historically known 1973; translocated (not Severe of historic decline +
fraenata (Bridled north QLD; once translocated from wide range of | population in study present at | Outside Suspected (buffel hunting and dingo Woinarski et
nailtail wallaby) Vv common populations vegetation types area stable Severe Taunton) study area | (sheep) X Possible grass) predation. al. (2014)
Drastic decline of
Widespread in semi- mammals in Flinders
arid WA and western Variable, including Ranges after sheep
deserts, south- stony hills; overgrazing following
Onycholgalea western NSW and especially drought; no evidence of
lunata (Crescent south-eastern abundant in mulga grazing impacts on this Woinarski et
nailtail wallaby) Extinct | Australia Extinct country Extinct Severe Severe X Possible X Possible X species in study area al. (2014)
Dickman et al.
Predation by foxes (1993);
Perameles Widespread in proved catastrophic; also | Lunney
bougainville southern Australia, Now restricted to cats and rabbits (2001);
(Western barred including western islands and captive | Poorly known and Extinct in study Suspected (competition) may have Woinarski et
bandicoot) V NSW populations apparently variable | area Possible Severe X X (rabbits) X X played a role al. (2014)
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Dickman et al.
Widespread in arid (1993);
Australia, just into far Stony and sandy Predation by foxes and Lunney
Perameles west of study area in deserts with cats catastrophic, (2001);
eremiana (Desert NT and north-east hummock and potentially compounded Woinarski et
bandicoot) Extinct | SA Extinct tussock grasses Extinct Severe Severe X X X Possible X by large wildfires al. (2014)
North-west QLD, Some historic
extending south to North-west QLD, decline including Habitat degradation and
Toomba/Toko from Lawn Hill to loss of some resource depletion due to
Petrogale Ranges on northern near NT border; subpopulations; goats considered most
purpureicollis edge of Simpson series of now apparently severe threat; also
(Purple-necked Desert (Hodgkinson discontinuous stable in study Severe Possible extensive wildfires, buffel | Woinarski et
rock wallaby) NT 1878) colonies Rocky ranges area X X X X (goats) Possible (buffel) invasion and mining. al. (2014)
Recent surveys
have shown
species to be
Petrogale abundant at many Clearing in valleys
xanthopus subsp. Disjunct populations | Rocky ranges; sites and no between ranges thought Goron et al.
celeris (Yellow- South-western QLD, | from Eromanga to strong preference declines to be a threat, limiting (1978); Peter
footed rock concentrated on Grey | Blackall in Grey for gorges and documented since Moderate movement between sub- | McRae,
wallaby) Vv Range Range system boulder fields 1980s surveys X Suspected | Suspected | X (goats) X X populations pers.comm.
Disjunct localities in
Petrogale North-western NSW ranges in north-
xanthopus subsp. and inland South western NSW and Historic decline Severe Woinarski et
xanthopus NT Australia SA Rocky ranges documented Severe X X X (goats) X X al. (2014)
Combined impacts of
Riparian habitat fragmentation +
\% Scattered in eastern | woodlands; MUL population increased temperatures, Seabrook et
(south- and northern MUL occasionally has declined by likely to become more al. (2011);
Phascolarctos east Across mainland in QLD in study recorded in gorges | 80% over recent severe with climate Davies et al.
cinereus (Koala) QLD) eastern Australia area in northern MUL decades X X Severe X X X X change (2014)
Recent records from Threats poorly
NT and north-west understood but could
Pseudantechinus QLD infer greater Ranges, mostly include inappropriate fire
mimulus North-western range than sandstone but also regimes, feral cat
(Carpentarian Australia and previously occurs on Weak evidence of Possible predation and buffel Woinarski et
antechinus) NT northern NT recognised limestone an ongoing decline | Possible X X X X Possible (buffel) grass invasion al. (2014)
South-east NT/
Widespread; central SA; not Gibber plains on Substantial
historical records recorded in NSW or | cracking clay contraction in
from south-west QLD since 1936 especially around range, but current Trampling of burrows and | Moseby &
QLD, Nullarbor, until 2001 discovery | run-on areas (but trends difficult to destroying cover may Kemper
Pseudomys western Vic, Darling of remains in owl formerly occurred discern because of have an effect, but strong | (2008);
australis (Plains Downs and northern pellet, Diamantina in a wider range of | extreme evidence for predation Woinarski et
mouse/plains rat) V NSW NP habitats) fluctuations Severe Severe X Suspected | Suspected | X X from both foxes and cats | al. (2014)
Pseudomys fieldi Across WA, SA, Outwash fans of
(Djoongan/ Shark southern NT and into ranges in Central Woinarski et
Bay mouse) V north-west NSW Extinct on mainland | Australia Extinct Severe Severe X Possible Possible X X al. (2014)
Poorly known, but
Throughout much of thought to include
Pseudomys gouldii SA and western and sandhills and Causes of decline poorly | Woinarski et
(Gould's mouse) Extinct | northern NSW Extinct plains Extinct Suspected | X X Possible Possible X X understood al. (2014)
May be some
Rocky caves and decline associated
Across northern escarpments; with threats to nest
Rhinonicteris Across northern Australia from roosting in caves sites, but not
aurantia (Orange Australia from Pilbara | Pilbara to Mt Isa or abandoned mine | enough to warrant Human disturbance of Woinarski et
leaf-nosed bat) LC to Mt Isa area area adits listing X X X X X Possible X roost sites a threat al. (2014)
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Limited knowledge of
population size and Woinarski et
Endemic to north- trends; numbers al. (2014);
Sminthopsis western QLD, in Endemic to north- Suspected | fluctuate with seasonal Lundie-
douglasi (Julia MGD and Desert west QLD, in MGD (prickly conditions + low Jenkins &
Creek dunnart) NT Uplands bioregions and DU bioregions MGD Uncertain Severe Moderate | X X X Suspected acacia) detectability. Payne (2000)
Has declined in
Common in wetter the arid zone; Interacting factors Kerle et al.
Trichosurus Once common and areas, extending to | Riparian current trends in implicated in delinces, (1992);
vulpecula (Brush- widespread in arid about Kyabra Creek | woodlands and study area involving drought, habitat | Dickman et al.
tailed possum) LC zone in western QLD rocky ranges unknown Moderate | Moderate | X Suspected | Suspected | X X changes and predators (1993)
REPTILES
Grazing pressure may
Acanthophis Several disjunct Wide variety of reduce prey; land
antarcticus populations through habitats in clearing and cultivation
(Common death southern and eastern | No evidence of association with Possible has fragmented habitat in | Wilson &
adder) LC Australia, but sparse | change dense leaf litter Uncertain X X Suspected | Suspected | Suspected | X (cane toad) | some areas Swan (2010)
Subhumid and arid
areas throughout Cats and foxes may prey
interior of Australia; on young snakes; also
Aspidites ramsayi E in eastern MUL in No evidence of Wide variety of considerable direct Wilson &
(Woma) (IUCN) | study area change habitats Uncertain Suspected | Suspected | Suspected | X X X X persecution Swan (2010)
Alicia
Whittington,
Central-western Naturally restricted; no pers.comm.;
QLD, between No evidence of Mitchell grasslands good estimates of Wilson &
Ctenotus agrestis LC Aramac and Boulia change on cracking clay Uncertain X X X X X X X population size or trends | Swan (2010)
South-west QLD, Arid shrublands on Naturally restricted; no
from Betoota north to | No evidence of stony and clay good estimates of Wilson &
Ctenotus astarte LC Boulia area change soils Uncertain X X X X X X X population size or trends Swan (2010)
Naturally restricted; no
good estimates of Alicia
population size or trends. | Whittington,
Ctenotus schevilli MGD from Richmond Found in abundance pers.comm.;
(Black-soil rises to Muttaburra and No evidence of Mitchell grasslands during surveys on Wilson &
skink) LC Aramac change on cracking clay Uncertain X X X X X X X Lochern NP in 2012 Swan (2010)
Southern NT and Sparsely vegetated Naturally restricted; no
Ctenotus south-western QLD, No evidence of stony hills and good estimates of Wilson &
septenarius LC in a narrow band change gullies Uncertain X X X X X X X population size or trends Swan (2010)
Alicia
Restricted to Whittington,
Diamantina Lakes Dunes and Naturally restricted; no pers.comm.;
area in south-western | No evidence of adjacent stony good estimates of Wilson &
Ctenotus serotinus | LC QLD change soils Uncertain X X X X X X X population size or trends Swan (2010)
No declines
Disjunct populations documented in the
in subhumid and MUL + surveys
semi-arid QLD; into have found many
Egernia rugosa \% eastern MUL in study | No evidence of additional Stephen Peck,
(Yakka skink) (EPBC) | area change Mulga woodlands populations X X Suspected | Suspected | X X X pers.comm.
Alicia
Whittington,
Furina barnardi Central and eastern pers.comm.;
(Yellow-naped QLD, inland to about | No evidence of Few records and very Wilson &
shake) LC Windorah change Variable Uncertain X X X X X X X poorly known Swan (2010)
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Wilson &
No recent NSW Swan (2010);
Far south-west QLD records; no Fluctuating Stephen Peck
Oxyuranus and north-east SA + evidence of Sparsely vegetated | abundance in & Peter
microlepidotus old records from contractions in QLD | cracking clay response to long- No evidence of decline or | McRae,
(Inland taipan) LC NSW or SA plains haired rat plagues | X X X X X X X documented threats pers.comm.
Active at night after rain, Stephen Peck,
a time when sampling is pers.comm.;
Pseudechis colletti MGD in central- No evidence of Largely unknown; difficult - may account for | Wilson &
(Collett's snake) LC western QLD change Mitchell grasslands | may be declining X X X X X X X sparse records. Swan (2010)
Pseudonaja Grasslands on
guttata (Speckled South-western QLD No evidence of cracking clay Probably just sparsely Wilson &
brown snake) LC and eastern NT change plains Uncertain X X X X X X X collected Swan (2010)
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