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PROJECT TITLE

1. PROJECT TITLE
Assessing biodiversity outcomes from waterpoint aggment in the arid rangelands.
2. INTRODUCTION

Domestic and feral herbivores need daily accesster during summer, and every few days
during winter. The risk to biodiversity and ecogystfunction depends on the type of herbivore
activity, its intensity, and how long an area ip@sed to grazing and seasonal conditions
(rainfall). We explore whether waterpoint manipidatis a useful management tool for
achieving biodiversity and ecosystem outcomesératiid grazing lands of remote Australia.
We used the ‘gibber gilgai’ systems of the Storaid Bioregion in northern South Australia
for our case study.

3. PROJECT OBJECTIVES

The project objectives listed in the original salledn April 2006 were revised in the first
milestone report (Smyth 2007) in response two tygdeedback: (i) outcomes of project
planning meetings with the project team in theyestidges of our work (Activity 1), and (ii)
new information gained from other projects after pinoposal of this work was submitted in
2005/06 (Smyttet al. 2007). The reasons for the revisions relateditngéic and logistic
challenges of field research conducted in extrethetyand remote locations on working cattle
properties that were isolated from research cefppendix A). The revised objectives were:

1. Review early project proposal and define the dddiiediversity outcomes from
waterpoint management in the case study regiorb(@rodefinition).

2. Develop indices to measure biodiversity conditiad & assess improvements from
changes in waterpoint management (Metric design).

3. Undertake calibration and intervention experimetatsinderstand the biological
responses to rainfall seasonality, soil conditind eurrent grazing pressure (Waterpoint
field experiments)

4. Investigate the influence of rainfall seasonalityrative vegetation under controlled
conditions (Rainfall seasonality experiments)

5.  Assess the capacity of remote sensing techniquetide a broader context to field
vegetation data, using the correlation betweentsglesignature and cover (Spatio-
temporal analysis of field vegetation data).

4. SUMMARY OF METHODS

Five activities were undertaken: (1) problem deiomi, (2) metric design, (3) waterpoint field
experiments, (4) rainfall seasonality experimemnid ) spatio-temporal context of field
vegetation data. Methods involved a technical wiooks two desk-top studies, a field study and
glasshouse trials. Modifications to the methodheoriginal schedule via variations are
highlighted where appropriate.
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SUMMARY OF METHODS

4.1 Problem definition (Activity 1)

These methods resolved project planning issudsiearly stages of our work and tightened
the focus of our project, making it achievable. Project had three major dependencies at the
outset influencing the metric design and both théenwpoint and rainfall seasonality
experimental components.

Progress on the ‘biodiversity condition and outcenmeetric design was stalled until we could
obtain a clear statement from government environat@gencies as to what biodiversity
outcomes from water management they expected iartdgangelands and which biological
attributes were best to measure condition and neanagt outcomes. The major issue with the
waterpoint experiments was finding land manageliéngito manipulate their grazing
management for the life of the field experimentgpfaximately 30 months). The other major
issue was about the logistics of runningitu rainfall seasonality experiments.

The methods used in refining the Problem Definitimre: (a) hold a technical meeting with
key representative SA government agencies to ddiéiseéed outcomes of waterpoint
management and identify potential measures of béwdity condition and management
outcomes, (b) seek expressions of interest (EQdatticipate in our project, and (c) follow-up
EOIs with a field visit to assess logistics andewpbint and ‘rainfall seasonality’ experimental
design options and (d) to obtain long-term forngaeament. In the technical meeting, the
desired outcomes and biodiversity measures weggrdat in seven steps: (1) define
biodiversity assets and values, (2) identify theeatd pressures, (3) prioritise key threats and
pressures, (4) define desired outcomes, (5) idestifrogates and biological and management
indicators for metrics, and (6) select robust iattics by applying selection criteria.

All of these methods were part of the developmepitalse of the project schedule. No
modifications were necessary.

4.2 Metric design (Activity 2)

Another major issue affecting metric design wasrttegit of environmental metrics as a tool
for assessing ‘biodiversity condition and outcomadjiological terms. Most metrics in
Australia have been designed for assessing imprenenin management outcomes for
stewardships in terms of ecological economics.dinglso, it is assumed, with small
modifications, that these are easily transferrédalenonitoring and assessing changes in any
biological phenomena in different places over titkg a consequence, the metric design was
carried out in three steps: (1) critically revidwe tscientific literature and environmental agency
reports to assess the merit of environmental isdiceassessing biodiversity in Australia’s
rangelands, (2) develop ‘biodiversity conditionddoutcome’ (performance) metrics, using
the biodiversity measures selected in Activity il &me lessons learnt from the review, (3)
validate metrics using data from waterpoint expents (Activity 3).

All of these methods are more focussed then thademikated in the original schedule and
continue to meet the original objectives. No maifions were necessary.
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SUMMARY OF METHODS

4.3 Waterpoint field experiments (Activity 3)

Study area and sites

We chose the Stony Plains Bioregion (IBRA) as & csdy to understand biological
responses to sustained cattle grazing pressursadntbndition. Field sites were located on
two cattle properties and the Oodnadatta Town Comimthe Oodnadatta saltbusktriplex
nummularia ssp.omissa) — mitchel grassAstrebla pectinata)-neverfail Eragrostis setifolia)

low sparse shrubland/sparse grassland communitysathe most widespread and productive
for livestock production. Due to its aridity, cattjrazing is mostly centred on artificial
waterpoints (troughs from bores and rain-fed dami)in only approximately 4 to 5 km from
water. After significant rains, the gilgais actregural water sources, which allow cattle to
disperse across the landscape away from permamartes, thus, areas remote from permanent
water sources experience pulses of grazing depgmdinhe amount and spatial patterning of
rain.

Experimental design and sampling

To measure the effects of waterpoint interventiba,experimental design comprised two
treatments with each having two levels: grazingosxpe (sustained, relaxed) and present
grazing intensity (relatively heavily grazed, lighgrazed to negligible). The main experiment
was waterpoint interventions but we also set-ugsfence experiments so we could confirm
the intervention results. Our intent was not tolahape past paired grazing studies using cross-
fence comparisons but to establish the patterttseiigibber-gilgai biome for the first time.

The waterpoint intervention experiments followetdeyond BACI (before-after, control-
impact) design where the ‘before’ experiments sygdaresponses to sustained grazing of
about 80-100 head of cattle per waterpoint (contiidie ‘after’ experiments tracked changes in
biological responses after the intervention (treatth The intervention involved stock removal
off the waterpoints. Responses were surveyed fowest twice during each of ‘typical’ rains
and extreme dry periods. Vascular flora (in plogshund-dwelling mammals and reptiles were
sampled in a total of 40 sites for the waterpaiteiventions.

The design of the calibration experiments weresfeace comparisons of grazing exposure
(sustained, relaxed from stocking for > 15yearigtnee two waterpoints with grazing intensity
nested within each level. This design was replatébe a total of 40 sites. Sites were surveyed
once after ‘typical’ rains and once after a long pleriod.

Soil condition was not sampled as it appeared tooeparatively well structured probably
because of the underlying landscape processesrtNeless, we undertook some pilot samples
of low and high intensity sites of the controlsagsess soil biological resilience. The measures
used were soil microbial activity and catabolicfpiiy. We also undertook resident, ground
bird surveys but densities were so low (~1 indiaidper 4 km traversed) at the spatial scale of
other experiments that a new study would be netmladsess impacts.

6 [Biodiversity outcomes from waterpoint management « 15 June 2009, Version 1.0]




SUMMARY OF METHODS

4.4 Rainfall seasonality and soil seedbank experime  nts
(Activity 4)

It was apparent after Activity 1 that it would ras practical to undertaka situ experiments in
the field to examine vegetation response to sunameéiwinter rains. Instead, we conducted a
study comparing the species composition and abwedaingerminable soil seedbank under
winter (5-25C & short day length) and summer (15:3%& long day length) glasshouse
conditions (with all other factors held consta®il seedbank results were also compared with
similar attributes measured situ for standing herbage in the 40 vegetation plodessribed

for the calibration experiments in Activity 3. Rbie glasshouse trials, eleven bulked soil cores
were sampled for each site and placed with stpaténg mix in trays in a temperature-
regulated, ‘automatically watered’ glasshouse umatural day length conditions. Plant
species richness and density were determined feaalings and for ‘above ground’ herbage,
the measures were species richness and foliar.cbirese measures were determined for a
variety of longevity/lifeform and palatability clsss. Also determined were litter cover; and the
density, height and average canopy aredtioplex nummularia ssp.omissa individuals. We
chose this species because it was the only commwidaspread long-lived perennial species at
all replicates in the study arg@anonical correspondence analysis was used totdepit-
dimensional patterns by treatments and linear meféett models to examine differences
between treatments.

4.5 Spatio-temporal context of field vegetation dat  a (Activity 5)

Analysis of satellite imagery can provide additibsatial and temporal context to field-based
measurement. Two separate remote-sensing analgsesonducted for this waterpoint study.

1. Very high spatial resolution images were analysdoketter understand spatial
characteristics of gilgais for areas within anddred/the field-study sites.

2. Historic Landsat images were analysed to buildddilprof change in vegetation cover
across a range of seasonal conditions.

In the first study, lkonos and Quickbird images-(Epatial resolution) were classified to map
gilgai structures. Descriptive statistics (medgajisize, nearest-neighbour distance, gilgai
density etc) were then used to build a ‘typolodygibgai types for each study site. Analysis of
cover trends between 1974 and 2006 based on Lasaisa(25 to 50-m pixel resolution) was
conducted to assess change in response to seaeadélons.

[Biodiversity outcomes from waterpoint management ¢ 15 June 2009, Version 1.0] 7
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5. SUMMARY OF RESULTS

5.1 Biodiversity condition assessment framework

Results of the technical workshop revealed thatitsred biodiversity outcomes from
waterpoint management were integral to broaderatspns for biodiversity of the Stony Plains
Bioregion. Based on a priority setting, four brdmodiversity management outcomes were
identified: (1) native vegetation maintenance stagation, (2) no species, population or
community losses; (3) natural water flows, andn@ural mosaic of water remoteness. The
latter directly relates to waterpoint managementaterpoint management also influences the
other outcomes via total grazing pressure by loagstferal herbivores (donkeys, camels) and
kangaroos. It was revealed in the workshop andnikeic review that despite considerable
work being done on measuring rangeland conditidmad yet to include assessments of
biodiversity (plants, animals and microbes) asimary focus. Rangeland managers struggle
with assessing it because it is rarely defineddiffitult to pin down as biodiversity is
everywhere (so what do you assess), is always afiigresponse to natural (and unnatural)
disturbances (so how do you know when it has chihagd what was the trigger) and what
amount of change signals changes in managemeanhastperplexing.

We first defined biodiversity and then developeel filst framework for assessing biodiversity
condition in the arid rangelands. We applied isétect indicators that were scientifically
defensible in biological and planning terms foresmsing biodiversity. We defined ‘biodiversity
condition’ in terms of differences between trenabiodiversity indicators for relatively
unmodified (reference) and modified ecological eys of the same type monitored for the
same time period, where biodiversity is the comjpms;j structure and function measured at a
range of biotic scales (genes, species, ecolog@mamunities). We were not able to illustrate
the interpretation of condition because of the abs®f long-term biodiversity monitoring data
in Australian rangelands. We do however providalimgj principles about sampling design and
analytical methods for interpretation. They areclolsn raw data rather than summaries of data
produced by (multiymetrics. We discovered thatti{§ choice of biodiversity surrogates and
indicators were driven by the choice of managemeattomes, and (ii) a number indicators
were not robust when assessed on biological rebeyaneasurement qualities, feasibility of
implementation, and policy and management relevéorcihe three different waterpoint-
related management outcomes.

Our work highlights the importance of stating txpected outcomes of biodiversity condition
assessments up front, so that indicators releedttire management outcomes are chosen. It
also shows that critical thought on the robustéssdicators is warranted, especially as
condition assessments under climate change williregnformation on the functional traits of
species. This is the first framework of its type& afthough it has strengths, it also has
weaknesses in relation to environmental plannirysirould be used as one of many tools in
the biodiversity management toolbox.

8 [Biodiversity outcomes from waterpoint management « 15 June 2009, Version 1.0]




SUMMARY OF RESULTS

5.2 Metrics in biodiversity management — an ecologi  cal
perspective

Metrics most commonly applied in the managemem{ustralia’s biodiversity are through
stewardships. Although US economists pioneeredvtité on environmental metrics in 1985,
Australia developed and applied them independegtigarly as 2001 with the inaugural
BushTender. Metrics when used in biodiversity stewardshipsastandard of measurement
used to objectively classify and rank multi-objeetlandholder proposals for the purpose of
allocating stewardship contracts. Structurallyytbembine information on the existing
biodiversity condition and its potential improverhen “benefits” under changed management
for a number of biodiversity surrogates assesséukatite, landscape and regional scales.
Information on biodiversity condition is assessgdrlicators, which are justifiable more in
planning than ecological terms. They have greaeap@mong NRM practitioners as they distil
the condition and restorative capacity of ecoldgigatems into a single number. There is
mounting evidence by ecologists though to sugdpest may mislead or at worst deceive
management. This is because (multi) metrics ang amtigorous as the indicators on which
they are based. In our review, we concluded tHhattt (s too early to test the credibility of
biodiversity metrics in Australia as they have been in placed long enough; consequently
serious attention needs to be given to their deg¢®)rRarely are biodiversity indicators
explicitly justified in terms of ecosystem functadity (biological properties, their goods and
services that benefit humans) and resilience (tasonee recovery). (3) Indicators are often
selected on theoretical and anecdotal groundsrrthe empirical ones. (4) Information for
indicators is combined into a single number anctotes useful information for decision-
making and hence compromises the transparencginapplication. For these reasons, we
decided not to pursue the development of metritsdiocus on the selection of scientifically
defensible indicators in terms of ecology and hiedsity planning as described above and
leave interpretation to the end-users.

5.3 Waterpoint field experiments

Standing herbage (one sample) and seedbank

Gilgais containing sparse-shrublands dominateAthylex nummularia ssp.omissa are

common on cattle pastoral leases in the Stony $Bioregions of northern South Australia
and contain a diverse range of ephemeral-wetlaguat gbecies. The present study compared
the germinable soil seedbank of gilgais in reldyiveeavily grazed areas near waterpoints with
others in lightly grazed areas far from waterpqiatsof which were nested in areas that were
consistently stocked with cattle and areas reldsad grazing for more than 15 years. The
community was found to be relatively resistanttazing pressure with no evidence of
significant decline in soil seedbank species rissheven near long-established waterpoints
(since 1890s). We believe this is due to thregaating phenomena: (i) the predominance of
short-lived species which are able to completer tifeicycle rapidly after significant rainfall
events, (ii) the ability of many gilgais to hold t@afor a number of weeks, thereby enabling
herbivores to disperse widely, and (iii) leadingeduced grazing pressure around permanent
watering points at such critical times. The relaljwunpalatable dominant shrdbnummularia

[Biodiversity outcomes from waterpoint management ¢ 15 June 2009, Version 1.0] 9




SUMMARY OF RESULTS

also appears to provide protection to “highly pathée” species. The use of individual plant
species as indicators of gilgai range conditioprablematic due to the absence of dominant,
palatable long-lived perennial species. The onlyespread species identified as a potential
indicator of prolonged grazing pressure \Rasdanthe stricta, which is a short-lived
ephemeral. Significant correlations between combatsove and below-ground total species
richness, and two above-ground attributes (viz. lmens of “highly palatable3pecies, and
numbers of longer lived perennial species) sugestthese attributes can be used to rank
gilgai sites according to species richness eveimgyreriods of below-average rainfall.
However, this probably only applies to sites which geographically close and have
experienced the same recent rainfall history.

Fauna

Preliminary vertebrate fauna results indicate tatiggns. There were no significant differences
in the fauna community composition between sites@nrent levels of grazing intensity

within our sites did not consistently affect spsaiehness and relative abundance. At this level
of biotic organisation, there does not appear ta geazing intensity effect as measured by two
levels of grazing (relatively heavily grazed arghtly grazed to negligible). However, for
individual species, there were some preliminaryisicant trends within the reptiles. Two
species were more abundant in lightly grazed sitalst another was more abundant in
relatively heavily grazed sites close to waterpmirfeurther analysis of these responses will be
conducted following the final field sample.

Preliminary analyses of pre and post interventioiie@ Macumba sites indicated that there
were statistically significant responses in bothmmeal and reptile productivity following
grazing relaxation. When these were combined fetdbtal animal productivity, average
abundance showed a significant increase in faut@aiog resting from grazing in the more
heavily grazed sites close to waterpoints. Thigcamgs an interaction between grazing
exposure and intensity resembling a ‘pulse’-likgp@nse to grazing relaxation (following
Underwood and Chapman 2003). Fauna declined irmgeeabundance compared with the first
sample in sites where grazing was maintained. Malsinesponded with a significant increase
in abundance following cattle removal in sites baglar and far from waterpoints, suggesting
that grazing exposure may play a greater role ih@msity in affecting mammal numbers. As
semi-permanent water during the hottest monthsrhes@vailable throughout the landscape,
grazing pressure is released near artificial waiatp but spreads unevenly throughout the
landscape. Alternatively, mammals could be reftectiesponses to vegetation productivity as
the summer rainfall was relatively higher in thesipimtervention sites. In the pre-intervention
sites, rainfall occurred in autumn, favouring epkeshrecruitment (Davieat al. manuscript).
Summer rains favour grass recruitment and the amoedof seeds may have increased
granivorous/omnivorous mammal abundance. Where tvas no relaxation of grazing,
reptiles responded with a significant decreasdimdance post intervention at both near and
far sites. There was also a less marked and noifisant decrease in the areas following
reduced grazing pressure. It is likely that thadréor reduced reptile productivity relates to the
differences in timing of the sampling (late sprfog pre-intervention and early autumn for
post-intervention). Reptiles are generally moré@vadn spring compared to autumn, as more
mobile adults in the population are replaced by lesbile hatchlings. The results could
therefore be interpreted as relaxation of graZmagjng a positive effect on reptile productivity
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when compared with sustained grazing. This is esadespite post-intervention sampling
occurring when productivity would be seasonally éowthe replicates in the post-intervention
areas were as productive as during the pre-intéoresample when reptile productivity was at
its peak. In the sustained grazing areas, prodtictivopped significantly more than in the
areas relaxed from grazing.

In summary, there is a suggestion that grazingcadilan may benefit the fauna at least but it in
conclusive and requires completion of our field kvor

5.4 Rainfall seasonality

Overall it was found that of all seed germinatioger twice as many (69%) germinated under
“winter” conditions than under “summer” conditio(®L%). This was due to the majority
(78%) of forb seedlings germinating in winter, & 64% of seedlings of long-lived perennial
shrubs. Ninety eight percent of all exotic seedcWigerminated did so under “winter”
conditions as did 66% of seedlings of “highly palde” species, and 66% for “unpalatable”
species. However, 81% of grass seed, which geradrexnherged under “summer” conditions.

5.5 Spatio-temporal analysis of field vegetation da ta

Analysis of satellite imagery can provide additibsatial and temporal context to field-based
measurement. Two separate remote-sensing analgsesonducted for this waterpoint study.
1. Very high spatial resolution images were analyseloetter understand spatial
characteristics of gilgais for areas within anddred/the field-study sites.
2. Historic Landsat images were analysed to buildddilprof change in vegetation cover
across a range of seasonal conditions.

In the first study, lkonos and Quickbird images-(Epatial resolution) were classified to map
gilgai structures. Descriptive statistics (medgajisize, nearest-neighbour distance, gilgai
density etc) were then used to build a ‘typologygitgai types for each study site. Difficulties
in precisely classifying gilgais and verifying réswon the ground prevented accurate maps of
gilgai shape and location. Thus the spatial stesigire only indicative. Nevertheless, there
were considerable differences in gilgai-type betwsiges (e.g. size and separation) and these
differences need to be accounted for when interydield data.

Analysis of cover trends based on Landsat datag3®-m pixel resolution) showed that cover
remained relatively stable between 1974 and 19894xss much more variable over the next
10 years. It is likely that seasonal variatiomamfall accounted for most of the cover change.
This historical pattern provides important contextinterpreting vegetation data collected on
the ground.

[Biodiversity outcomes from waterpoint management « 15 June 2009, Version 1.0] 11
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6. ADOPTION AND COMMUNICATIONS

6.1 Adoption

Although it is still early days for policy adoptipthe biodiversity condition assessment
framework has been modified and used as an exdnaphework for monitoring and
evaluating biodiversity changes in response td fgyat control by the Department for
Environment and Heritage, SA. Smytal. (2009) has received 3 reprint requests at thgesta

6.2 Communication

Presentations to stakeholders — 4

Newsletter articles — 5

Internet weblinks — CSIRO project web address linkith Desert Channels and Lake Eyre
Basin.

Publications sent to: ACRIS (Jenny Boshier) anghadject collaborators and some of their
colleagues.

Field Day has not occurred but we are in the estdges of planning a Landline grab.

7. COMMERCIAL POTENTIAL

The knowledge collected, derived or synthesizeihduhis project has no commercial
potential. Most information will be published iretiscientific literature for the general
readership.

8. PUBLICATIONS

Bastin, G. (2009). Spatio-temporal analysis of vagen cover of gilgai ecosystems. Report to
Land and Water Australia. (Attached)

Brandle, R. and Smyth, A. (2009). Preliminary reémdrvertebrate fauna analyses resulting
from the waterpoint manipulation for biodiversitsopect. Report to Land and Water
Australia. (Attached)

Davies, R.J-P, Mackay, D. A., Whalan, M. A., SmylK. (2009). A comparison of above-
ground vegetation and soil seedbank in the ‘gilgflgais’ of the arid rangelands of
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9. ADDITIONAL INFORMATION

Additional information can be found at:
http://www.csiro.au/science/WaterpointManagementlht
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Assessing biodiversity outcomes from waterpoint aggment in the gibber-gilgai grazing
lands of arid Australia

INTRODUCTION

Artificial waterpoints control the distribution gfazing animals both spatially and temporally
in the arid rangelands (Lange 1969; Squires 194 ¢t al. 1978). Many scientific studies
have addressed the responses of plants and atomadger-focussed grazing gradients with
some recommending waterpoint closures to rest \mosity from grazing pressure (e.g. Noble
et al. 1998; Jamest al. 1999). However, questions still arise among emvitental planners as
to whether the benefits to biodiversity outweigh groduction losses and lost opportunities
costs that waterpoint closures imposed on produgerémplicit assumption of waterpoint
closure is that that grazing relaxation can stiteulaherent ecosystem resilience and lessen
‘persistent grazing gradients’. Assuming degradaabgstems can bounce back from decades
of grazing, how then can change be reliably measuréhe highly, changeable arid
rangelands? In other words, how do we assess &agliat biodiversity gains from waterpoint
interventions in patchy dynamic systems? Preseitiéyre are no strategic planning tools for
waterpoint management to answer these questiansramsparent way. Our work addresses
this issue for cattle grazing in the gibber-gilgaome of Stony Desert bioregion of South
Australia.

In arid Australia, rainfall is discontinuous andhws in “pulses” of very short duration relative
to the long-term absence of rain between rain avéat effective rain event activates
biological processes (especially production andagyction) and the biomass of plants and
animals build up in response (following Noy-Meir7B). It is not only discontinuous but it is
also stochastic in amount, intensity and timingedfifall. Generally, between-year variability
of rain events increases with lower average rdintat a monthly basis, rainfall is mostly
aseasonal and falls sequentially for only one ardays at a time on average. Imposed on the
temporal patchiness of rainfall is the spatial patess. The latter is persistent and random at
all scales, depending on topography (influencingatf), wind direction and speed, and rain
angle. Erratic thunderstorm cells play an importat# in biological responses. Coupled with
rainfall seasonality is the variability in the stture and function of arid rangelands systems in
space and time (Friedel 1990). Consequently, asgsasent of biodiversity outcomes has an
extremely stochastic quality, making it potentiaifficult to assess in a repeated fashion and
to tease apart changes due to rainfall seasoadyhuman interventions.

Rainfall via runoff also recharges natural drinksaurces, thereby increasing access to forage
over much larger areas. When conditions are gatledend to disperse away from permanent
water sources. During long dry periods, they relyadificial waterpoints and sparse permanent
natural water sources (Fleming 1998). Thereforéempaint management requires an intimate
knowledge of the rainfall seasonality, the patchief nutritious forage, livestock movements
and livestock defoliation activity (dietary prefaoes and amount consumed).
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Cattle tend to have a less selective diet thandaog and probably the least selective of all
dominant herbivores in the Australia rangelandsi$ham & Fairfax 2008). They are likely to
switch preferences depending on food availabilitygreferentially graze on forbs after rain
(Dawson & Ellis 1994). Overall, cattle have a logfaliation impact due to their reluctance to
forage pastures to the same level as other hedsvmrcause of their smaller bite (Graetz
1980). Grazing animals tend to favour the habitzs provide the most nutritious forage (Hunt
et al. 2007). Cattle tend to have a greater threshola @e=a occupied by 95% of the
population relative to water-focussed grazing) urdig than wet conditions (Fensham &
Fairfax 2008). Grazing is also more likely to ba@sivained around waterpoints with fertile
substrates in arid systems(Snsttal. 2007).

The vulnerability of areas has been defined in $eofirone or more threatening processes or
human disturbances that puts at risk “the survafalindance or evolutionary development of a
native species or ecological community”. Three praips are believed to mediate vulnerability
in environmental planning (Wilsost al. 2005): (i) exposure — the time a threatening msce
affects an area, often measured categoricallyvasntedium or high, (ii) intensity — measured
by magnitude, frequency or duration, and (iii) iroppa the positive, negative or neutral effect
of a threatening process on biodiversity such a@emfacussed grazing (Waite 1896; Osbetrn
al. 1932; Ratcliffe 1936; Lange 1969; Jamstal. 1995; Friedel 1997; Landsbeggal. 1997,
Nobleet al. 1998; Jamest al. 1999; Hunt 2001; Fisher 2001; Harrington 2002; htestti &

al. 2002; Landsbergt al. 2003; Letnic 2004; Montague-Drakeal. 2004; Fukuda 2006;
Underhillet al. 2007; Fensham & Faifax 2008). The level of intati@ controls the impact of
a threatening process. Waterpoint interventionettoee can possibly control vulnerability of
rangeland areas through the intensity and expdswezing. Grazing intensity is measured by
stocking rate per water but intensity changes atdba waterpoint, depending on the threshold
area over which cattle wander from water (Andrewaage 1986a, b). Over time, sustained
grazing creates persistent grazing gradients (Beséil. 1993) which tend to radiate out from
waterpoints. This can occur in many different pateby cattle depending on the topography,
patchiness of nutritious forage (Hwattal. 2007), wind and rocky terrain which can create
uneven grazing exposure in some ecosystems. Graxpagure can also be uneven depending
on grazing land management practices and rairdaB@nality. If stock start to loose condition
on waterpoints, land mangers usually take thenadftransport them to other waterpoints if
conditions allow or send them to market.

Most work on the ‘vulnerability’ of Australia’s rgelands over the last 50 years has been as
condition assessments of native vegetation (pdgitanat species) and the land for the purpose
of sustaining livestock production for private bitse(Smythet al. 2009). Work on

‘biodiversity condition’ has occurred at a slowacp and at most providel hoc ‘snapshots’

of condition in space and time (Smwthal. 2009). Attempts have been made to use rangeland
monitoring to indicatgost hoc biodiversity changes (e.g. plant structural dyreniVatsoret

al. 2007) but are limited by sampling design issues.

The assessment of ‘biodiversity condition’ and demfrom waterpoint interventions is
important for environmental planning by many diéfiet managers of biodiversity. The SA
Department for Environment and Heritage is intex@$h terms of biodiversity conservation,
the SA Department of Water, Land and Biodiversion§ervation, S. Kidman Pastoral
Company and Todmorden Pastoral Company are engadeans of managing pastoral leases
sustainably and the South Australian Arid Lands NBb&&rd in terms of managing the
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rangeland’s natural resources. The status and ekadngpiodiversity and its trends can inform
conservation policies, the management and rehaiflit of biodiversity, locations for
protected areas and environmental stewardship amgyrin the rangelands, the information
can also be useful for assessing ‘duty of care'gl@nce of leases and the accreditation of
niche livestock products (ISO 14001 standard fatanable environments) (Smyahal.

2003). Most attempts at assessing biodiversitpédicy and planning purposes have used or
modified (multiymetrics for environmental stewargsh(Smythet al. 2009). However, the lack
of a guiding framework is urgently needed especialt claiming evidence-based outcomes
from management intervention.

In this work, we undertake five related activities.

1. We develop and apply a biodiversity assessmentdinanrk as a guide on how to assess
and evaluate outcomes from waterpoint intervent{®eblem definition).

2. We assess the merit of environmental stewardshigasdor reporting biodiversity
outcomes from waterpoint intervention (Metric degig

3. We undertake waterpoint intervention experimentgs$b the predictions in an
homogeneous ecological community that (Waterpa@hd fexperiment):

a. Grazing relaxation via waterpoint intervention @nd reservation) will have a
richer biodiversity than areas under sustainediggazxposure

b. High grazing intensity (relatively heavily grazaaas near the waterpoint)
will have lower biodiversity compared to low intégsggrazing (lightly to
negligibly grazed areas far from the waterpoint)

4. Because of the dynamic patchiness of arid rangelaadsed by rainfall, we study its
effect under controlled conditions in the glassieousing the soil seedbank from
experimental field sites. We test the same hypethas above (Rainfall seasonality).

5. To extrapolate our findings on vegetation in thateat of broader landscape
patchiness, we explored the spatial variation insbudy system and the long-term
temporal effects of rainfall on vegetation cover.
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METHODS

Five activities were undertaken: (1) applicatioraafew biodiversity condition assessment
framework, (2) a review of the use of existing lwedsity metrics, (3) waterpoint ‘closure’
field experiments, (4) rainfall seasonality anddimmk experiments, and (5) spatio-temporal
patchiness of gibber-gilgais vegetation in a broadatext. The Stony Plains Bioregion was
used to assess evidence-based biodiversity outclmomesvaterpoint closure.

1. Case study region

The Stony Plains Bioregion covers an area of 120,k in the central northern half of the
State of South Australia. Its key features arevist undulating gibber and gypsum plains that
can be separated into five major landforms, eappating broadly different ecological
communities. The stony plains and tablelands areltminant landforms (about 70% of the
bioregion), are varied and include sloping gibdarrs with cobble-sized stone cover and
gibber pavements of small pebbles. Other landfantiside the breakaways (tablelands) and
other residual landforms of mesas and tabletopsefiklds and sandy plains, drainage lines
and flood plains and the Great Artesian Basin gsrii®mythet al. 2009).

The bioregion supports 17 major vegetation typ84, Mant species, approximately 230 bird
species, 100 reptile, five frog and 41 native ahdetal mammal species (Brandle 1998).
Seventy-seven land types (smallest sub-regionabhgenent unit) have been mapped for the
region (Fleming and Brook 2008). They range in drem 457 to 11,079 kfrand represent the
diversity of ecosystems at a broad scale.

The bioregion is situated in the most arid regibAwstralia with a median annual rainfall of
150 mm that is spatially and temporally patchy.nial for most of the region is stochastic and
difficult to quantify, nevertheless, Oodnadattaifigs annual rainfall for the bioregion. Unlike
seasonal areas, the rain year extends from Augulstly. Since 1892, annual rainfall peaked at
its maximum deviation below a century average {adlidlata for 1892 - 2007) in 1955.
Thereafter, annual rainfall gradually increaset@lgh most of it was still below the century
average. In 1999/2000, annual rainfall peaked abloweentury average, the wettest it has ever
been in the past 116 years. By 2007, annual rindal dropped to the century average.
However, it is soil moisture that drives vegetatiesponses and is affected by daily
temperatures through evaporation (Table 1). Suntemeperatures are consistently high,
reaching a maximum of 50C and winter temperatures rarely drop below zeraldy climate
change (worst scenario by 2150), the climate idipted to become hotter (increase by 2, 5, 7
°C for 2030, 2070, 2100) and drier (rainfall dechegdy up to 10, 20, 30% for 2030, 2070,
2100) (CSIRO OzClim 2007).

Land uses are livestock grazing, mining, ecotouri@mtected areas and regional towns, with
grazing being the most widespread activity suchni@st of the region is under pastoral lease.
Livestock graze on chenop@driplex/Sclerolaena/Maireana vegetation association of low
open shrubland over sub-shrubs and grasses, wbnen about 75% of the bioregion (Brandle
1998). Cattle grazing dominates the northern tviaishof the region.
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Oodnadatta-Cumulative Sum of Rainfall Residuals (18  92-2008)
Rain Year (August-July)
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Figure 1. Annual rainfall and cumulative rainfall residuals above and below the century mean
annual rainfall for Oodnadatta, South Australia, 1892-2008. Polynominal curves are fitted for

each rainfall variable. (Rain year is August to July, cum sum = cu

mulative sum, Poly. (cum sum)

= polynomial curve for cum sum; Source: Foulkes, Department for Environment and Heritage,

2009).

Table 1. Mid-summer and mid-winter temperature comparative statistics (based on 30-year

climatology) for Oodnadatta, Coober Pedy and Alice Springs clim
Meteorology 2005)

ate stations (Bureau of

Oodnadatta Coober Alice Springs

Pedy (NT)
(Data: 1961 — 1990) (SA) (SA)
January (mid-summer)
Mean Min - Max 19.6 - 37.7 20.7-36.4 21.3-36.2
Daily range 31.9 37.6 34.7
Highest maximum 50.7 47.0 447
Mean No. days >= 40°C 10.4 7.7 6.5
Lowest minimum 11.7 9.4 10.0
Variability Index* 0.3 0.4 0.3
July (mid-winter)
Mean Min - Max 5.8-19.6 6.3-18.7 3.7-195
Daily range 34.8 34.0 37.4
Highest maximum 32.2 32.0 29.9
Lowest minimum -2.6 -2 -7.5
Mean No days <= 0°C 0.7 0.1 7.0
Variability Index* 1.6 1.0 3.1

! variability Index = (90 percentile — 10 percentile)/50 percentile
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2. Defining the problem with a biodiversity assessm ent framework

With no existing framework for assessing biodivigrsiutcomes from waterpoint intervention,
we developed a framework for assessing biodivecsitydition by building on developmental
work on biodiversity stewardship metrics (Smgtlal. 2007) and measures (indicators) for
assessing biodiversity condition (Smtal. 2009a) previously undertaken for the case study
region. We used this approach because waterpoimagesnent by relaxing total grazing
pressure is an on-ground activity advanced tonaiarestore (if possible) the resilience of
ecological communities/habitats for the bioregibEHSA and SAAL NRM Board 2008). This
also was the reason for undertaking a biodiversitydition assessment for the Stony Plains
bioregion (Smyttet al. 2009a). The framework embraces biological diveraitd its role in
maintaining ecosystems (Smydhal. 2009b). It has seven steps:

define biodiversity condition

prioritise the outcomes of a biodiversity conditamgsessment using priority setting
related to management outcomes

identify biodiversity surrogates

select robust biodiversity indicators or measures

design and implement long-term monitoring

evaluate monitoring results

adapt biodiversity planning and management.

N

Nogako®

The justification for each step is published inailéh Smythet al. (2009b), so here we
summarise this information.

Step 1 - Defining of biodiversity condition

We defined ‘biodiversity condition’ adifferences between trends in biodiversity indicators for
relatively unmodified/resilient (reference) and modified ecological systems of the same type
monitored for the same survey period, where ‘biodiversity’ igerrestrial species (vertebrates
and vascular plantgnd ecological communities (aka habitats, land type, regional ecosystem)
of the Stony Plains Bioregion. We chose these ladity entities because that is the biotic
level where most work has been done in the randsland are of interest to biodiversity
planners.

The focus on differences between reference andfieddiystems solves the problem of ‘how
much’ change is required to signal a threshold.si\ie assume that ecosystem functioning is
maintained if management activities operate withinrange of conditions expected under
natural disturbance regimes. We suggest using pirélsg ‘reference’ conditions to represent
relatively natural ecosystem variability, as itrigpossible to reconstruct pre-settlement
conditions.

Step 2 - Scoping the objectives and outcomes

Before identifying the objectives and the desirattomes, a systematic prioritisation
assessment of the environmental issues affectiaggas in biodiversity and ecosystem
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functioning is a necessary first step for the reasmtlined in Smytlet al. (2009b). The
prioritisation assessment involves four tasks:

1. identification of biodiversity values and assets,
2. analyses of environmental issues affecting bioditaeand ecosystem functioning,
3. identification of biodiversity management priorgjeon-ground interventions and

capacity to achieve management, and
4.  assessment of ‘duty of care’ responsibilities urie legislation (leasehold permits in
South Australia).

In our case study, information for each task wdkected using scientific and ‘biodiversity
manager’ workshops, and reviews of the scientifid grey literature about the biodiversity and
ecological communities of the Stony Plains Bioregio

Step 3 - Identifying biodiversity surrogates

The surrogates were based on the objectives awsdraes for species and ecological
communities identified in Step 2, with the undertyiassumption that they represented broader
biodiversity. Where possible, we used cross-taxwrogates as these have been shown to have
the best possible surrogacy value (Rodrigues andk8r2007). To ensure that the surrogates
affected or responded to changes in ecosystemidumirng, we assessed the role of each. A
coarse and admittedly incomplete list of key funes for each biodiversity value based on the
best knowledge we had at the time were identified.

Step 4 - Selecting robust biodiversity indicators to measure surrogates

Indicators are often used interchangeably withagates (Rodrigues and Brooks 2007). They
differ by beingmeasures of the condition of environmental phenomena, asibaters for
trends in natural resources (Suter 2001; NiemiMoBonald 2004). In our work, they are the
biological (and sometimes abiotic) measures ofogates for species and ecological
communities that can be measured in the field miotely. We ran an expert workshop of
terrestrial ecologists familiar with the regionidentify all potential indicators. Next, we
undertook a desktop assessment of the robustnessbfindicator in an attempt to have
indicators that spread across the science-plarsgagtrum. We justifiedobustness of

indicators by systematically subjecting each inticto an integrated set of criteria (33 in
total). The criteria relates to the biological k&ace, historical dimensions, measurement
qualities, feasibility of implementation, relevartogpolicy and management utility of
indicators applied in natural resource managenssd Table 1, Smyt al. 2009b). We
adopted the precautionary principle (following Gemd Brewers 1996) and assumed equal
weightings among criteria to avoid applying impade to criterion based on the values,
depending on where one works in the biologicalrsgeplanning interface. The rule-of-thumb
for a robust biodiversity indicator was it hadnteet approximately two-thirds (67%) of the
selection criteria (i.e. 22 or more criteria). We accept that the fialsubjective, but it is the
best solution given the gaps in our knowledge n§edand biodiversity. As a precaution, we
used a top-down approach, with the intent of ddicarindicators once evidence indicated they
could be misleading.
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Step 5 — Sampling design and implementation of long-term monitoring

Less attention has been given to sampling dessyessfor assessing condition in terms of
biodiversity. The monitoring and assessment of ibrgity condition in any biome requires
sophisticated sampling design and statistical amalfMost environmental impact sampling
designs (e.g. ‘beyond BACI’, ‘before-after, contimipact’) are best for assessing the impact of
planned disturbances/interventions (e.g., watetpogtallations). Nevertheless, the knowledge
gained by applying environmental impact designgeisfly ‘beyond BACI’ designs in

Australia are useful for guiding sampling desigmsdssessing biodiversity condition in places
where human disturbances already operate or ayelyannplanned reactively.

Other important issues for sampling design monigphiodiversity condition are statistical
power, sample site arrangement to detect changgaband temporal scales (Underwood and
Chapman 2003) and rainfall patterns (Hewithl. 2001).

Step 6 - Interpreting biodiversity condition

A range of approaches have been adopted for irt@mgrbiodiversity condition, ranging from
simple aggregates (e.g., Ant Index of Biologicaégrity, Majer and Beeston 1995; Biohyets,
Readet al. 2005); conditions score such as BSSs (e.g., GlimdrParkes 2003),

“BioCondition” (Eyreet al. 2006a, b) and graphical representations (e dayrrnalots, Suter
2001) to more sophisticated multivariate matherahtieatments (Andreasehal. 2001). The
use of a single score (multimetrics) has been ehgéld on the basis of being misleading and
lacking transparency (see attached review by S&\Blavies, under revision). Consequently,
we prefer using raw biodiversity indicator datawed in preference to derived values such the
(multi)metrics.

There are a large number of published methodsferpreting change in trends. Some are
regression techniques for disturbance gradiem® $eries analysis, a Bayesian approach and
post-hoc ‘beyond BACI' if a putative change is saded (especially if the interest is to
estimate temporal variation) and post hoc ‘impactantrol’ where sites are treated as
experimental units. However, most approaches whileormly powerful assume data
conforms to the assumptions of eventual analydig;iwcan create practical difficulties for the
researcher and is a constant challenge in envirotahehange assessments. There are
statistical solutions to this problem (Underwood &hapman 2003).

3.  Metric design

We undertook a review of biodiversity metrics ugednvironmental stewardships to assess the
value of metrics (see attached manuscript by Da&i8snyth). From an ecological perspective,
we reviewed the designs of existing biodiversitytnioe applied for environmental

stewardships, the key issues affecting their desagml assessed the implications of their
application for biodiversity planning in the dynanginvironments of the arid rangelands. We
consulted the international and Australian scientiferature and research reports for our
review.
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4.  Waterpoint field experiments

The methods for this work have not been describeatktail previously, so we present them
here for this report as ‘Methods’ text for two freiscientific papers devoted to the vegetation
and fauna results of the waterpoint interventiopeziment. In these papers, we would shorten
the study area description but include Table 2.

The study area and sites

Sixteen sites were selected across the two stuapepiies (Todmorden and Macumba Stations
and the Oodnadatta Town Common via Oodnadattachmearthern SA) in the open gibber-
gilgai landscape dominated by low chenopod shradsgaasses (Fig. 2). These gilgais
represent the productive parts of the landscapevane the focus of our research. Cattle
grazing is commonly centred on artificial watergsittroughs from bores and rain-fed dams)
due to the sparseness of permanent natural watereso The rough cobblestones of the gibber
pavement restrict cattle grazing to within only apgmately 4 to 5 km from water, differing
from other biomes of up to 10 km with softer susists (Hodder & Low 1978; Jametsal.

1999). After significant rains, cattle move off tivaterpoints to forage more widely, relying on
the semi-permanent gilgais as water sources.

The gibber-gilgai landscapes are a unique landfostrfound anywhere else in the world and
South Australia contains most of them. The patteyionsists of two major elements: (1)
extensive shelves of stone pavements in whichttirees or gibbersonsist mainly of quartzitic
silcrete forming a layer usually only one stonektoverlying heavy loam to clay soil which
contains few stones and (2) gilgai depressions fonto greater than 30 metres in diameter
which mostly lack a stone pavement particularittmdownslope side (Jessup 1960). The
soils of the stone pavements have extremely loasraf water infiltration, and so are water
shedding in contrast to the gilgai depressions &/bgen cracks can provide very high rates of
water infiltration and the depression accumulatatewand provides a long-lasting surface
detention capacity (Hunter and Melville 1994) . Wfatan pond up to six months in winter and
two months in summer, depending on the size anthddhe depression.

The gilgais are formed by the alternate cycledaf soil shrinkage and swelling associated
with wetting and drying ( Ollier 1966; Staeeal. 1968; Ollier 1966). While the gibber covered
shelves in between the gilgai are largely devoidasitular plants, the depressions support a
diversity of flora characteristic of both semi seamid tropical and temperate regions. Even
slight variations in microtopography (< c. 30 mresaciated with gilgai in semi-arid New
South Wales produced marked variation in vegetatigtih greater productivity and diversity

in the depression (Wilson and Leigh 1964). Craeksch are open most of the time in the base
of the gilgais provide habitat and shelter for detst of reptiles, small mammals, small birds
and invertebrates (Brandle 1998). Consequentlyfaaura sites are centred on the gilgais
(patches) with sampling extending into the pavenir@ matrix). Vegetation sampling centred
on the gilgai depressions.

The gibbers themselves vary from large bouldeesdlmsely packed mosaic pavement that is

highly resistant in parts to traffic and erosioro(@Bman and Milnes 1985). In the gibber-gilgai
landscapes of the Oodnadatta region, upward movesheack clasts through the soil is likely
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to be responsible for their dominance at the soflage and absence throughout most of the
soil profile (Jessup 1960)(Fig. 3). This actiom&lieved to maintain and restore soil structure
once rested from repeated trampling by cattle @hdr ungulates historically).
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Figure 2 Map of study sites for intervention (Macumba) and calibration (Todmorden)
experiments. (Intervention experiment: treatment — grazing relaxation (stock removed off water
point); control — on-going grazing, N — near (~< 1 km from waterpoint), relatively high grazing
intensity, F — far (~> 4 km from waterpoint); relatively low or negligible grazing intensity, grey
lines — fences; mustard lines — roads, circles —waterpoints. Calibration experiment: treatment —
dark areas; long-term grazing relaxation; control — light areas, on-going grazing; near and far as
per intervention experiments; brown lines — tenure boundary)
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Subduction zone of
gibber and heavy clays

Gilgai X ’ Puffy clay areas
depression 7%

Figure 3 Part of a large, grazed gilgai (30 m long x 5 m wide) showing a base of heavy, cracking
clay soil and the leading edges of gibber that forms a subduction zone and trailing edges of
“puffy” loam, clay soil. The gilgai is surrounded by a matrix of non-vegetated, gibber pavement

Rainfall for the study sites prior to each sampéswighly variable spatially and temporally
(Fig. 4). Average minimum and maximum temperatfioeshe month of each 14-day sample
period were typical for the bioregion: March 19.33-7C, June 6.5 — 19°@, October 15.1 —
30.3C, and November 18.5 — 337

Rainfall data for Duckhole and Harry's Rainfall Data for Breaden's & Oodna
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Figure 4. Total rainfall for intervention and calibration sites, November 2006 — March 2009
based on one event before the sampling dates. (March 2007 — 4 months total, June 2007 — 9
months total, November 2007 — 4 months total, October 2008 — 18 months total, March 2009 —
16 months total)

The vegetation is usually a low sparse shrublanst fnequently dominated by the long-lived
perennial shrutriplex nummularia ssp.omissa, (hereafter referred to @ nummularia)
andoccasionally byAtriplex vesicaria. Maireana aphylla and occasionallZhenopodium
auricomum also dominate on sites that receive more runofffegre water is retained for
longer, while the halophyte&cl er ostegia medullosa andFrankenia serpyllifolia are
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indicative of gilgais with more saline soilsstrebla pectinata, Eragrostis setifolia and
occasionallyEriachne ovata are the dominant longer-lived perennial grassélsearground
stratum although mostly sparse in cover. The dhatt perennial grasses and a number of
short-lived perennial sub-shrubs also frequentiyidate the ground stratum but die out during
extended dry periods. The forbs are also frequetiié in ground stratum during wetter periods
but persist as perennial root stock during dryquisi After soaking rains, a diverse range of
short lived species germinate especially after sarmains and include a wide range of
ephemeral grasses. The deeper parts of the filglaietain water for extended periods are
dominated by species associated with wetlands. Wélexception of dominant species, plant
species composition and abundance (especiallyhwdmaprals) vary greatly between gilgais
within a local region. This is probably due to treat range of gilgai sizes, soil variation
between gilgais, the differing extents to which evdtows into gilgais from adjacent
impervious areas, and the extent to which a gilgdisjunct from adjacent gilgais.

Historically, the study area has been stocked (stgats, horses, camels) since 1885 (Fleming
1998). Sheep shepherding (herds of 1,000-2,000 fwed€elcted from dingoes) occurred up until
1940s after which fencing concentrated stock irdpalls. During these times, grazing was
restricted to permanent and semi-permanent natiatar resources (springs and waterholes). It
was self-regulating in that stock was forced to enom when semi-permanent waters dried up.
However, when ephemeral forage (the historicalsdafiivestock production) dried off during
long dry periods, starving stock retreated to a pewmanent waters to eat all foliage they could
reach. Consequently, riparian systems were overedgrand some species were permanently
damaged (Fleming 1998). Dingo predation of shegqgaddocks forced a switch to cattle. With
intensive fencing in 1970s, came intensive indtiakteof artificial waterpoints. Although this
development rested the few permanent waters fraximgy pressure, it extended grazing into
almost all areas of the biome. However, becauskeeofoughness of the gibber pavements on
hoofs, cattle mostly graze within 4 km (occasionalkm) from water. We only once saw 2
head of cattle at about 5 km from water. Howevattle dung was detected in all of our sample
areas, highlighting their ability to spread out wleenditions allow. At the time of our study,
the numbers of other herbivores was low. No camvel® sighted, up 13 donkeys were
observed on Macumba Station but were removed bgnbdeof the study and 12 to 40 horses
roamed the Oodnadatta Town Common but 8 km awany fnor study sites. Goats were never
sighted and rabbit activity was minor and restddi@areas of soil where they can sustain
burrows. Red Kangaroos, the only large native erbs, were very sparse at the Macumba
sites, but relatively common at Oodnadatta-Todmosites.

Experimental design

Two related experiments were carried out in thdysarea (Fig. 2). The first one determined
the effects of waterpoint manipulation on planisak ground mammals, reptiles and pilot
samples of soil microbial activity at eight sitesMacumba Station using a ‘beyond BACI
(Before, After, Control, Impact)’ design to studhetresponse of biota to a waterpoint
intervention (termed the intervention experimemtje second experiment (termed the
calibration experiment) used ‘cross fence’ paireshparisons of the remaining eight sites on
Todmorden and Oodnadatta Town Common for two re;aggrto understand the resilience of
gibber-gilgai landscapes that have been largely dfdivestock grazing for >15 years and (ii)
to confirm the generality of results from the im@mtion experiment. Each of the 16 sites
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contained five replicates, giving a total of 40 géarplots for each of the intervention and
calibration experiments.

The experimental design for intervention experintead three factors with two levels in each:
(i) grazing exposure — on-going (control), relaxedatment); (ii) existing grazing intensity —
relatively heavy grazed (0.2 —1.5 km, near), lightl negligible grazing (> 4 km, far) and (iii)
times — before and after waterpoint interventioppfximately 80 to 100 head of cattle per
waterpoint sustained ‘on-going’ grazing exposumirffduce grazing relaxation, all cattle were
moved off the waterpoint (closure) in September&80d remained that way for the duration
of the study. The very low densities of kangargwsljably due to dingo predation when
compared with Todmorden on which dingoes were aatyupoison bated) and negligible feral
herbivores meant grazing relaxation was maintaiég controlled for grazing intensity to test
the assumption of grazing decreasing with distdrare water. Although several studies have
shown it to be sound, the fact that gilgais carcfiom as semi-permanent water sources and
induce grazing relaxation at permanent waters mgameeded to confirm the existence of
grazing gradients.

The calibration experiment had two factors with tewels in each: (i) grazing exposure — long-
term grazing relaxation (> 15 years) (treatmeit);-going grazing’ (control); and (ii) grazing
intensity — relatively heavily grazed (0.2 — 2 krarh permanent waters), light grazing (>4 km
from permanent waters). Distributions of feral hheobes and kangaroos were very sparse.

All sites were randomly chosen in homogenous gHgfilgai away from gidgee drainage lines,
with equal representation of relatively small aadje gilgais on across rises and on plains
(Table A3. Although the landscape context of thessvaried within a hectare, the cover of
gibber pavement, puffy clay, gilgai depression dmadd pan’ were represented evenly in
similar relative proportions (Table 2).

Sampling design and techniques

We stratified sampling to control for differencesplant productivity due to rainfall
seasonality. Sampling of the intervention sites plaaned twice before and after the
intervention under no plant productivity (dry cameih) and observable plant productivity (in
response to rain), giving a total of four visithelexpected total number of samples for all
intervention sites is 160 but is presently 140 gample is outstanding. Sampling took place
before the intervention in June/July 2007 (autuhamipproductivity) and November 2007 (no
plant productivity). Cattle were removed in Septem®008 and the first ‘after’ sample
occurred March 2009 after moderate rains in Noverabhd December 2008 (summer plant
productivity)(Fig. A4). We hope to complete a ‘nlat productivity’ sample in
July/August/September. Calibration sites were sarapber “no plant productivity” and “light
plant productivity” (low rainfall) in March 2007 drOctober 2008 respectively. This makes
two visits in total. These samples were supportethb rainfall seasonality experiments. The
total number of samples for all calibration sitessv80.
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Table 2. Variation in landform characteristics of replicates for each level of each factor for the waterpoint intervention and calibration experiments. (1. Landform and 3. Gibber size
are presented as % cover classes: 1= <5%, 2=5-25%, 3=25-50%, 4=50-75%, 5= >75%). Characteristics of each replicate were mapped within a hectare grid with the centre of the
gilgai as the centre point of the grid. Cover percentages across characteristics do not add up to 100%. ‘Puffy clay’ is very fine loamy, clay soil, gilgai depression is the ‘bowl-like’
shape of the heavy, cracking clays and ‘hard pan’ is the ‘claypan- like’ bare surface. Intervention Experiment: C — control, on-going grazing; T — treatment, grazing relaxation, N —
near, relatively high grazing intensity; F — far, relatively low grazing intensity)

Characteristic

1. Landform

Plain

Rise
. Min-max Slope
. Gibber size

Pebble (5 - 50 mm)

Cobble (51 — 250 mm)
. Min-max gibber cover (%)
. Min-max ‘puffy clay’ cover (%)
. Min-max ‘gilgai depression’ (%)
. Min-max ‘hard pan’ cover (%)
. Distance from water (km)
. Historical grazing history

w

© 00N OB~

10. Present stocking rate
(cattle/water)

Waterpoint Intervention Experiment

Calibration Experiment

Harry’'s Tank Sites (H & M)

Duckhole Bore Sites (D@

Braedens Sites (B)

Oodnadatta Sites (O)

HCN HCF MCN MCF DTN DTF CTN CTF BCN BCF BTN BTF OCN OCF OTN OTF
5 5 5 5 5 5 5 0 0 0 0 5 5
0 0 0 0 0 5 0 0 5 5 5 5 5 5
-1-2  -1-3 -1-0 -1-B 0-2-1--5 0-3 0-3 0 -1-0 -5-1 -2-1 0 0 0 0
5 5 5 5 5 0 5 5 5 5 0 4 5 0 5 0
0 0 0 0 0 5 0 0 0 0 1 ( 0 5 0 5
42-83 54-89 42-83 54-8H2-74 70-80 51-70 60-74 50-80 60-80 30-82 50180 -8B0 45-60 30-60 50-85
2-17 5-27 1-12 ®- | 2-11 5-10 10-25  5-50 8-40 2-22 5-19 0-20 10-40 -480 35-60 15-50
2-13 2-21 1-10 -93 5-16 4-37 5-50 4-26 5-20 3-19 7-19 3-50 5-15 55-1 5-40 15-60
5-19 0-13 2-13 5-14 2-16 1-15 2-15 2-15 0 0-1 0-1 0-10 0-10 0-1 0-15 -10
05-1 6 05-1 4 015 7 05-1 6* ~0.3 5 0.5 5 ~0.5 7 0.2 7
Negligible  Semi-permanent Bore installed in Negligible Up to 500-600 Up to 500-600 | Up to 300-400 Up to 300-400
grazing until waterhole 2 km| 1940s, up to grazing tank head of cattle head of cattle | head of cattle, head of cattle,
tank aboutl0  to MCN, upto | 500 head after installed about from 1890s from 1890s horses, donkeys, horses, donkeys,
yrs ago 500 head after big rains 10 yrs ago. goats and goats and camels
big rains. Tank camels from from 1890s
about 10 yrs old 1890s
80 — 100 80 - 100 80 — 100 80 - 100 Stocked with Infrequently Stocked since Little grazing

100 head of
cattle for 90%
of time centred
on South Gap

Bank Dam

stocked since

1980s by100

head of cattle
forupto 2

mol/yr

2002 with 50-60
head of cattle
centred on
Clarrie’s Tank

since 1960s with

40-50 horses and
some cattle

centred on water
>8km away

* large semi-permanent waterhole at about 2 km ftmemearest site filled up after rain in June 2007.

[Biodiversity outcomes from waterpoint management « 15 June 2009, Version 1.0]

27




APPENDIX A — TECHNICAL REPORT

Simple pseudoreplication was minimised as muchoasiple as plots were centred on the
gilgai, which have their own microtopgraphy. Nehetess, macrotopography at the landscape
scale is likely to have an effect within a setigéfreplicates but not between sets because of
the distances especially between the eight sitdgiintervention experiment. In the calibrate
sites, the four ‘near’ sites may be temporal pseglicates if significant rainfall ran-on

through gilgais across the landscape. This is tilady at BCN and BTN replicates as the
gilgais were on slight slopes. However, no sigaificrainfall events (>100 m) occurred during
the study that would create this run-on pattern.

Despite our original intention, it was not possitieentre the plant and fauna sampling on the
same gilgais as the repeated visits of the faumplkiag disturbed the vegetation. Plant plots
were located a close as possible to the fauna ones.

Plant sampling

A 10 x 10-nf plot was permanently pegged out across each giigven parallel transects,
each perpendicular to the longest axis of the gilgere located at one metre intervals.
Percentage cover of each species (along with,litbek, and bare ground) was estimated using
the “wheel point intercept” method, the species @afneach plant intercepted by a wheel point
being recorded along each transect at 75 cm ifge(@aiffin 1989). Where a wheel point

struck more than one species at one point, thiesfiescies struck (i.e. the highest) was
differentiated from the other species. Plants vireckided in species cover estimates even
when dead, but were recorded as litter when nodiorapted in the ground. Species richness
for each quadrat was determined by recording tiheesaof all species identifiable at least to
genus level, including rooted dead plants.

The only consistently-present, dominant, pererpleht species in the quadrats was
nummularia. For each quadrat, the height and foliage aread plant in the quadrat of this
species was determined, area (A) being estimabaad fneasurements of the diameter at the
widest axis (B) and of the perpendicular axisusing the equation A m((D; - D,)/4)%.

Species were classed by palatability: (i) ‘palagkii) ‘highly palatable’ (preferentially grazed
by cattle in all situations) and (iii) ‘highly unigdable’ (unpalatable in all situations) based on a
consensus of the literature and by longevity/lifefdDavieset al. 2008 attached) for the
purpose of summary statistics.

Fauna sampling

Small ground-dwelling mammals and reptiles (exaigdarge snakes) were sampled using a
combination of pitfall and Elliott traps. Thesereeet up four months before sampling in
November 2006 at the calibration sites and comglatéhe intervention sites by March 2007.
Each plot had four 250mm x 400mm plastic bucketstaree 160mm x 500mm pipes set in a
3-pronged star arrangement connected from theatdnicket by 15m of drift fence. The pipe
pits were at 5m from the centre whilst the remajrbackets were set at 10m. Fifteen baited
Elliott traps were set around this configurationtofal of 280 pits and 360 Elliott traps were set
for each experiment on each visit. Traps were opéme7 nights with Elliott traps being
closed during the heat of the day and the bait vexshdo deter ants. Foil shelters (roof tile
insulation) were placed in base of the pitfall &&p protect captured animals from heat and
predators. Animals were temporarily marked withoewolcodes using paint pens to enable
recaptures and movements to be tracked over tppitig period. Animals were handled for
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identification and marking purposes, and releasgmiat of capture. All animals were
measured and weighed to help assess conditionirap# were checked mornings and evenings.

Pitfall traps were left in the ground for the dimatof the study. Large bucket pit traps
(270mm x 400mm) were capped with a plastic budietbl which we screwed a 3mm thick
galvanized steel plate (305mm x 305mm). The smplifee pit traps (166mm x 500mm) had a
double thickness of flywire mesh and a clear ptadish at the base to prevent escapes by
fossorial reptiles and were capped with a 2mm thalkanized steel plate. This plate was
glued to the rim of the pipe using a continuousdb&fasilicone gap sealer. The 4 corners of the
steel plate have been bent down and at two of tbasers the plate will be screwed into the
sides of the pipe to prevent the lid being movBdth types of trap will be covered over with
local soil to reduce the possibility of human iféeence and weathering of the trap materials.

Each replicate was located at distances greater2b@m apart based on published and
anecdotal observations of small mammal and reptdeements to maintain independence
between replicates. This was upheld in the stud®40 sampling events across the
intervention and calibration experiments, indep&cdevas violated twice, one pair of
replicates in each experiment. Temporal pseuda@din was minimised as much as possible
within resource constraints. However, multiple skegafrom each plot were taken
simultaneously for a set of 20 replicates, follovigdanother set of 20 replicates over a 12-day
period. Pseuoreplication is an issue when the ¢lincanditions at replicates vary during the
sampling period thereby influencing the biotic raspes differently. We observed a switch in
climatic conditions only once in the calibratiorpeximents when a dust storm in the second 6-
day sampling period (March 2007) bought rain andel@d temperatures by A@ This
noticeably affected reptile captures.

A pilot study was undertaken to test an approprsampling scale for resident, ground-
dependent birds but was not continued as the $gatife required to obtain a representative
sample was too resource intensive and beyond thebdaies of this study. Invertebrates were
also captured in the pitfall traps but their cdlies was discontinued to allow more effort for
the vegetation sampling component subsequent todtamist leaving the project.

Soil condition

Soil condition was not sampled in further detailtagppeared to be comparatively well
structured right up to the waterpoints (Dr Garryo&,gers. comm.) probably because of the
underlying landscape processes and relatively toeksg rates compared with less arid areas.
Nevertheless, eight same-sized samples (200 gjilofriere collected from each of two
relatively heavy grazed replicates grazed regulanky two lightly grazed replicates which had
been rested from cattle grazing for 6 months utttesame rainfall conditions. The purpose is
to assess microbial activity and do catabolic firafito quantify the resilience of soils.

Statistical analysis

To avoid sacrificial pseudoreplication, no multiglEmples were pooled prior to analysis.
Vegetation

Differences in species composition for differentdtéas (i.e., different grazing exposure and

intensity) were described using 2 or 3 dimensiddDS ordinations (following Clarke 1993).
These techniques were applied to unstandardisaedhfooot transformed density and cover
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data, using Bray-Curtis similarity measure andXaecard measure for absence/presence data.
“Rare” species, defined as those occurring intleas 10% of quadrats (and represented by
less than 20 seedlings over all quadrats in the chseed density), were excluded from the
ordinations. We assessed any discernable sepagatidime rank (dis)similarities of the data by
conducting a one-way ANOSIM and IMDs (index of nudtiate dispersion). SIMPER

analysis was done to understand which levels darted to differences in the factors.
Canonical Correspondence Analysis (CCA) in the SRitistical package was used to
investigate differences between standing herbagegarminable soil seed bank (Davatsl .,
manuscript).

‘Beyond BACI’ analyses of transformed (if appropela selected functional groupings will be
undertaken to test hypothesis about grazing rataxgaf the ‘grazing gradient’ assumption
holds. Power is always a concern with GLM analpsisause of the eventual assumptions but
Bayesian approaches (following Fox 2001) is anaopti

Fauna

A similar multivariate approach for vegetationvaié taken for fauna once all the data is
collected. Preliminary analysis used statisticssfoall sample sizes. Species will be classified
as ‘sensitive’ to ‘tolerant’ species and predictimedelling using information-theoretic
approaches (following Burnham & Anderson 1998; @#r& Brook 2007) to understand
vulnerability to grazing pressure.

5. Rainfall seasonality and soil seed bank

Rainfall seasonality was investigated using glassb@xperiments for ‘winter’ and ‘summer’
growing conditions while holding all other confouingl factors constant. Detailed methods can
be found in the attached report and manuscript did3et al. (2008; manuscript), so we
provide a summary for this report.

Species composition and species density in theigabie soil seed bank was determined using
well-established methods. Soil samples (5cm dianzaté 5cm deep) were extracted at one
predetermined, random distance along each of tveeltransects crossing every quadrat in the
vegetation plot. At each core site, two adjacenias were taken, one for germination under
winter conditions (5-28C & short day length) and the other under “sumneeridition (15-

35°C & long day length). Each set of eleven samples bwdked and spread in a tray 35 cm by
29 cm over 3 cm of steam sterilized potting misuléng in one “summer” and one “winter”

tray for each quadrat. All trays were placed iermaperature-regulated, automatically-watered
glasshouse at Flinders University in Adelaide, umdgural day length conditions.

To overcome potential problems of differentiatedditions within the glasshouse, the
germination trays were randomly positioned andteatdrom one side of the glasshouse to the
other on a weekly basis. “Winter” trays were setrufhe glasshouse in June 2007, seedlings
being regularly harvested, identified to speciegll@nd recorded over the following four
months, up until October 2007. “Summer” trays wagtup in October 2007 and harvested and
recorded until February 2008. Previous to beinggdan the glasshouse, soil was stored in
open bags in the dark and at room temperature{€)2
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All the soil seed sampling was undertaken in M&007, during a severe extended dry period.
Annual rainfall in nearby Oodnadatta the year pdewagthe study (2006) had been only 43.2
mm this being the driest year since records begd®39. In the two and a half months of 2007
preceding the study a further 37 mm had fallenthigt had been confined to early and mid-
January, no rain being recorded in the two monthsquling the study.

Statistical analysis followed those described fiartegetation analysis. Similar biological
variables were analysed for standing vegetatioermesl in the calibration sites and the
germinable soil seed. Germinable seed densityatatsisted of both ‘winter’ and ‘summer’
data combined, this being logarithmically transfedn

6. Spatio-temporal patchiness of gibber-gilgai vege  tation

We investigated the patchiness of gibber-gilgaietation at broader spatial and temporal
scales than our study sites using satellite imagedyconclude by assessing the merit of our
approach. The methods of this work are describefbiail in the attached report by Bastin
(2009), so a summary is provided in this final répo

Two separate remote-sensing analyses were condactéds component of this ‘biodiversity
and waterpoint management’ study.

1.  Very high resolution images were analysed to beitelerstand spatial characteristics of
gilgais for areas within and beyond the field-stsdgs.

2. Historic Landsat images were analysed to buildddilprof change in vegetation cover
across a range of seasonal conditions.

Spatial analysis

In the first study, lkonos and Quickbird images-(Epatial resolution) were classified to map
gilgai structures. Descriptive statistics (medgajisize, nearest-neighbour distance, gilgai
density etc) were then used to build a ‘typolodygibgai types for each study site. Analysis
areas were ~100 to ~1100 hectares (median = 28duhaunding each group of field sites.

Temporal analysis

Seasonal changes in vegetation cover between 172006 were reported using Landsat
imagery (50-m pixel resolution to 1988 and 25-noleson since). Cover change was
calculated for two mapped areas of the ‘chenopadex / Sclerolaena / Maireana spp.) low
open shrubland over sub-shrubs and grasses’ UhiDgpartment of Environment and
Heritage’s survey of the Stony Plains bioregiome@olygon (710 kR) was located on
Todmorden Station and included both the OodnacaidaBreadens field sites. The other was
on Macumba (2285 kfhsurrounding the Harry’s Tank and Duckhole fidtes:
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RESULTS

1. Application of biodiversity condition assessment framework for
waterpoint management

For waterpoint management, we present the resulte@rioritisation assessment, the
management objectives and outcomes, the surrogiatemdicator selection process (Steps 2 to
4) as biodiversity condition (Step 1) is alreadfirted in the Methods. Steps 5 to 7 are not
reported as they can only be applied after a mondggrogram has been implemented for a
considerable length of time. These results areepted as a summary of an overall assessment
for the case study region published by Sneytdl. (2009).

The biodiversity management priorities for the oegivere:
Manage total grazing pressure by domestic, natideferal herbivores across watered
areas so as to avoid further degradation of bioditye production and cultural values.
Manage threats and pressures on species vulneoadkéinction.
Plan infrastructure development to avoid disrupttbnatural surface water flows.

Based on the priority setting, three managemerttooogés about biodiversity condition were
identified for waterpoint management (Table 4):

Native vegetation maintenance or restoration.

No species, population or community losses.

Natural mosaics of water remoteness.

Four biodiversity surrogates for achieving the datbiodiversity condition outcomes for
waterpoint management were identified. No surragatere common across the different
outcomes. The number of robust biodiversity indicafor the whole case study region ranged
from 2 to 21 across the different outcomes for bhiexsity condition, reflecting the diversity of
measures for biodiversity at different scales fitas to landscapes (Table A4). A total of
1,617 assessments of each potential indicatol ({pta49) against each criterion (totaj N
=33) were made for all the desirable outcomes ifdilersity condition: When we applied the
selection criteria to all potential indicators, abbalf (52%) of the indicators for Desired
Biodiversity Condition (DBC) 1 and a third (33%)f0BC 2 were discarded on the basis of
quality. No indicators were discarded for DBC 4eash indicator met our two-thirds ‘rule of
thumb’. The biodiversity indicators for all outcoshen assessed using criteria for five
different categories (CR - conceptual relevange, ®; HD - historical dimension . 2; MQ —
measurement qualities, a 11; FI — feasibility of implementation, & 6; PM — policy and
management,.n= 8) met 48 to 100% of the criteria in total ($8g. 2, Smythet al. 2009b).

HD indicators had the lowest performance overat] iMnen combined with MQ indicators, had
the highest for ‘water remote areas’.

Appropriateness of most indicators, independeth®fcategories of selection criteria and the
outcomes for desirable biodiversity condition, tnetween 47 and 88% of the 33 criteria
(Table 3). Indicators measured at sites for agsgssative vegetation’ and ‘no loss of
biodiversity’ outcomes performed marginally lower GR. The same indicators also tended to
perform marginally lower in terms of their usefudsdor policy and management.
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Table 3. Management objective, desired biodiversity condition outcomes with key biodiversity values and robust indicators for assessing biodiversity
condition after applying selection criteria for each waterpoint management outcome for the Stony Plains Bioregion. The robustness of indicators for each
outcome is shown as percentages of the total indicators and criteria met per outcome, where 33 selection criteria were used in total.

Management objective

Retain or restore (if possib)ethe resilience of ecological communities/habitat®r land types of the stony plains bioregion

Outcomes for Desired
Biodiversity Condition
from waterpoint

DBC1: Native vegetation typical of the
Stony Plains communities maintained
or restored

DBC2: Amelioration of decline in rare and
regionally significant native species,
populations and ecological communities

DBC 3: Mosaic of water remote areas

intervention
Key Biodiversity . Vegetation cover « Endemic and threatened species and + Interconnected tracts of intact
Surrogates . Plant diversity communities ecological communities

Structural complexity

Naturalness (e.g., few, if any, nont

indigenous biota and feral animals
and pre-settlement kangaroo
densities.)

Species that decline when grazed
Significant ecological communities
(gypsum clay plains, stony plains with
gilgais, breakaway hills, drainage lines a
flood plains, arid ranges, stony tableland
with sand mounds)

Pre-settlement densities of dingos
Negligible densities of foxes and cats
Negligible densities of introduced weeds

nd

Robust Biodiversity
Indicators

Within land types:

Mean (or variance) dry-period
vegetation cover

Frequency and cover ébutilon
halophilumat 1.5 km from water
sources

Cracking Index of gilgais systeths
Presence of non-native invasive
weeds

Total grazing presstite

Within land types:

Preferred grazing area of all stock most 9
the time

Number of domestic stock per water
Presencieof feral herbivores

Presenceof dingos or foxes

Presence of non-native invasive weeds
Presence of terrestrial endemic and
threatened species

Presence of aquatic endemic and threate
fauna

Within land types:
fe 9% area remote from water by
length of time
- Density of artificial waterpoints
by age

ned

Status of regionally significant aquatic
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communities of drainage lines an
floodplains

Water quality

CUMSUM (cumulative sum of the
deviation from long-term rain year mean
for rainfall

Seasonality of temperature and rainfall

% of total indicators for 48 (10/21) 77 (14/18) 100 (2/2)
case study region (n out of

N)?

% of criteria met (n =33)° 65-85 47-85 82-88

1 Dry period vegetation cover is the vegetation ctfat is typical after long periods of little oo nain and measured in terms of the % cover, fregudistribution of cover, spatial pattern of loaver areas

according to what is most suitable for the ecolaggommunity.

2 The use of ‘presence of was based on the conssraf reliability, technical effort and cost to aseire the indicator. We acknowledge that the teethmiorkshop members pre-empted the role of the
selection criteria but it had little effect on treerall assessment other then sequencing of a task.

% 96 cover of cracks >1 mm wide within a 2 m radiusmed over 9 radii within each gilgai (clay depi@s{Smyth and Brandle, unpublished data)

“Measured by presence of feral herbivores, kangabondance, preferred grazing area of all stock wfdsie time, productive value of grazed areas, memof domestic stock per water and historical

numbers of all stock and kangaroos per water.

2Proportion of indicators identified for the outcothat met two-thirds or more of the selection ciétéor appropriateness (see Appendix 1)
® Number of selection criteria met out of a totalc3ieria for assessing appropriateness of ecolbgidicators (see Appendix 1)
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2.  Metric design

Australia leads the world with designs of biodivigrsnetrics for stewardships. Biodiversity
conservation planners have embraced environmeeiahsdships as an additional tool for
managing biodiversity on private holdings as thayehprovided a standardised approach for
comparative assessment of existing ‘biodiversigysicance’ and its potential improvement.
More recently, these metrics have been modifiemst®ess biodiversity condition. However,
with all new advances come its detractors. Wildiifelogists, working at the science end of the
science-planning spectrum, are concerned aboutas@tisleading biodiversity conservation
decision-making because a single number hides tapobiological information that may be
critical for decision-making. To date, the planniease used biodiversity metrics virtually
unchecked but calls for a dialogue via the AustralCentre for Ecological Analysis and
Synthesis (ACEAS) highlight the concern.

In summary, key generic findings of our review afdoodiversity metrics applied for
environmental stewardships (and biodiversity caaditnore recently) were:

The metrics are applied either as standalone thadse embedded within multimetrics for
environmental stewardships.

The general structure of metrics are based on siagahiree properties: (i) the

‘biodiversity value’ of places under current maraeget, (ii) ‘improvement in its value ‘(or
public benefits) expected from management charaes $pecified term and (3) the area or
extent of management change. Assessments of ghéviio properties are context-
dependent and are likely to change from placeaoelThis raises questions about the
generality of metrics for comparative purposesapples’ may not be compared with
‘apples’.

Three broad surrogates are commonly used to asgissisig biodiversity and its value at
three scales. (i) measures of ‘biodiversity condit(the quality of critical habitat and
other resources required by biota) at the sitdl |€Webiodiversity of a site relative to its
position in a broader landscape context, anddaiservation significance of biodiversity
at a regional scale.

The second parameter of ‘anticipated improvemebitadiversity’, is mostly estimated
using averages or ranges for indicators of ‘biodiitg condition’ (vegetation condition) at
ecologically similar ‘benchmark’ sites that havelmalatively little human disturbance.
Data are collected for the same indicators useds$ess existing biodiversity value. This
parameter has proven problematic to estimate $iatlsbme developers have dropped it
completely.

The use of biodiversity metrics in environmentahairdships is not evidenced-based as no
stewardship programs in Australia have run longughdo monitor and evaluate
biodiversity outcomes. In the interim, sophistichéad scientifically defensible designs are
paramount.

Good metric design is only as good as the stewgrdigsign. Strategic planning (purpose,
expected outcomes, management objectives, capacigsential for good metric and
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policy design. These steps help to identify biodditg surrogates and indicators for
measuring potential outcomes. Many stewardshipsvagtdcs are designed in isolation to
other NRM planning initiatives with little strategplanning but this is improving (e.qg.,
Grassy Box Woodlands Stewardship).

Indicators/measures to assess ‘biodiversity valaed’predict improvements in
‘biodiversity condition’ are not critically reviewdefor conceptual relevance, historical
dimension, measurement quality and policy and memagt utility. Their efficacy often
goes unchallenged for the sake of convenience.

Benchmarking to show change in ‘biodiversity coiudit has been debated since the
inception of biodiversity metrics. Key issues cerdn the reliance of a relatively “natural”
site for comparative purposes. This can be overdoyrteaving many benchmark sites (e.g.,
BioMetric) but they must be reasonably homogenemasthe best on offer. Other issues
relate to measurement quality.

Most dissatisfaction with metrics is the lack @rtsparency in decision-making. Even if
the most sophisticated scoring methods are usadcméand multimetrics) condense
important information that may be valuable in makéecisions but it does not support
transparency in decision-making. If contested lgg#iey may not hold up in court as they
are based on many untested assumptions about érsiiyvand its dynamics.

In summary, key findings of metric design spedifiche arid rangelands were:

Vegetation productivity drives animal responses etwbystem services in the arid
rangelands, consequently, vegetation conditiontvélan important property of a
‘biodiversity significance’ assessment.

Many remote sensing technigues exist for measweggtation cover and its temporal
changes but the efficacy of these approaches thgbtgiodiversity remain equivocal.

Benchmarking has real potential in the arid rampidebecause of its relative intactness.

Grasslands and low open shrublands of the aridetands make it difficult to build on
existing indicators used in biodiversity metrics.

Measures of landscape context used in existing\mosity metrics will be of little value in
the arid rangelands as it is relatively intact canepl to areas where most metrics have
been applied. Instead, measures to water remat@mag prove a more useful way of
contextualising a site in the overall landscape.

Rainfall seasonality via soil moisture drives vedjein productivity. Rain varies decadally,
annually and daily from place to place; it is stasfic in every respective and highly
unpredictable. No metric has been (ever could begldped that captures such dynamics
as vegetation growth, ecological processes andadsitinat pulsate erratically to rainfall.
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3. Waterpoint field experiments

Plant identification for the last two visits remsito be confirmed by the SA Herbarium, so
analyses are not presented at this stage. Praliyniasults on standing herbage for one field
visit in the calibration sites (March 2007) as parthe rainfall seasonality work are presented.
More detail can be found in Daviesal. (manuscript). We present these vegetation results
recognising that they may change when the secanglsaafter small rains in October 2008 is
included.

Fauna sampling is incomplete and may change withduresults and more detailed analyses.
Nevertheless, we present some preliminary resualth® small ground mammals and reptiles.
A full report on the preliminary fauna results tsaghed in Brandle (2009).

Vegetation
0] Standing herbage (one sample) and soil seedbank

A total of 108 species were recorded standing aride germinable seedbank. All of these
species were indigenous natives with the excemtidhree exotic ephemeralBdstraria

pumila, Polygonum aviculare, Centaurium spicatum) which were confined to only 30% of

plots. The majority (81%) of indigenous speciesensnort-lived, 70.5% being ephemerals and
10.5% short-lived perennials. Only 17 species nftr-lived perennials were recorded,
consisting of ten shrub or dwarf shrub speciesgeiss species, and one sedge.

Of the 108 species recorded overall, only 63% wéserved in the above ground herbage due
to the dry conditions in the field (Fig 5). In dactiar, only 65% of a total of 54 ephemeral

forbs were detected in the field. In contrastpall two of the 28 grass species were detected in
at least one quadrat over the two sites, desmtemh conditions. No new short-lived or longer-
lived perennial species were found in the seedbizatkwere not already observed above the
ground overall. However, new species for individpialts were found that were not observed in
the field. Three new short-lived ephemerals andratescribed species Bba grass was
discovered.

Short-lived and non-native forb species were graatthe seedbank than was observable in the
field (Fig 5A). Of interest was the paucity of penél species in the germinable seed bank.
Two species listed as significant at the national state level (Briggs and Leigh 1996; Barker
et al. 2005) and a further species listed as rare adttite level (Barkegt al. 2005) were
germinated out of the soil seed bank.

(ii) Standing herbage species cover compared witlfseedbank

Native vegetation covered 18.2% of the ground é&tet [10.5% (Fig 6A). Exotic species were
absent from the standing herbage. Longer-livedrpeat shrubs and dwarf-shrubs dominated
the vegetation (11.3% cover), with nummularia the main shrub (10.4%). Perennial grasses
and were very sparse contributing only 1.6%. Siryilahort-lived grass and forb cover were
very sparse at 3.2% and 2.2% cover respectively.
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Of the seed that germinated, 83% was from shoedliephemeral forbs, and 13.2% from short-
lived grasses and sedges (Fig. 6B). Only 1% of geealinating was from long-lived perennial

shrubs and dwarf shrubs, and 1.6% from perennéasgrs. Exotic species made up only 0.6%

of all germinating seed.
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Figure 5. Species richness for different longevity/lifeform and palatability classes, and for
different treatments: A) Above-ground herbage, B) Germinable soil seedbank for grazing
exposure (on-going grazing -grazed, relaxation-control) and grazing intensity (relatively heavily
grazed-near, lightly-negligible grazing-far) for the calibration sites during one visit, March 2007
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Figure 6. Abundance measures for different longevity/lifeform and palatability classes, and for
different treatments: A) Percentage cover of above-ground herbage, B) Density of germinating
seed from the soil seedbank for grazing exposure (on-going grazing -grazed, relaxation-control)
and grazing intensity (relatively heavily grazed-near, lightly-negligible grazing-far) for the
calibration sites during one visit, March 2007.
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(iii) Responses to grazing exposure and intensity

The assumption of a grazing gradient was upheldtaonding herbage « 0.05) in standing
herbage between sites near to watering points cadpeath water remote sites, in relation to
total plant species composition (see Fig. 5 in Bs&ti al. manuscript), cover of all species
(Fig. 6, in Daviest al. manuscript), long-lived species composition (Fign Davieszt al.
manuscript), short-lived species composition (Feg8), and short-lived species cover (Fig. 9,
in Davieset al. manuscript) for one sample in March 2007 aftergldry period. In
comparison, no significant differences were foumdesponse to either of these variables in
relation to species composition and seed densityarsoil seedbank. No significant cross-
fence differences were found for any of theselaites.

Analysis using linear mixed-effect models indicatiedt no significant differences in soil seed-
bank species-richness and seed-density; and alvouadyspecies-richness and percentage-
cover between treatments (Figs 2-3, Daetedd. manuscript). This applied to soil seed-bank
species-richness and seed-density; and above-gsp@uies-richness and percentage-cover.
This was also true for the average height and @ireadividual Atriplex nummularia shrubs.

An interesting observation was that the ephemea@lydRhodanthe stricta, which was absent
from the soil seed bank (and above ground herbestga) relatively heavily grazed sites subject
to long-term, on-going grazing at the Braeden sites

(iv) Reliability of species richness as an indicdto condition assessments

No significant correlations existed between abonmigd species richness and soil seed bank
species richness. The only exception was spedksess values for above-ground forbs and
“highly palatable” species, both of which were piosly correlated with the species richness
of “highly palatable” species in the soil seed hank

Mammals

A total of eight mammal species were recorded acites 80 sample arrays in the 4 study areas.
Only four of those species were common to all dtareas (Table 4). Three species were
recorded twice or less and were excluded from arthér analysis as vagrants of the gibber
gilgai habitats sampled within the 4 study areas.

For the following analyses species data from theplicates within each of the 16 sites have
been combined. The maximum number of speciesdedaat any site was 5 (at 1 site) over a 6
night trapping visit, the average number of spebggag 1.5 with a median of 1 for all sites and
visits (n=200).

(1) Species richness and grazing gradients

No trends were discernable for combined speciémeiss (for replicates) in response to
different grazing exposure and intensity for thewention and calibration sites. (see Figs. 1
and 2 in Brandle 2009). Species richness was radiigéower during the first visit to the two
study areas. When data were combined for grazipgsexe to test the assumption of a grazing
gradient, there was no apparent difference betwgrmes for gradient during any sampling
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period at the intervention (Macumba) and calibrasdes (Todmorden) (see Figs. 3 and 4 of
Brandle 2009).

Table 4. Mammal species abundances recorded within each study area. Braeden’s and
Oodnadatta had two visits, whilst Duckhole and Harry’'s had three with one visit still required

Braeden's  Oodnadatta Duckhole Harry's

Species Paddock Common Bore Tank Total
Sminthopsis macroura 39 34 218 103 394
Leggadina forresti 9 8 34 43 94
Sminthopsis

crassicaudata 16 7 22 24 69
Planigale gilesi 7 11 20 38
Planigale tenuirostris 4 8 1 6 19
Mus muscul us* 1 1 2
Pseudomys australis 1 1
Pseudomys

hermannsburgensis 1 1
Total 68 65 287 198 618

* non-native invasive species

(i) Productivity and grazing gradients

Relative abundance of small mammals from trappasglis was used to compare productivity.
No trends in a range of abundance measures arrigigie in response to different grazing
exposure and intensity for the intervention andébcation sites or by visits (Brandle 2009).
Productivity was much greater during visit 3 at ithtervention sites, which appears to be a
response to rainfall (Fig. 4; Fig.15 in Brandle 2P0 he significant differences between the
first and other visits (see Fig. 13 in Brandle 20@0these sites may be related to a very dry
2006 prior to the first sample in June 2007 as rdasyurids (which comprised the majority of
individuals) breed in winter and spring and theipplations would not have had the
opportunity to responded to the February, Marchidag rainfall during 2007, whereas
production following these rainfall events could/@grovided impetus for breeding before
visit 2 in November 2007.

(iii) Individual species abundance and grazingnst®y (near-far) comparisons

Comparison of individual species highlighted difiece in response to presence of permanent
waterpoints and associated impacts. These andigsesbeen restricted to the intervention
(Duckhole and Harry’s Tank) sites for before (Jand November 2007) the intervention
(September 2007) because of the lower abundandhe other study areas.

The main observable trends welreggadina forresti more abundant at lightly grazed sites,
Sminthopsis crassicaudata andSminthopsis macroura more abundant at relatively heavily
grazed sites. There was week support for thesdgrie some sites within the pre-treatment
visits, but support was weaker in the single postinent visit (refer to Table 3 and 4, Brandle
2009).
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(iv) Relaxation from Grazing Analyses (Interventites only)

As only one sample has been undertaken post gregliagation (compared with 2 pre) only a
preliminary analysis can be performed. Given thelarities in average abundance between
Visit 2 (on-going grazing) and Visit 3 (grazingarhtion) only these two visits will be included
in the following analyses. Earlier analyses intkdhiat mammal species richness is unlikely to
show a measurable response. The differences ioneep in total relative abundance vs.
averaged relative abundances indicate more detailalysis is required.

The data indicates a significant increase in smalinmal abundance following cattle removal
from all sites (including relatively heavily andltly grazed sites) (Fig. 7). The difference
between pre and post intervention samples in the@osites where grazing was maintained
were not significantly different, despite substalfyi higher rainfall prior to the post-
intervention visit when compared with the pre-imtation visit (Fig. 8).
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Figure 7. Mean small mammal abundance pre and post cattle removal for near and far sites. Pre
treatment — on-going grazing, Post treatment —cattle removed. ‘Off’ indicates waterpoint closure
= Post treatment. ‘On’ — Pre-treatment
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Figure 8. Average small mammal abundances pre and post cattle removal for near and far site. Pre
treatment — on-going grazing, Post treatment — cattle removed. (Grazing relaxation sites (treatment) - D
prefix, on-going grazing sites (control) — H prefix)
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Reptiles

A total of 20 reptile species were recorded actios$30 sample arrays in the 4 study areas.
Only four of those species were common to all diptreas (Table 5). Seven species were
recorded twice or less and were excluded from arthér analysis as vagrants of the gibber
gilgai habitats sampled within the 4 study areas.

Table 5. Reptile species abundances recorded within each study area. Breaden’s and
Oodnadatta had two visits, whilst Duckhole and Harry’'s had three with one visit still required

Breaden’'s Oodnadatta Duckhole Harry's

Species Paddock Common Bore Tank Total
Tympanocryptis

tetraporophora 24 124 95 53 296
Menetia greyii 22 52 153 16 243
Ctenotus olympicus 44 16 10 19 89
Lerista muelleri 12 11 41 6 70
Heteronotia binoei 19 13 9 15 56
Ctenotus strauchii 4 24 6 34
Cyclodomor phus venustus 2 3 22 2 29
Diplodactylus tessellatus 4 4 6 9 23
Tympanocryptis intima 1 16 1 18
Suta suta 2 5 2 1 10
Delma australis 1 1 3 5
Diplodactylus byrnei 3 1 1 5
Eremiascincus richardsonii 2 2 4
Pogona vitticeps 2 2
Ramphotyphlops endoterus 2 2
Rhynchoedura ornata 1 1 2
Ctenotus schombur gkii 1 1
Ctenotus sp. 1 1
Ctenotus taeniatus 1 1
Pygopus lepidopodus 1 1
Total 137 238 380 137 892

Species data from the 5 replicates within eachhsitee been combined. The maximum number
of species recorded at any replicate was 7 (a&)l @ver a 6 night trapping visit, the average
number of species being 3.2 with a median of &afiospring and autumn samples (n=160). The
intervention sites were sampled in winter (June72@n visit 1. The maximum number of
species recorded at any one replicate was 3 aravdrage was 0.95 with a median of 1.

(1) Species richness and grazing gradients

As for mammals, no trends are discernable for coetspecies richness (for replicates) in
response to different grazing exposure and intgf@itthe intervention and calibration sites.
(see Figs. 16 and 17 in Brandle 2009). The diffeesrbetween visit 1 (June 2007) and visits 2
and 3 (November 2007 and March 2009) at the intgime sites (Macumba) can be attributed
to the cooler conditions during winter. At the badition sites, it can be attributed to the sudden
cold change toward the end of March 2007 that Baaitly suppressed reptile activity.
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(i) Productivity

As for mammals, no trends in a range of abundareasuores are evident in response to
different grazing exposure and intensity for thietimention and calibration sites or by visits
(Brandle 2009). The higher abundances observdtkigfring sample (November 2007 -Visit
2) at the intervention sites may reflect higheelewof activity for reptiles at this time of the
year as most reptiles breed at this time of the.yBg autumn (March 2009 - Visit 3), breeding
activity has ceased and mature populations of spweies suffer significant die back over
summer. The very young hatchlings that are presethiis time of the year are less mobile and
more timid, so sampling may under-represent thesladijpn when compared to a spring
sample.

(iii) Individual species abundance and grazingnsty (near-far) comparisons

Comparison of individual species highlighted diffiece in response to presence of permanent
waterpoints and associated impacts. These andigsesbeen restricted to the intervention
(Duckhole and Harry’s Tank) sites for before (Jand November 2007) the intervention
(September 2007).

A number of species appear to show response tforthémity of waterpoints. Those with
significantly @ = 0.05) higher abundance in lightly grazed siRr&: treatment Ctenotus
olympicus, Heteronotia binoei and Post treatmentCyclodomor phus venustus. One species,
Ctenotus strauchii, was significantly more abundant in relatively Yigagrazed sites both Pre
and Post treatment.

The lack of significance in trends for two of thgesies across all visits highlights the
variability of fauna responses in the region oumet exacerbating the problem of small sample
sizes. Comparison of mean abundances was predhetdedise of low numbers for species
highlighted through the Chi squared analyses.

(iv) Relaxation from Grazing Analyses (Intervemtisites only)

In contrast to the small mammal data, the repblen@ance following intervention did not
increase at sites. Instead, abundances decreage8)(FThis most likely reflects timing of the
samples. The pre sample in November took placegtine most active period in most reptile
species annual activity cycle where the post sampkin March when activity has decreased
substantially. However, the only sites where thidmmreases were significant coincided with
control near and far sites where there was no aélax of grazing. (Fig. 10). The patterns in
reptile response do not closely mimic the raindalfia in each sample area indicating that
release from grazing may be partially responsibidlie significant decrease in abundance
where cattle grazing was maintained.
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Figure 9. Mean reptile abundance pre and post cattle removal for near and far sites. Pre
treatment — on-going grazing, Post treatment —cattle removed. ‘Off’ indicates waterpoint closure
= Post treatment. ‘'On’ — Pre-treatment.
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Figure 10. Average reptile abundances pre and post cattle removal for near and far site. Pre
treatment — on-going grazing, Post treatment — cattle removed. (Grazing relaxation sites
(treatment) - D prefix, on-going grazing sites (control) — H prefix)

4. Rainfall seasonality

Overall it was found that of all seed germinatioger twice as much (69%) germinated under
“winter” conditions than under “summer” conditio(®L%). This was due to the majority
(78%) of forb seedlings germinating in winter, & @4% of seedlings of long-lived perennial
shrubs. Ninety eight percent of all exotic seedcWigerminated did so under “winter”
conditions as did 66% of seedlings of “highly palde” species, and 66% for “unpalatable”
species. However, 81% of grass seed, which geradrexherged under “summer” condition. A
full species list of ‘winter’ and ‘summer’ respogsean be found in Tables 1 and 2 of Dawes
al. (manuscript).
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5. Spatio-temporal patchiness of gibber-gilgais veg etation data
Detailed results of this work are presented inattached report by Bastin (2009).

Spatial analysis

Difficulties in precisely classifying gilgais anénfying results on the ground prevented
accurate maps of gilgai shape and location. Theispatial statistics presented are only
indicative. Nevertheless, there were consideraifferdnces in gilgai-type between sites (e.g.
size and separation, see Figure 11) and thesedtiffes need to be accounted for when
interpreting field data.

120 14

I median patch size (sq m)
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Oodnadatta Breadens Duckhole HarrysTank

Figure 11. Median size (sq m), and density (humber per hectare) of gilgais at the four study
sites.

In summary:

« Descriptive spatial statistics indicated that thalgsed area surrounding the
Oodnadatta field sites had a higher density (nurpbeha) of smaller gilgais (both
mean and median area) that were located closethiergeompared with treatment
areas at other sites.

« Harry’'s Tank sites had a relatively low densityarfyer gilgais that were located
further from each other. This analysis area catgcamost strongly with the
Oodnadatta area.

« Analysis areas surrounding field sites in the Beséslarea had intermediate
characteristics for the spatial distribution ofsddied gilgais. Classification results
were less certain for this analysis region.
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e There was a strong contrast for the two areas sedlsit Duckhole (Treatment areas
close to and further from water). The ‘Near’ ahea a lower density of larger gilgais
which were further apart compared with the ‘Fagar

A separate analysis based on the lacunarity indggests some differences in the uniformity
of gilgai distribution amongst sites. (The laclityaindex provides a measure of the
distribution of ‘holes’ or ‘gaps’ in a spatial grjih this case, classified gilgais]). Analysis &ea
close to water at Oodnadatta, Treatment sitesadd®@mn’s and the complete set of Harry’s
Tank sites were relatively ‘gappy’ in terms of gilglistribution. Gilgais appeared to be more
uniformly distributed for polygon areas furtherrfravater at Oodnadatta, on Braeden’s Control
sites and at Duckhole (Treatment) sites.

Temporal analysis

Seasonal changes in vegetation cover between 172006 were reported using Landsat
imagery (50-m pixel resolution to 1988 and 25-nohatson since). Cover change was
calculated for two mapped areas of the ‘chenopadex / Sclerolaena / Maireana spp.) low
open shrubland over sub-shrubs and grasses’ UhiDgpartment of Environment and
Heritage’s survey of the Stony Plains bioregio®ne polygon (710 kfjywas located on
Todmorden station and included both the OodnadaitieBreadens field sites. The other was
on Macumba (2285 kfhsurrounding the Harry’s Tank and Duckhole fidtes:

500 160

rainfall previous 6 months
450 4 B rainfall previous 12 months + 150
—&— Todmorden PD54

400 T 140

350 - + 130

300

[N
N
o

PD54 Cover Index

250

200

Cumulative Rainfall (mm)

150 A

100 A

50 1

Figure 12. Spatially averaged vegetation cover as indicated by the PD54 index for the chenopod
— low open shrubland vegetation type on Todmorden station. Rainfalls recorded at Oodnadatta
for the 6 and 12 months prior to acquisition of Landsat images are also shown.

In summary:

e Historical levels of vegetation cover were indichbg two indices, PD54 and STVI
(stress-related vegetation index). The PD54 indexbeen used extensively in central
Australia to monitor cover. STVI was developed exacently and can only be used
with Landsat TM data (i.e. image dates since 1989).

¢ Qualitative assessment showed that the PD54 inade® maliably indicated vegetation
cover for the Oodnadatta region (compared with $T\Bloth indices were validated
by comparing spatial patterning of index valueswisual interpretation of hyper-
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spatial true-colour imagery (i.e. Ikonos and Quidklimages). PD54 values extracted
for the locations of field sites better conformeithveover levels indicated by
landscape photos than was the case for the ST¥kind

Some cover data were collected at field sites asarements were restricted to
gilgais. This meant that the data were not suffitly extensive to validate either index
at landscape scale. Robust validation of vegetatidices requires more extensive
ground-based measurement of cover stratified ®different landscape components
(gilgai, gibber pavement, gidgee-lined watercouraas other cover types). These
measurements should be contemporaneous with treshtimage used for
comparison.

Cover trends were determined for mapped areasafitbnopod — low open shrubland
vegetation type on Todmorden and Macumba. Availdhindsat data were more
continuous through time for the Todmorden arearasdlts are summarised here
(Figure 12) in preference to the temporal trendMiacumba. Spatially-averaged cover
(as indicated by PD54) remained relatively stalelevieen 1974 and 1994, and then
was much more variable over the next 10 years.eCdeclined appreciably in late
1997 then increased to the highest level recordibalfing wetter years in 2000 and
2001. Cover then declined over the next two y@agsearly 2004) to match the low
level present in late 1997.

It is likely that seasonal variation in rainfallcaunted for most of the change in cover.

Despite dry conditions in 2004 and early 2005 ¢rér to the March 2005 image
date), cover indicated by the PD54 index incredsdsk slightly below the level
present through the 1980s and early 1990s. Avaraggr in early 2006 was similar

(to 2005) following approximately median rainfadrfthe preceding 12 months. This
suggests that the chenopod — low open shrublanetatign type on Todmorden retains
good resilience in terms of the capacity of vegetatover to respond to rainfall.

It was not possible to make ecological sense ofigén cover based on the stress
related vegetation index. The index probably de#ably indicate moisture stress but
the spatial patterning of index values does natadiorelate to that of cover. Index
values increased and were at their maximum (iasstlstress) on the Todmorden area of
chenopod — low open shrubland in the early pattisfdecade at the end of a notably
wet period when vegetation stress should have trésimal.

This historical pattern provides important contiextinterpreting vegetation data collected on
the ground.
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DISCUSSION

The use of artificial waterpoints by livestock dadgs habitats and can reduce biodiversity over
time in the arid rangelands. Waterpoint intervami{je.g., closure) has been proposed as a
management strategy benefiting arid biota througligg relaxation (Landsbegyal. 1997;
Nobleet al. 1998; Jamest al. 1999). However, it is well recognised that aridieEmnments are
driven by a cascade of spatio-temporal, patchy myesinitiated by rainfall. At the beginning

of this report, we posed the question as to whethepossible to assess biodiversity outcomes
from waterpoint intervention in such changing psttandscapes of the arid gibber-gilgai

biome. Although our field studies are not complete,are cautiously confident that it is
possible provided the assessment is strategiclihynpd and the on-ground measures of change
are scientifically defensible. Despite their appaahe planning level, metrics will need to be
sophisticated and incorporate stochastic procaedas useful in waterpoint management. How
then can outcomes from waterpoint manipulationadsessed for biodiversity conservation
planning purposes in such dynamic systems? lfishi@ssible, then opportunities exist for
managing resilient, relatively intact arid landsesffor grazing and biodiversity protection in a
dynamic way by relaxing patches of vegetation iacgpand time. We discuss these
opportunities in relation to our results in ternfishe science and waterpoint management for
biodiversity outcomes. We recognise other socigientc outcomes should be given equal
attention (pastoral values paper) but it was oatsii@ scope of this study.

Science underpinning waterpoint interventions and biodiversity outcomes

Standing herbage (one sample) and soil seedbank

The present study indicates the importance of alisfasonality in driving gilgai vegetation
and fauna productivity in arid central Australiealso demonstrates the resilience and
uniqueness of the gibber-gilgai biome for consapdrrange of ephemeral wetland plant
species; communities which are critical for aniswdvival. Although strong indications, both
of these are inconclusive due to the preliminatyreaof our analyses.

Despite long-term grazing which historically hagihdeavy in places, the gilgai communities
have retained a relatively high species richnessrége >31 species per 106)nNo

significant differences were found in above or belpround species richness between areas
which were relatively heavily grazed compared gty grazed areas, and between areas
which were consistently grazed compared with arest®d from grazing for more than 15
years. The same applied to vegetation cover artidmesity. The widespread presence of
Oodnadatta saltbugh nummularia ssp.omissa appears to provide resilience to the gibber-
gilgai plant community. This shrub is relativelypatatable and appears to provide protection
to more palatable ground strata species. The pesitirrelation between Oodnadatta saltbush
cover and “highly palatable” species cover andpbsitive correlation of total long-lived shrub
cover (predominantly Oodnadatta saltbush) withl tptass/sedge cover and short-lived species
cover is further evidence of the functional roleG@idnadatta saltbush in the biome. Both
Oodnadatta saltbush and that of total long-livedilsé generally, were also found to be
positively correlated with above-ground, long-livggss species-richness.

Another attribute contributing to the conservatsignificance of arid zone gilgai landforms is
that they provide ephemeral wetland habitats trepeoductive following minor rainfall
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events (<25 mm) because of the large impermeabtérc@nts that the surrounding gibber
pavements provide. They also appear to be relgitreslistant to weed invasion in comparison
to ephemeral arid wetlands in riparian systemsglwvhan be rapidly colonised by weeds
(e.g.,buffel grass) due to the presence of contisunelts of suitable habitat and the effect of
stream flow as seed dispersal agent. In contréggig occur as more isolated, discrete wetland
chains separated by barren gibber plains. Sevamtept of quadrats were free of exotic
species, and such species made up only 0.6% séedls in the germinable soil seedbank.

Previous studies of semi arid rangelands have fthaicthe presence and composition of the
perennial grass component of the ground stratuarédiable indicator of range condition (e.g.,
Ashet al. 2001). Evaluating biodiversity condition by meadsgrmperennial grass abundance
and composition cannot be used for gibber-gilggetation in arid central Australia. We found
that of the 108 indigenous species recorded attigty site, only six were perennial grasses
with high variability in numbers of perennial gragsecies between similarly grazed adjacent
sites. More interesting, perennial grass coveramest only 1.6% and was also highly variable.
Unlike Atriplex vesicaria in the southern chenopod rangelands, Oodnaddtiasia is not a
reliable indicator. No significant differences iover were found between gilgais in heavily
grazed compared with lightly grazed areas, or betwmnsistently grazed areas compared to
areas rested from grazing. This also applied t@tteeage height and area of individual
Oodnadatta saltbush plants. Oodnadatta saltbushirhalsundance of meristems on the woody
stems and can readily regrow after complete defolicand also appears to be long lived,
suggesting it can tolerate heavy grazing at thensity levels experienced at our study sites.
Investigation of nearby similar landform and sgje that were within 1 km of historically
heavily utilized waterpoints, indicate that thiggranial shrub layer can be completely removed
from the landscape and that its return is unlikelger contemporary grazing management or
complete removal of grazing.

We found short-lived plant species to be similamportant in arid zone gilgai communities.
Eighty one percent of all species recorded fronsthdy site were found to be short-lived and
71% ephemeral. This included the four plant spegie®nservation significance recorded
during the surveyBrachyscome ciliaris var. subintegrifolia, Brachyscome eriogona,

Sclerolaena blackiana, Poa sp. nov.) all of which were ephemeral. This indésathe

importance considering ephemeral species when isigithater-focussed grazing in arid
rangelands. The monitoring of grazing impacts dmeemeral species in arid rangelands (either
directly or through surrogate measures) is impogaren the finding of previous researchers
that certain arid ephemeral species appear todmngyintolerant (Landsbergal. 1999; Nicol

et al. 2007). Our study found 34% of ephemeral speciesroing on arid zone gilgais were
recorded only from sites with little grazing exposy{grazing relaxation) or low grazing
intensity. Many of these had been identified ineotstudies as ‘decreasers’ under heavy cattle
grazing in other plant communities at other aritgedand locations (Appendix 1, Davigsal.
manuscript).

The only potential indicator species of long-tefmamges to biodiversity condition in arid zone
gibber-gilgai vegetation at this stage of the wedsRhodanthe stricta. It was absent from the
germinable soil seed bank at all continually, Igngzed, “near-to-water” plots, but common in
at least 80% of quadrats, which were either wagsrote, infrequently grazed, or were near to
recently constructed watering points (~7 yrs). ®pecies was found to be common component
of the germinable soil seedbank at these sitestitoting 6% of all seed in the soil seed bank
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(Davieset al. manuscript). It is absent in dry times, so asnaiicator it would only be detected
after rain or if germinable seed was collected. ®ark also found that measuring above-
ground plant species richness, in dry times, pexian unreliable absolute indicator of plant
biodiversity at a site. It was found that of 108mlspecies recorded from the combined
germinable soil seed bank data and the above grioertdge data, 37% were not observed
above ground in any of the quadrats. On averade,5&% of all species recorded from each
plot was recorded above ground. Above ground sual&yfailed to detect three of the four
significant plant species mentioned above. Thentinaf rainfall can also have a bearing on
above-ground species richness and composition.i&pachness in the arid rangelands is
dynamic across landscapes, making it an unreliadieator of biodiversity. This is probably
due to the great range of gilgai sizes (2-30m amditer), soil variations, the differing extents
to which water flows into gilgais from adjacent iemgious areas, and metapopulation
dynamics of poor dispersers.

An alternative method for ranking gilgai area imte of plant species richness is the recording
of numbers of “highly palatablespecies (Pal’ species in Appendix 1, Daviesal.,

manuscript) or longer lived species (“P” in Appeatlj Davieset al., manuscript) in the above-
ground herbage, again using quadrats. The pretetht ®und significant correlations between
these above-ground measures, and combined aboveelvd-ground total species richness.
Where interest is in the relative species richhesa specific longevity and lifeform class of
plant (e.g., to evaluate different areas for falabitat), field survey of above-ground herbage
is also of value even if undertaken in dry timestaswn by our preliminary results for one
visit.

Fauna

Preliminary ‘ground dwelling’ vertebrate fauna ritsindicate that there were no significant
differences in the fauna community composition lestwsites and that current levels of
grazing intensity did not consistently affect spsaiichness and relative abundance. At this
level of biotic organisation, there does not appedre a grazing intensity effect as measured
by two extremes of grazing. However, for individspkcies, there were some preliminary
significant trends within the reptiles. Two spa&cigere more abundant in lightly grazed sites
whilst one was more abundant in relatively heagilgzed sites close to waterpoints. Further
analysis of these responses will be conductedviatig the final field sample.

Early statistical comparison of pre and post irgation at the Macumba sites indicated that
there were significant responses to both mammatepiile productivity following relaxation

of grazing. When these were combined for the téhal productivity, average abundance
showed a significant increase in fauna followingzyng relaxation in the more heavily grazed
sites close to waterpoints. This indicates an auon between grazing exposure and intensity
resembling a ‘pulse’-like response to grazing rateon (following Underwood and Chapman
2003). Fauna declined in average abundance cothpdtfe the first sample in sites where
grazing was maintained. Mammals responded wiigraficant increase in abundance
following cattle removal in sites both near andffam the waterpoint, suggesting that grazing
exposure may play a greater role than intensigffiacting mammal numbers. As semi-
permanent water during the hottest months becornskable throughout the landscape,
grazing pressure is released near artificial waiatp and becomes diluted throughout the
landscape. Alternatively, mammals could be reftectiesponses to vegetation productivity as
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the summer rainfall was relatively higher in thesipimtervention sites. In the pre-intervention
sites, rainfall occurred in autumn favouring epheaheecruitment (Daviest al. manuscript).
Summer rains favour grass recruitment and the anoelof seeds may have increased
mammal abundance. Where there was no relaxatigraaing, reptiles responded with a
significant decrease in abundance post intervemtidooth near and far sites which may reflect
a response in the area where grazing was relaxed edmpared to where grazing was
maintained. For both mammals and reptiles, thelteate inconclusive because of their
preliminary nature. More in depth analyses areirequo tease out the complexities associated
with environmental and temporal differences actbessample areas.

Due to the preliminary nature of the fauna datagweot discuss any ecological and
environmental relationships or whether the resuiésreflecting a statistical rather than
biological result. In terms of our experimentaligaswe found studying waterpoint
interventions on a working property challengingttBpastoral companies were extremely
supportive of our work and managed their stock &ntain our experimental design. However,
with one of set of control sites, it had suchditthin that the forage was very low and cattle
were losing condition. The cattle were removed®sé¢ sites became a treatment for grazing
relaxation. At another set of sites which did heattle removed, the rains in summer were
sufficient to create a series of semi-permanenérhates along a drainage line and the cattle
wandered from a control site (on-going grazing)kbaato the treatment site. Consequently,
this set of sites became a control which was redlibr our experimental design in that all of
our control sites were now clustered together, awky from the treatment sites instead of
being spatially paired.

Landscape patchiness of gibber-gilgai biome

The spatial analysis has shown that satellite imagievery high spatial resolution can
characterise landscapes in terms of their gilggtrithution. It thus represents “proof of
concept” for quantifying gilgai typologies of vabia landscapes to provide broader spatial
context for field data collected at a restrictednber of ground sites. Pixel resolution (~1 m)
was adequate to distinguish gilgais. Spatial éxteh00 knf for all site areas combined) was
also sufficient to provide a reasonable sampléefariability in gilgai types in the
Oodnadatta region. Relative remoteness hindepezhtdield access to improve classification
accuracy to the level where gilgais were mappeHt sdgitable precision. This limitation could
be improved with greater effort and would be assistith increased accessibility. Building an
improved typology (based on spatial analysis ajajicharacteristics) logically follows from
satisfactory discrimination of gilgais. The longretrend analysis of vegetation cover of the
gibber-gilgai biome on Todmorden retains good rsde in terms of the capacity of vegetation
cover to respond to rainfall.

Strategic waterpoint management for biodiversity outcomes

We developed for the first time a biodiversity asseent framework (based on condition) and
then applied it to our case study region to dematesttrategic planning for biodiversity
outcomes from waterpoint intervention. Based oretkected outcomes, we were able to
identify a robust set of indicators suitable fos@ssment at the planning level. They were
grounded in biological science, historical dimens®ound measurement quality and had
relevance to planning and policy. The approach la&s into existing biodiversity

conservation planning initiatives. The next chadiers the evaluation of outcomes as evidence
of the merit of waterpoint management.
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An important aspect of any program assessing bévslity outcomes via condition assessments
is that the results relate to the regional biodiitgrmanagement objectives by guiding effective
management action including communicating how tle¢hod works, stimulating management
research, social learning (Knigttal. 2005) and adaptive management (Noble and Brown
1997). Our framework achieves these qualitiesheégpriority assessment step, where
objectives for assessing biodiversity condition larked to statements about outcomes for
desired biodiversity condition and management adtiereby effectively linking back to the
purpose of the assessment in the first instancerallyour approach is grounded in biology
and regional biodiversity conservation planning.duld also incorporate socioeconomic and
political contexts of implementation, should thatdn important consideration in a biodiversity
condition assessment for a region. The use of setecriteria not only communicates what
qualities were important in assessing biodiversitgdition, but it also shows transparency in
how they were selected. As far as we are awarprexous work has explicitly evaluated
indicator selection when developing condition ssoresignificant finding of our work was

that different indicators would most likely be neddor different planned outcomes of
biodiversity condition. Nevertheless, the uniquanafsindicators for different desired
outcomes of biodiversity condition means that tesigh of monitoring programs may be
complex and expensive; thereby limiting what mayrtomitored as identified in a priority
assessment of a region. For example, our fieldysimehd that indicators for total plant species
richness and composition of the perennial grasgpoment (indicators identified by experts in
technical workshops) not to be reliable measures.

Our framework can, however, hamper biodiversitydition assessment efforts when adopted
without critical thinking, innovation and a pradaditer’s intimate understanding of a region.
The framework still needs to be fully tested usirigng-term dataset for the monitoring and
reference sites. Ideally, it would also be benafito capture the temporal variability in the
indicators quantitatively (e.g., Coulson and Jo3@@6; Howeet al. 2007) and calculate the
degree of uncertainty associated with the datapiiEasing the best knowledge at the time, we
also acknowledge that readers will question sotterifig decisions about the indicators. It is
possible that local knowledge about indicators imilbrove filtering decisions.

We believe the framework improves our overall kredige about the challenges and
practicalities of biodiversity condition assessnmfentevaluating outcomes especially from
waterpoint interventions. It should also providediversity managers of government agencies
and other NRM organisations with guidelines on ltowonceptualise such assessments so that
they stimulate effective biodiversity managemenhatscience end of the biological science-
planning interface.

A range of techniques have been adopted for evafubtodiversity outcomes. Most are based
on condition assessments of monitoring data. Taege from simple aggregates (e.g., Ant
Index of Biological Integrity, Majer and Beeston9B9 Biohyets, Reast al. 2005); conditions
score such as BSSs (e.g., Oliver and Parkes 28} ;ondition” (Eyreet al., 2006a, b) and
graphical representations (e.g., radar plots, @@f) to more sophisticated multivariate
mathematical treatments (Andreaseal. 2001). Australia has lead the way in the
development of biodiversity metrics for applicatiorenvironmental stewardships (e.g.,
BushTender, Stonehanet al. 2003).
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In our work, we critically reviewed (multi)metries they becoming mainstream in biodiversity
conservation planning on private holdings (Smytb&vies, manuscript). We found, despite
their simplicity and convenience, the use of metfar evaluating biodiversity outcomes is
problematical for the arid rangelands. When asséssscientific and not MBI policy terms,

we agree with other biologists that the use ohglsiaggregate, though attractively simple, is
“arbitrary at best and seriously deceptive at woilgte key impediments specifically relating
to the arid rangelands now are environmental s&iaigy which is not incorporated into
metrics and baseline science underpinning reliptgdiction by metric indicators in dynamic
environments is absent. Overlaying the generic tddkansparency of (multi) metrics in
decision-making and the fact that a metric actualtigcures biodiversity condition in all its
forms bought us to the conclusion that (multi)ntstrare not appropriate for evaluating
biodiversity outcomes in the arid rangelands & tinne. Instead, we recommend a comparative
approach where benchmark and intervention indisadog depicted visually over time like
standard trend analyses (Smgthal. 2009; Smyth & Davies, manuscript).

Synthesis

In this study, we aimed to test whether biodivgreiitcomes could be assessed from
waterpoint intervention in the arid rangelands wemed for patchy dynamics in space and time
and driven mainly by variable rainfall. Our firdiallenge was to identify the expected
outcomes from waterpoint interventions for biodsrgrand, secondly, to then identify how to
assess changes in biodiversity to invention and wha the best way to interpret them for
management purposes. With the development of #mdwork we believe we achieved the
first challenge and outlined a blueprint for theam®d challenge. We proposed that the
assessment of biodiversity outcomes was best agthigy undertaking a condition assessment
approach. To do this, we had to clearly definedbiersity condition’ in the first instance. To
assess change from waterpoint intervention in titerangelands with rainfall seasonality
controlled experimentally, many reference (benclinsites need to be established (controls in
our study) and each need to have rainfall measatréte site so that covariate analyses can be
undertaken. For example, the Oodnadatta rain stagicorded no rain from June 2007 to
November 2007 yet we recorded between 10 to 20 mpuo Macumba sites at approximately
90 km away. This issue about the scale of measunteatgo has implications for modelling of
vegetation cover, using remote techniques. Bioditye(multi) metrics although convenient,
are not appropriate for representing change iratlterangelands mainly due to their inherent
patchy (spatially and temporally) dynamics (Bag@@9). Instead, we recommend using
standard trend analysis approaches, especialljiv@aaaphics (e.g., radar plots, Smetlal.
2009b).

At the beginning of this work, we chose a caseystadion in the arid South Australian
rangelands where waterpoints have been establishedong time and intensification was
advanced. We particularly focussed on cattle grplagcause cattle per DSE (dry sheep
equivalent) create less defoliation damage thaasfmouth anatomy, Fensham & Fairfax
2008) and if we could obtained noticeable changegazing relaxation with subtle disturbance
processes during the short length of this studyn ihmeant may have broader implications for
other systems defoliated more severely (e.g., pshad goats grazing). Another important pre-
condition was the cooperation of producers fordheation of the study. As it happened, the
gibber-gilgai biome in Oodnadatta land type of $tBhains Bioregion was the most
widespread pastorally productive system in the INBdst pastoral District of south Australia.
Based on the extensive literature, we expectegmdictions about grazing exposure and
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intensity to be met but we did not expect the spatatchiness of the gilgais to challenge the
notion of permanent grazing gradients for watefsed grazing.

Our work indicates the importance of gilgai vegetain arid South Australian stony deserts
(which contain the most extensive stony deserfaustralia) for conserving a range of
ephemeral wetland plant species. Due to high surtengperatures, cattle-grazing is often
centred on water courses, which contain the oerlgstland therefore the only shade. Where
permanent waterholes occur along these watercqutegsare infrequent but very heavily used
by stock, resulting in ephemeral wetlands beingiheanpacted by grazing and pugging. In
comparison, the Oodnadatta saltbdsminated gibber-gilgai biome appears to be leasihe
impacted by grazing since they are all tree-fradegpread, relatively common and occur over
extensive areas, include locations relatively renfieam artificial and natural permanent water
points. While riparian vegetation contains a raofygpecies not found in gilgai communities
(and therefore need to be protected in their ogityithe latter community is important in
conserving a significant number of ephemeral wetlgmecies common to both systems. The
fact that the gilgais act as semi-permanent waterces after rains means that permanent water
sources are rested and allowed to recover at avimea recruitment is at its most critical.
When the gilgai water dries up, cattle are forcadkiio the permanent sources and gilgais
beyond the threshold distances from water fored#bproximately 4-5 km) are rested from
grazing pressure until the next rains. Overlayeatsgsatial dynamics with the landscape
processes of gilgai formation and we believe weshabiome, which is resilient spatially and
temporally. In some respects, it is a natural @rpemt in waterpoint management. Although
our waterpoint invention studies are not complet have advanced present knowledge about
the potential merit of waterpoint management amwdliersity resilience systems in the arid
rangelands and produced a new assessment toadessing and interpreting biodiversity
outcomes.

The impact of our work at this stage is new infatiora development of a new tool (a generic
condition assessment framework) and the creationavhentum for strategic waterpoint
management via interventions at the planning leMegady, the condition framework is being
modified to report on a new framework for monitgriand evaluation of goat impacts in South
Australia as part of “Caring for Our Country” pragn. However, our vegetation and fauna
results are preliminary and inconclusive at thégystand it is critical that the final results be
completed so that government planners (our colkbos) have confidence in our results and
tool. For these reasons, we do not make any reconfatiens about the role of waterpoint
interventions in achieving biodiversity outcomes.

Once we complete our field studies, we will subangicientific paper on the responses of
vegetation and fauna to waterpoint interventiorts thie implications for strategic waterpoint
management. In this manuscript, we will discussrtthe of grazing exposure, grazing intensity
and the influence of rainfall seasonality on biodsponses.
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