


Prioritising waterholes of ecological significance
in the Neales and Peake catchments (western Lake
Eyre)

May 2011

Glen Scholz and David Deane
Department for Water

Government of South Australia
y Department for Water

Report to the South Australian Arid Lands Natural Resources Management
Board



DISCLAIMER

The South Australian Arid Lands Natural Resources Management Board, and its employees do not
warrant or make any representation regarding the use, or results of use of the information contained
herein as to its correctness, accuracy, reliability, currency or otherwise. The South Australian Arid Lands
Natural Resources Management Board and its employees expressly disclaim all liability or responsibility

to any person using the information or advice.

This report may be cited as:

Scholz, G. & Deane, D. (2010) Prioritising waterholes of ecological significance in the Neales and Peake
Catchments (Western Lake Eyre). Report by Department of Water to the South Australian Arid Lands

Natural Resources Management Board, Port Augusta.

© South Australian Arid Lands Natural Resources Management Board 2011

This work is copyright. Apart from any use permitted under the Copyright Act 1968 (Commonwealth), no
part may be reproduced by any process without prior written permission obtained from the South
Australian Arid Lands Natural Resources Management Board. Requests and enquiries concerning
reproduction and rights should be directed to the Regional Manager, South Australian Arid Lands
Natural Resources Management Board, Railway Station Building, PO Box 2227, Port Augusta, SA, 5700



TABLE OF CONTENTS

LISt OF FIQUIES........eeeeeeee ettt e e e e a e e e e e aanne 4
LISt OF TADIES.....cccoeeeeeeee et 5
ACKNOWIEAGEIMENTS ...ttt a e e e 6
EXECULIVE SUMMAIY ....ccooeoeeeeee e 7
INTRODUCGTION. .....ooeeeeeeeeee ettt e et e et e e et a e e e e e e ansneaeenns 9
ProJECt ODJECHIVES ... 9
ARID ZONE RIVERINE ECOLOGY oottt 10
ECOIOGICAI VAIUES ......eeiiiiee ittt e e e e e snereee e e e e e e e e 10
Ecosystem drivers and natural disturbance .............ccccoiiiiiiiiii e 10
METHODS ...ttt e e e e e 13
Prioritisation for management investment.............ccccvviiiii i 13
RESULTS AND DISCUSSION......c.oieeeeeeeeee e 14
SUIVEY FINAINGS. ..ot e e e s e e e e e e e e e s eeeeeeees 14
Ecological IMpPliCAtiONS ... 15
Restoration potential for management..........ccccccooiiiiiiii i 16
Results for PrioritiSation ..............eeiiiiiiii e 17
CONCLUSIONS & RECOMMENDATIONS ......ccoviieiiiiiieiiiiieiiieeeieia 19
APPENDICES ...ttt 19
APPENDIX A. Scoring System for assessment.............cocccvviiiiieeeiiiiiiiiieeee e 19

Vegetation condition attribute description ...........ccccoooiiiiiiiiinii s 20
APPENDIX Bttt
Location Of SUIVEY SItES.......ooueeiiiiiiie e e e 23
APPENDIX C. SUIVEY RESUILS ......eiiiieieiiiie ettt 24

Site 1: Algebuckina Waterhole, Neales River — North Bank............................. 24

SITE 2: Algebuckina Waterhole, Neales River — South bank..............cccccc....... 29

SITE 3: The Cliff Waterhole, Neales RiVer.........cccccoovviiiiiiiiiieeieeeeeeee 35

SITE 4 — Shepherds Waterhole, Neales Creek.........ccccccovvvvveiiiiiiiiiiiiiiiiiiinnnn. 41

Site 5: Hookeys Waterhole, Neales RIiVEr .............covvvviiiiiiiiiiiiiiiiiiiiiieeeeeeeeienanns 47

Site 6: Peake Bridge, Peake CreekK............uuvuiiiiiiiiiiiiiiiiiiiiiiiiiiiinrerenerenesneennnnne 53
APPENDIX D. Aquatic ecosystems — salinity thresholds............cccooociiiiiiiiniiinnnn. 58
REFEIOINCES ...t e e e e 61



LIST OF FIGURES

Figure 1 Conceptual model of eight stages of arid riverine function after (Costello
et.al.2004)

Figure 2  Hierarchical clustering (UPGMA) of vegetation binary data for all sites.
Figure 3 Algebuckina waterhole

Figure 4 Floodplain ecosystem E. coolabah (adult background, seedling foreground),
Acacia salicina,Eremophila sp

Figure 5 Cyperus alterniflora. dominated backwater

Figure 6 Near the road crossing steep banks with M. Florulenta and E.coolabah
Figure 7 Looking at north bank Algebuckina waterhole

Figure 8 Fine clay sediments deposited over bank on the riparian

Figure 9 South bank sparse vegetation density, showing natural flow

Figure 10 North bank moderate vegetation density

Figure 11 Vehicle impact on vegetation

Figure 12 Soil erosion from vehicle access tracks

Figure 13 “The CIiff” waterhole

Figure 14 : The Cliffs Waterhole E.coolabah and M. florulenta association

Figure 15 Stock access to waterhole grazing on Santalum lanceolatum. E. Coolabah
Figure 16 Grazing line on riparian zone

Figure 17 Grazing impact on Santalum lanceolatum

Figure 18 Southern end of Shepherds Waterhole and riparian zone

Figure 19 Riparian zone and floodplain showing E. coolabah

Figure 20 Shepherds Waterhole a dense riparian zone with a large diversity of plant
species

Figure 21 Diverse riparian zone featuring a healthy range of shrub age classes
Figure 22 Floodplain featuring regenerating E. coolabah regeneration and healthy
perennial grass cover

Figure 23 Hookeys Waterhole E.coolabah overstorey and large diversity of
Figure 24 Hookeys waterhole, historical chinese vegetable garden,

Figure 25 Floodplain vegetation

Figure 26 Bamboo growing on stream bank

Figure 27 Eremophilla macdonnellii grove

Figure 28 Eremophilla macdonnellii flowering

Figure 29 Cutting of trees for firewood

Figure 30 : stream bank erosion around camping activity site

Figure 31 Peake creak saline waterhole looking downstream from the railway
Figure 32 Left bank (downstream) E. coolabah regeneration

Figure 33 Landscape showing sparse mid story vegetation with

Figure 34 Right bank (downstream) showing Oldman saltbush (A. nummularia)
regeneration

Figure 35 Right bank (downstream) showing Oldman saltbush (A. nummularia)
regeneration

12
15
24

28
28
28
29
32
33
33
34
34
35
38
39
39
40
41
44

45
45

46
47
50
50
51
51
51
52
52
53
56
56

57

57



LIST OF TABLES

Table 1.Summary of the field assessment and investment prioritisation sheets from

the 6 waterholes visited in November 2010 ..........ooooiiiiiiiiiiee e 17
Table 2.Scoring criteria for Ecosystem Values and Threats attributes ..................... 19
Table 3.Scoring system for vegetation condition ............cccccccooiiiii e 21
Table 4.Key to the ecosystem values listed above ............cccccvvvviviiiiii 21
Table 5.Key to the ecosystem ‘values’ listed in box above. ............cccccciiiin. 22
Table 6.Algebuckina North - ecosystem values and threats............ccccccoiiiiin. 25
Table 7.Algebuckina North vegetation condition.............ccccciiiiiii 26
Table 8.Algebuckina south bank ecosystem values and threats ................ccccccee. 30
Table 9.Algebuckina south bank vegetation condition..............ccccccvviviiinn. 31
Table 10.The Cliff waterhole ecosystem values and threats.............cccccccoevviviennnn. 36
Table 11.The CIiff waterhole vegetation condition .............cccccoiiiii, 37
Table 12.Shepherd’s waterhole ecosystem values and threats...............cccce. 42
Table 13.Shepherd’s waterhole vegetation condition ..............ococoiiiiiiiiin, 43
Table 14.Hookey waterhole ecosystem values and threats.......................cl 48
Table 15.Hookey waterhole vegetation condition ................ccccci 49
Table 16.Peake waterhole ecosystem values and threats................ccccccev 54
Table 17.Peake waterhole vegetation condition .............cccccoeiiiii 55
Table 18.Aquatic Ecosystems Salinity Thresholds. ...............cccoi 58
Table 19.Categories of Lake ecosystem salinity (Reference 5,6 & 7) ......ccceeeeeeee... 59



ACKNOWLEDGEMENTS

This project was part of a multi-disciplinary project funded by the Australian
Government’s Caring for our Country Program 2009/10 and was conceived and
coordinated by the South Australian Arid Lands Natural Resources Management
Board. The input of the ideas and findings of other project team members to this
work is acknowledged.

The provision of site access to conduct surveys by landholders in the Neales and

Peake River catchments is gratefully acknowledged.

The authors would like to thank Henry Mancini from the South Australian Arid Lands
Natural Resources Management Board (SAALNRMB) for supporting this project and
managing its progress for the Board.



EXECUTIVE SUMMARY

This report was undertaken as a sub-component of a South Australian Arid Lands NRM
Board project entitled ‘Understanding and managing critical refugia in the arid lands of
central northern Australia’ (the Critical Refugia project). Funding was granted through the
Australian Government’s Caring for Our Country 2009/10 Program. This work contributes to
the SAAL Regional NRM Plan (2010) Resource Condition Target (RCT) 3: “By 2020, the
extent and condition of at least 50% of priority aquatic ecosystems is improved and other
priority aquatic ecosystems are at least maintained in extent and condition”, and RCT 8: “By

2020 flow regimes and water quality in surface water systems are maintained or improved”.

The main project objective for this sub-component was to assess the level of impact
attributable to grazing and tourism activities and report these in a standardised and
consistent reporting framework. This allows for an appropriate level of comparison across
the SAAL NRM Region with a clear focus on the management and prioritisation of aquatic

ecosystem assets.

The work presented in this report summarises the results of field surveys of a number of
waterhole and floodplain environments, intended to help place overall project findings within
a landscape context. Surveys follow the aquatic ecosystem vegetation condition
assessment framework developed in White and Scholz (2009) and qualitative field
assessments to establish a synthetic reference condition for the aquatic ecosystem type
under investigation. Target sites are then assessed against this functional reference
condition using a standardised methodology based on the Riverine Vegetation Indicator
Protocol for river health (Roberts and Hale, 2009).

Six sites of varying permanence and exposure to disturbance were assessed using the
protocol. Four of these were low salinity sites located on the Neales River, a major tributary
to Lake Eyre draining the western Basin. The Neales River sites surveyed were: North and
South bank Algebuckina, The Cliff, Shepherds and Hookeys waterholes and associated
floodplains. Owing to the project focus on Algebuckina as a key refuge for the region, two
separate surveys were undertaken at this site, selected to reflect the contrasting disturbance
levels and histories observed. The fifth site assessed was a hyper-saline, semi-permanent
waterhole located on Peake Creek. This site provided context on the additional ecological
consequences of high levels of salinity, and how the floodplain environment at such sites is

impacted by grazing pressure.

Vegetation data for all sites was analysed using a clustering program to investigate any

relationship between sites. The sites fall into three clusters, one representing the more



diverse sites where the waterholes lie within a wide low profile floodplain which are relatively
frequently inundated and does not appear to have any salinity features. Another, the two
Algebuckina sites and a third cluster comprising the highly saline site and the lower diversity
site (The CIiff). Although no specific conclusions should be drawn from this general
assessment, the site clusters may reflect specific landform characteristics, with hydrological
and salinity processes having an influence, sites located near to one another are likely to

share a similar flooding/drying history.

Superimposed on the main ecosystem drivers of hydrology and salinity, sites were found to
have varying impact levels depending largely on grazing and tourism history. As might be
expected in an arid zone ecosystem some impacts were consistent between the two
disturbances, but clear differences were also apparent. Grazing was observed to impact on
the vegetation structure as well as having an influence on the density of species diversity,
selecting out palatable species and allowing less-palatable species to dominate. Visitation
to the sites had a greater impact on the landscape through compaction and soil erosion from
vehicular and traffic access, while the overstorey species Eucalyptus coolabah were

impacted from being selectively cut for fire wood.



INTRODUCTION

This report was undertaken as a component of a South Australian Arid Lands NRM Board
project entitled ‘Understanding and managing critical refugia in the arid lands of central

northern Australia’. The relevant project aims were to:

1). Identify risks from exotic species and formulate appropriate management plans for
Algebuckina Waterhole, a key aquatic refuge on the Neales River in the western Lake Eyre

Basin; and,

2). To understand the connectivity between Great Artesian Basin spring groups and streams

of the western Lake Eyre Basin.

The work presented in this report summarises the results of field surveys of a number of
waterhole and floodplain environments, intended to help place overall project findings within
a landscape context. Information presented will in particular assist the development of
management priorities. Surveys follow the condition assessment framework approach
developed in White and Scholz (2008) and incorporate the use of conceptual functional
models (Scholz and Fee 2008) and qualitative field assessment to establish a synthetic
reference condition for the ecotype under investigation. Target sites are then assessed
against this functional reference condition using a standardised methodology based on the

Riverine Vegetation Indicator Protocol for river health (Roberts and Hale, 2009).

Project objectives

The main project objective was to assess the level of impact attributable to grazing and
tourism activities and report these in a standardised and consistent reporting framework.
This allows for an appropriate level of comparison across the SAAL NRM Region with a

clear focus on the management and prioritisation of aquatic ecosystem assets.

The project undertook five days of fieldwork and visited six waterhole and floodplain sites of
ecological significance in the western Lake Eyre Basin. A qualitative ecological survey was

undertaken to look at the vegetation condition and resulting impacts at each site.

Quantitative vegetation surveys will be appropriate where further management interventions
are undertaken in order to demonstrate progress towards stated goals. The current work did
not require this level of rigour, as monitoring aims and intervention targets are yet to be

specified.



ARID ZONE RIVERINE ECOLOGY

Ecological Values

The ecology of arid zone rivers has often been described as being ‘boom - bust’ in nature
(Costelloe et al 2004; Bunn et al 2006), with flow events creating the boom periods between
which organisms need to persist. The ecological value of arid zone rivers is today well
recognised (Costelloe et al 2004), and can be considered both from the perspective of purely

aquatic environments as well as the influence of the river on its floodplain environment.

Arid river aquatic habitat endures brief periods of flowing water and prolonged periods of
zero flow when evaporation leads to contraction of the wetted area. Waterholes of varying
permanence become the key refugia for aquatic organisms during inter-flow periods, and
larger, permanent sites are critically important for aquatic biota to resist extended drought
phases and enable them to bounce back in the wet phase. Algebuckina is an example of
such a waterhole, and is the only “permanent” aquatic refuge for western Lake Eyre Basin

rivers.

The importance of overbank flooding on arid zone ecology is well known and has
significance not only for the natural environment, but also the grazing industry (Capon 2003).
Floodplain areas are renowned for their productivity following inundation, which leads to
mass germination of grasses and forbs which dominate arid floodplain seed banks (Capon
2003). Hence floods are of great benefit to the pastoral industry through provision of high
densities of good quality stock fodder.

Ecosystem drivers and natural disturbance

The ecology of large arid zone rivers has been the subject of considerable research over
recent years. The ARIDFLO project (Costelloe et al 2004) established the main ecological
drivers for Lake Eyre Basin riverine ecology as being salinity and hydrology. Salinity levels
within arid aquatic ecosystems are largely a function of rainfall, flow duration, wet / dry
sequences, geological chemistry and its influence on shallow aquifers connected to
watercourses. More specifically Costello et al (2004) found that large flood events in the
Neales river system around the Algebuckina waterhole can cause a rise in the saline water
table in the surrounding floodplains which can then discharge into the watercourse as the
flow declines. This creates a counter intuitive situation where a flow of a larger volume can

result in higher waterhole salinities.

In a study conducted on Cooper Creek floodplains Capon (2003) found that salinity and

water availability as modified through flooding history exerts an influence on all life history
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phases of riparian and floodplain vegetation and creates specific vegetation zonation

patterns.

Arid zone waterholes have been shown to rely on carbon sources generated from within the
aquatic environment rather than from terrestrial sources of carbon. In a study conducted on
arid zone waterholes, Bunn et al (2003) found through stable isotope analysis that the band
of algae in the littoral zone of waterholes was the major source of energy for aquatic
consumers. In that study, although considerable terrestrial carbon was present in the

waterhole, there was no evidence of it being a significant contributor to the aquatic food web.

Conceptual diagram of arid and semi-arid riverine permanent
and semi-permanent pools

The function of arid and semi-arid riverine permanent and semi-permanent pools of the Lake
Eyre Basin have been identified and articulated in the ARIDFLO project (Costelloe et.al
2004). The project has identified eight ‘typical’ river stages that have impacts on the ecology
of the Lake Eyre Basin Rivers (See Fig 1). For a full discussion on the hydro-ecological
responses within waterholes refer to Costelloe et. al. 2004, following is a summary from that

report.

“Regional floods are very significant hydrologically and ecologically. They are particularly
important if they occur in successive flood years as they increase the spatial and temporal
extent of connection. This allows biota to move over greater distance as well permitting their

abundances to ramp up through increased reproduction and relative survival of offspring....

Disconnected conditions are common, the rivers are more often a series of isolated wetlands
and waterholes..... During this time, regional biodiversity of aquatic-dependent biota (fish
and many macroinvertebrates) is reliant on the persistence of a patchwork of waterholes of
different sizes and depths..... Inter-annual seasonal variation affects many different aspects
of organismal biology such as the timing, extent and success of breeding, availability of food
resources, etc, and is capable of producing very different biotic responses between years

even with a roughly similar sequence of seasons....

The occurrence of droughts means that the survival of the LEB fish and many

macroinvertebrates is critically reliant on the persistence of relatively few drought

refuges. Populations contract under drought, which may result in localised extinctions of

certain fish and macroinvertebrate species that may or may not be
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replaced by dispersers (potential new colonisers) on the next big flood.... Drought reductions
of aquatic habitat are greatest in the lower reaches, and so the distribution patterns and local
persistence of many species and entire assemblages may be in a continuous state of flux or
disequilibrium. Thus extra importance should be placed on maintaining the ecological
integrity of the better- watered upstream reaches during drought.”

Large regional flood |

" Typical Lake Eyre Basin A

! flows during r\RTPH'ﬁ-.;.-"". L —
/ / 2000-2003 r,..._-_rf,_,.,.

Extreme drought |
L3

=
Y
-4
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Figure 1 Conceptual model of eight stages of arid riverine function after (Costello et.al.2004)

12



METHODS

Prioritisation for management investment

A desirable outcome in investing in environmental condition is to maintain the natural
ecosystems ability to “resist” unfavourable conditions and bounce back (resilience) when
conditions are favourable. The first step in prioritising assets for investment is to focus on the
appropriate scale for an improved biodiversity outcome. As discussed by DEH 2007

(unpublished) the most relevant considerations for biodiversity planning are:
1. In unmodified regions, landscape scale considerations are the most relevant.
2. In partially modified regions, ecosystem scales are more relevant.
3. In heavily modified regions, individual species considerations are more relevant.

In relation to the waterholes of the Western Lake Eyre Basin the biodiversity management

considerations focus on (1) the landscape and (2) the ecosystem scale.

The assessment methods used in this project focussed on four attributes: ecosystem
function (its setting and value within the landscape); condition (naturalness); the threatening

processes and; recoverability potential.

Within this context, prioritisation for investment should be weighted towards sites that have
the greatest contribution as an aquatic ecosystem refuge within the catchment as well as
those that have the greatest recoverability potential in relation to management investment
and intervention. Sites that are significantly ecologically impaired may have a lower priority
for investment due to a low recovery potential and those that are ecologically intact may also
have a lower priority for investment due to their relative security under current environmental

conditions and management regimes.

The methods used for assessment in this study can be found in the Appendices, with a more

detailed description of methods available in White and Scholz, (2009).
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RESULTS AND DISCUSSION

Survey findings

The rapid assessment methodology applied in this study has a strong focus on the structure
and spatial extent of the vegetation community. These features along with some other
indicators of condition are then compared with a reference condition to identify areas where
degradation has, or is, occurring. The reference condition may take the form of an actual
reference site or sites, or can be an inferred reference condition based on a bio-physical
assessment across a number of sites presenting a range of conditions, this study employed
the latter approach, as there is no available data on the reference condition of these types of

sites.

An exhaustive taxonomic study was not an objective of these surveys with a focus on the
main perennial / biennial floodplain species. 38 species were recorded in observational
surveys conducted at each of the sites. Three species were ubiquitous, being found at every
site: Dillon bush (Nitraria billardierei); coolibah (Eucalyptus coolabah); and lignum

(Meulenbeckia florulenta). In contrast, 17 species were only found at a single site.

Maximum site level diversity of 22 species was observed at both Shepherds and Hookeys
waterholes. These sites are geographically close to one another, both located on the Neales
River floodplain within a few kilometres of Oodnadatta township. The water level at these
sites was only 1-2 metres below the floodplain. The minimum diversity observed was 7
species, found at both The Cliff and Peake Creek sites. The Peake Creek waterhole was

hyper saline.

Vegetation data for all sites was analysed using a clustering program to investigate any
relationship between sites (Fig 2). The sites fall into three clusters, one representing the
more diverse sites where the waterholes lie within a wide low profile floodplain which are
relatively frequently inundated and does not appear to have any salinity features. Another,
two Algebuckina sites and a third cluster comprising the highly saline site and the lower
diversity site (The CIiff). With the exception of the Peake — CIliff cluster, these also reflect
geographical proximity. Although no specific conclusions should be drawn from this general
assessment, the site clusters may reflect specific landform characteristics, with hydrological
and salinity processes having an influence. Sites located near to one another are likely to

share a similar flooding/drying history.
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Figure 2 Hierarchical clustering (UPGMA) of vegetation binary data for all sites.

Ecological Implications

This study has found a clear indication of the influence of grazing as a source of disturbance
on vegetation structure, age class and density. Grazed sites featured little or no regeneration
of tree and shrub species as well as impacts on the structure of vegetation with the mid and

lower stratum most heavily impacted.

The study identified a number of sites where E. coolabah seedlings and juveniles were
grazed off and sub adults and adults were cut for firewood use. In an arid zone waterhole
ecosystem where impacts may take decades if not hundreds of years to recover, the loss of
regeneration of important structural species such as coolibah will not be fully felt until the
surviving adults die off. Over the longer term still other habitat values provided by canopy

species such as wood hollows and submerged woody debris will be lost.

Little information is known about the life cycle of coolibah. The most comprehensive review
of coolibah can be found in Roberts and Marston (in prep) the following discussion is

sourced from this document.
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The lifespan of coolibah is generally assumed to be a few hundred years old, although no

trees have been reliably dated.

Coolibahs are described as occurring on floodplains that are infrequently flooded. Wilson
et.al (2009) found that on the Lower Gwydir floodplain the flooding frequency for coolibah
woodlands is around 1:10 to 1:20 years. Coolibahs are generally believed to be dependent
on significant floods for large-scale regeneration. Kerle (2005) found that in New South
Wales, there have been only six major regeneration events in 105 years: pre-1890, 1890,
1955 to 56, 1974 to 76 and 1983 to 4.

Studies in the Lake Eyre Basin have shown that coolibah has low transpiration rates and are
not solely dependent on surface water flooding for survival, instead they are able to access
highly saline soil and groundwater at chloride concentrations of 20,000 mg L (Costelloe et al.
2008). On the floodplain of the Diamantina River, coolibahs have been recorded growing

and using groundwater at salinities greater than 30,000 mg L (Payne et al 2006).

Restoration potential for management

The understanding of ecological cycles in the arid zone has been advanced over recent
years, but additional study is required to determine the recovery potential at sites. Owing to
ecological lag times because of the aridity, the consequent low productivity will mean
improvements will need to be observed over relatively long periods of time to demonstrate

recovery.

A key factor for recoverability will be the presence of viable propagules, including seed
banks. Seed bank composition has been found to be the dominant influence on species
abundances during experimental conditions, with inundation frequencies then providing a

filter that determined which plants were able to establish (Webb et al 2006).

In addition the influence of site disturbance history — especially the grazing history and the
wetting/ drying cycle - on observed character are difficult to determine from rapid
assessment approaches. Future work needs to directly study a number of sites of different
character across a flooding — drying cycle to examine and characterise the ecological
responses in order to be able to make accurate assessments about recoverability or even

current condition.
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Results for Prioritisation

A summary of the six waterholes visited and prioritised for this project are listed in Table 1.

Table 1. Summary of the field assessment and investment prioritisation sheets from the 6
waterholes visited in November 2010

Waterhole Catchment Investment Priority Restoration Key Aquatic Refuge
Potential
Algebuckina South Bank Neales Creek HIGH MODERATE- | HIGH
LOW
Hookeys Neales Creek HIGH MODERATE | MODERATE
-HIGH
Algebuckina North Bank Neales Creek MODERATE MODERATE | HIGH
The CIiff Neales Creek MODERATE- LOW | HIGH MODERATE
Shepherds Neales Creek LOwW INTACT MODERATE
Peake Bridge Peake creek LOwW MODERATE | MODERATE - LOW

At the top of the list for high investment priority were Algebuckina south bank and Hookeys,
this was because both sites are significant aquatic refugia, have high visitation and due to
the potential for further impact, management investment is required . Algebuckina north bank
had similar values but was a lower priority as the visitation impact was much lower.
Algebuckina is particularly significant as the only recognised permanent waterhole in the

Neales and Peake catchments.

The Cliff waterhole is a site of low visitation and was of moderate to low priority for
investment. The riparian zone has been impacted by stock grazing and activity however, this
site would recover rapidly. Fencing the site could also be a problem due to flood activity on a

low profile floodplain.

Shepherds waterhole was classified as intact and considered as low investment priority as
the current management activities (part of the town common) has low tourist and low grazing
impact and is in excellent condition. It is recommended that current management actions are

maintained to ensure the waterhole and ecosystem remains in good condition.

Finally, the Peake Bridge waterhole was considered of low priority primarily due to the low

aquatic ecosystem values of the water-hole and surrounding vegetation.

Once a full inventory of the waterholes is completed, some waterholes are likely to group

together, whilst others will individually be classed as important assets.
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Conclusions & Recommendations

This project has built on the use of the rapid assessment method developed for ecological
assessment of springs in the Flinders Ranges and found that it works well with minimal
modification. The main value in such a system is to allow rapid acquisition of baseline level
data across the full range of environmental assets of interest. As further sites are visited in
the region more knowledge on waterhole condition and functional processes will be

developed.

Within the natural patterns of vegetation zonation driven by plant life history traits, flooding
and salinity, the effects of grazing and human activity are superimposed. Depending on the
intensity of the disturbance these have a fundamental influence on the vegetation species

composition, structure and density within the functional categories.

Grazing was observed to impact on the vegetation structure as well as having an influence
on the density of species diversity, selecting out palatable species and allowing less-
palatable species to dominate. Visitation to the sites had a greater impact on the landscape
through compaction and soil erosion from vehicular and traffic access, while the overstorey

species Eucalyptus coolabah were impacted from being selectively cut for fire wood.

The recommendations for the management of arid zone waterholes and associated

floodplains for the Western Lake Eyre Basin region include:

1. Aim towards completing a full inventory of waterhole type and condition in the South
Australian Lake Eyre Basin using the rapid assessment method outlined in this
report;

2. Integrate the geomorphological, hydrological and fish data to improve understanding

of sites visited as part of this project

3. Gain an understanding of the riparian and floodplain vegetation reference condition

at fresh and saline waterholes across wetting and drying cycles.

4. Gather additional information on topographical and environmental parameters to

assist in interpretation of vegetation patterns.
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APPENDICES

APPENDIX A. Scoring System for assessment

This assessment employed a qualitative decision support system based on that presented in
Roberts et al 2009. This provides a means of undertaking a consistent assessment
methodology across ecotypes, allowing for comparison between the different environments.
The system consists of environmental attributes within three broad categories, each of which
is assigned a score based on general criteria. The three attribute categories are ecosystem
values, ecosystem threats and vegetation condition and descriptions of the attribute decision

system is presented below.

Table 2. Scoring criteria for Ecosystem Values and Threats attributes

ECOSYSTEM VALUES ECOSYSTEM THREATS
1 2 3 4 5 6 7 8 9 10 11 12
Riparian Riparian | Hydrologi | Salinity | Designate | Uniquenes Ke%Aquatic High | Exotic | Groundwater| Spring Nutrients
Plant Habitat |cal Value| (see [d Cultural s efuge | Threat [Animals| abstraction (surface
Diversity Diversity Append Site Weeds water)
X A) abstraction

More than | All strata TDS TBD
one species present 500-
present for and >3 3,000
each strata | geomorphi mg/L
c features
At least 1 All strata | Seasonal| TDS |Infrastruct| Same Moderate TBD
species present 3,000- |ure at site| ‘type’in value
present for and <3 20,000 | i.e. pump sub-
each strata | geomorphi mg/L catchment
¢ features
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The scoring system is presented in this Appendix to provide a deeper understanding
of the differences between the sites that have resulted in the assigned scores. The
system is under continual development as it is applied across different regions of the

state.

Vegetation condition attribute description
13. Spatial Integrity: .

Width of riparian vegetation (as defined by inundation dependent species).
Longitudinal continuity continuous cover of dominant stratum along the channel.
Connectedness of the riverine vegetation to other areas of native vegetation (riparian
or terrestrial).

14. Nativeness:

Percentage of non-native and high impact species.
Abundance of non-native and high impact species in different strata. (perennials).

15. Structural Integrity:

Number of strata and/or life forms.
Cover for each stratum.

16. Age Structure:

Cover of canopy species.
Presence (or abundance) of different age stages.
Presence (or abundance) of large old trees.

17. Debris:

Abundance of fallen logs.
Presence (or abundance) of standing dead trees.
Percentage cover of litter.
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Table 3. Scoring system for vegetation condition

13. SPATIAL
INTEGRITY

14.
NATIVENESS

(perennials)

15.
STRUCTURAL
INTEGRITY

16. AGE
STRUCTURE

17. DEBRIS

SLIGHTLY
MODIFIED

MODERATELY
MODIFIED

Width reduced

About 50% of

by up to 1/3 the native
and/or some vegetation
breaks in remains, either
continuity in strips or
patches
Exotic species One or more
present but not | strata dominated
dominating by exotic
any strata, species, 'high
'high threat' threat' species
species rare present

Cover within
one stratum
50% lower or
higher than
reference

One stratum
missing or extra
cover within
remaining
stratum 50%
lower or higher
than reference

Reduced

Reduced cover

cover (75- (75-50%) of
50%) of dominant strata,
dominant and only one
strata, and/or age class
only two age present
classes

present

Some Quantities
evidence of and/or cover
unnatural loss 50% higher or
of debris (eg. lower than
firewood reference
collection,

trampling of

leaf litter by

stock)

Table 4. Key to the ecosystem values listed above

ECOSYSTEM VALUES THREATS
1 2 3 4 5 6 7 g|lol10]11] 12
1sp. for | 23 Permanent National Only HCVAE / Absent Low
each geomorphic Park, ‘type’in Ramsar/
strata features Aboriginal or | catchment | equiv.
(aquatic) European / rock Threatened
<340 heritage outcrop (or equiv.)
uS/em sp. present
1 sp. for Refuge
each 340 - feature
strata 2,040 during
(non- uS/em droughts /
aquatic) permanent
1 strata | 2 Seasonal 2,040 Infrastructure | >1 type in | Refuge
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missing | geomorphic - at site eg. catchment | feature
features 13,600 | pump / rock during
uS/ecm outcrop droughts /
semi-
permanent
2 13,600 Aquatic
strata’s - fauna
missing 34,000 present
uS/em
3 1 Episodic Stock >1 type in | Aquatic Present High
strata’s geomorphic > watering stream fauna not
missing | features 34,000 | point reach observed
uS/ecm or absent

KEY 1: Vegetation Condition Sub-Indices Attributes (for each indicator refer to appropriate row in Table

4 for assessment criteria).

Spatial Integrity: Width of riparian vegetation (as defined by inundation dependent species).
Longitudinal continuity continuous cover of dominant stratum along the channel. Connectedness of the
riverine vegetation to other areas of native vegetation (riparian or terrestrial).

Nativeness: Percentage of non-native and high impact species. Abundance of non-native and high
impact species in different strata. (This project will focus on perennials due to the arid system, annual
cover is determined by rainfall which can coincide with site visits).

Structural Integrity: Number of strata and/or life forms. Cover for each stratum.
Age Structure: Cover of canopy species. Presence (or abundance) of different age stages. Presence

(or abundance) of large old trees.

Debris: Abundance of fallen logs. Presence (or abundance) of standing dead trees. Percentage cover

of litter.

Table 5. Key to the ecosystem ‘values’ listed in box above.

Largely Slightly Moderately Substantially Severely
Unmodified Modified Modified Modified Modified
Spatia/ No or little evidence of Width reduced by up About 50% of the native Only small patches of Little or no
5 broad scale loss of to 1/3 and/or some vegetation remains, well-separated native remaining native
Integr Ity native vegetation breaks in continuity either in strips or vegetation remains vegetation
patches
Nativeness Vegetation Exotic species One or more strata Most strata dominated by Few native species
. predominately native, present but not dominated by exotic exotic species, 'high remaining, cover
(perennlals) few weeds and no 'high dominating any species, 'high threat' threat' species abundant dominated by exotic
threat' species. strata, 'high threat' species present species
species rare
Structural Number of strata and Cover within one One stratum missing or More than one stratum Structure completely
cover within each strata stratum 50% lower or | extra cover within completely altered from altered from
Integrity is similar to reference higher than remaining stratum 50% reference (lost or <10% reference (eg.
reference lower or higher than remaining) grassland, shrub
reference land, forest pasture)
Age Dominant strata with Reduced cover (75- Reduced cover (75- Reduced cover (<50%) Dominant strata
g reference level of cover 50%) of dominant 50%) of dominant strata, of dominant strata, and mostly absent
Structure and at least three age strata, and/or only and only one age class only one age class
classes present two age classes present present
present
Debris Quantities and cover Some evidence of Quantities and/or cover Very small quantities of Debris mostly
similar to reference unnatural loss of 50% higher or lower debris present absent or
debris (eg. firewood than reference completely
collection, trampling dominating the sites,
of leaf litter by stock) with little or no living
vegetation
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APPENDIX C. Survey Results

Site 1: Algebuckina Waterhole, Neales River — North Bank

Site information

Site: Algebuckina Waterhole (north bank), Neales River lower Neales River
catchment.

Easting / Northing:

Date: 16 November 2009

Description of feature assessed

Feature type: Surface flow driven waterhole feature.

Size / Area: at time of visit, the waterhole extended from the Oodnadatta
Track for at least two kilometres downstream. Shallow and isolated pools
were found as far upstream as the bridge.

Conceptual understanding: In stream permanent pool

Recent rainfall / inundation events:

Depth: At time of visit, depth was around 0.5 m below cease to flow.
Maximum observed depth was >3 m (typical depth range 0.5 — 1.0 m), but
deeper pools may exist.

Elevation: ~ 60 m

Vegetation association: Eucalyptus (E. Coolabah) / Lignum (Muelenbeckia
florulenta) open woodland

Species list of perennials from a rapid survey (annual weeds species have been included):

(grasses and forbs)

spp, Sclerostegia medullosa.

Strata Species
Aquatic None expected for this wetland type within this location
Understorey Chloris truncata; Cyperus alterniflora; Cyperus spp.; Erogrostis spp.; samphire

Shrubs

(low-shrubs and tall-shrubs)

Acacia salicina; Acacia spp; Enchylaena tomentosa; Eremophila spp.;
Muehlenbeckia florulenta; Nitraria billardierei; Santalum lanceolatum

Trees

Eucalyptus coolabah

Figure 3. Algebuckina waterhole
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Ecosystem Values and Threats

Table 6. Algebuckina North - ecosystem values and threats

Indicator Value Description Confidence
1 Riparian plant | MODERATELY | 14 species observed including species of | QUALITATIVE
diversity HIGH known riparian plants
2 Riparian MODERATELY | > 3 habitat classes: deep pools, overhanging | HIGH
habitat HIGH vegetation; flood runners; range of substrates
diversity (bedrock, sand, silt)
3 Hydrological PERMANENT Waterhole considered to be permanent HIGH
Value
4 Salinity SUB-SALINE During site visit (16/11/2009): 766 EC. able to | HIGH
support majority freshwater flora and fauna
5 Designated HIGH High Aboriginal and European significance HIGH
Cultural Site
6 Uniqueness HIGH Only permanent refuge pool on the Neales and | HIGH
Peake catchment
7 Key Aquatic | MODERATELY | Size, permanence, proximity to Lake Eyre and | HIGH
Refuge HIGH key biota (native fish) make this site a critical
refuge.
8 High  threat | ABSENT No weeds observed QUALITATIVE
weeds
9 Exotic PRESENT Very low numbers observed mean virtually no | QUALITATIVE
animals impact
10 | Groundwater ABSENT MODERATE
abstraction
11 | Spring ABSENT HIGH
abstraction
12 | Nutrients ABSENT

Refer Appendix A for interpretation of scoring system
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Site Condition

Table 7. Algebuckina North vegetation condition

Indicator Value Description Confidence
Spatial LARGELY Both width and longitudinal continuity of lignum Observation
Integrity UNMODIFIED and coolibah was intact.
Nativeness LARGELY No perennial weeds were recorded at the site. Observation
UNMODIFIED
Structural LARGELY Possibly some slight reduction in sub-shrubs and | Observation
Integrity UNMODIFIED grasses.
Age Structure | LARGELY Good regeneration of overstorey species, but Observation
UNMODIFIED possibly some reduction in chenopod
regeneration.
Debris LARGELY Some evidence of wood cutting, but minimal Observation
UNMODIFIED intensity and extent

Refer Appendix A for interpretation of scoring system

Restoration Potential and Investment Priority

General comments: the north bank of the Algebuckina waterhole is accessible via a
narrow track but access is restricted, especially for larger vehicles and caravans owing
to a relatively dense vegetation cover. Some clearings have been created allowing for
camping and other recreational activities. Evidence of woodcutting was observed, but

was isolated and apparently had little to no impact on vegetation structure.

Grazing pressures appear to be minimal on this side of the waterhole and although one
rabbit buckheap and some fresh diggings were observed, no animals were sighted and

impacts appear to be limited.

Overall the riparian condition was good, with all strata present and multiple species
present within each. There was some suggestion of a reduced lower stratum cover of
sub-shrubs and grasses but this is difficult to confirm without time series data at the site
over flooding and drying cycles. No weed impacts were observed. A range of age
classes was observed in overstorey species including new recruits, sub-adults and a
range of adult ages. Chenopod regeneration may be reduced as sub-adult shrubs were
absent on the floodplain. This is difficult to confirm without additional understanding of
floodplain vegetation trajectories in response to elapsed time since last inundation and

the extent and duration of flooding history.

Owing to the steep bank profiles streamside vegetation was dominated by lignum (M.
florulenta) and coolibah (E. coolabah). Channel morphology and hydrology dictates
that there is limited opportunity for extensive sedge zones to occur adjacent to the
stream. Some patches of mixed sedge (Cyperus spp.) were present near to the

Oodnadatta Track in a shallow backwater channel where water levels maintained
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saturated conditions at the observed levels. There are a number of stock access
points to the waterhole where vegetation is absent, but riparian cover is mostly

continuous on the north bank throughout the area surveyed.
Management recommendations:

The waterhole on this bank appears to be in quite good condition, and it appears little
would be achieved by additional management interventions as the south bank
appears to sustain the main impacts. There is a small camping area close to the road
crossing and access further along the waterhole is prevented by a fenceline. If
interventions were undertaken on the south bank steps should be considered to
prevent camping impact levels from increasing on the north bank. From a
management perspective improved understanding of return periods for overbank
flooding would be helpful in ascertaining vegetation condition during rapid
assessment surveys such as the current work. Improved understanding of reference

condition would also be a valuable asset.
Restoration Potential: Moderate

This site is within the floodplain zone and is subjected to relatively frequent

inundation. This site is already in good condition.
Investment Priority: Moderate

Given that this site is already in good condition, not much more improvement would
be expected at the site from further intervention. However ongoing monitoring will be

required to ensure access and impact at this site is not increasing.
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Figure 4. Floodplain ecosystem E. coolab (uIt background, seedling
foreground), Acacia salicina, Eremophila sp

Figure 6. Near the road crossing steep banks with M. Florulenta and E.coolabah
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SITE 2: Algebuckina Waterhole, Neales River — South bank

Site Information

Site: Algebuckina Waterhole (south bank), Neales River
Easting / Northing:

Date: 19 November 2009

Description of feature assessed

e Feature type: Surface flow driven waterhole feature.

o Size /Area: at time of visit, the waterhole extended from the Oodnadatta
Track for at least two kilometres downstream. Shallow and isolated pools
were found as far upstream as the bridge.

e Conceptual understanding: In stream permanent pool

e Recent rainfall / inundation events:

e Depth: At time of visit, depth was around 0.5 m below cease to flow.
Maximum observed depth was >3 m

e Elevation: 60 m

e Vegetation association: Eucalyptus (E. Coolabah) / Lignum (Muehlenbeckia
florulenta) open woodland

Species list of perennials from a rapid survey (annual weeds species have been

included):
Strata Species
Aquatic None expected for this wetland type within this location
Understorey Chloris truncata; Cyperus alterniflora; Cyperus spp.; Erogrostis spp.; samphire

(grasses and forbs) spp, Sclerostegia medullosa.

Shrubs Acacia salicina; Acacia spp; Enchylaena tomentosa; Eremophila spp.;
(low-shrubs and tall-shrubs) Muehlenbeckia florulenta; Nitraria billardierei; Santalum lanceolatum

Trees Eucalyptus coolabah

Figure 7. Looking at north bank Algebuckina waterhole
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Ecosystem values and threats

Table 8. Algebuckina south bank ecosystem values and threats

Indicator Value Description Confidence
1 Riparian plant | MODERATELY | 14 species observed including 14 species of | QUALITATIVE
diversity HIGH known riparian plants
2 Riparian MODERATELY | > 3 habitat classes: deep pools, overhanging | HIGH
habitat HIGH vegetation; flood runners; range of substrates
diversity (bedrock, sand, silt)
3 Hydrological PERMANENT Waterhole considered to be permanent HIGH
Value
4 Salinity SUB-SALINE During site visit (16/11/2009): 766 EC. able to | HIGH
support majority freshwater flora and fauna
5 Designated HIGH High Aboriginal and European significance HIGH
Cultural Site
6 Uniqueness HIGH Only permanent refuge pool on the Neales and | HIGH
Peake catchment
7 Key Aquatic | MODERATELY | Size, permanence, proximity to Lake Eyre and | HIGH
Refuge HIGH key biota (native fish) make this site a critical
refuge.
8 High  threat | ABSENT No weeds observed QUALITATIVE
weeds
9 Exotic PRESENT Very low numbers observed mean virtually no | QUALITATIVE
animals impact
10 | Groundwater ABSENT MODERATE
abstraction
11 | Spring ABSENT HIGH
abstraction
12 | Nutrients ABSENT

Refer Appendix A for interpretation of scoring system

30




Site Condition

Table 9. Algebuckina south bank vegetation condition

Indicator Value Description Confidence
Spatial LARGELY Both width and longitudinal continuity of lignum Observation
Integrity UNMODIFIED and coolibah was intact.
Nativeness LARGELY No perennial weeds were recorded at the site. Observation
UNMODIFIED
Structural LARGELY Possibly some reduction in sub-shrubs and Obsarvation
Integrity UNMODIFIED grasses.
Age Structure | LARGELY Good regeneration of overstorey species, but Observation
UNMODIFIED possibly some reduction in chenopod
regeneration.
Debris SLIGHTLY Significant evidence of wood cutting at camping Observation
MODIFIED sites and along the river bank

Refer Appendix A for interpretation of scoring system

Restoration Potential and Investment Priority

General comments: the south bank of the Algebuckina waterhole is widely

accessible via a well defined side road from the Oodnadatta Track. Site surveyed

was to the east of the track; access also occurs to the western side near to the old

railway bridge, however the waterhole in this reach is not permanent and so the site

was not assessed.

Land use at the surveyed site has historically been a combination of grazing and

tourism, but grazing was recently removed and the main pressure now comes from

camping and recreation.

The riparian edge along the length of the waterhole features a fine soil substrate

sourced from the bed of the pool which has been mobilised and deposited over the

waterhole bank through high flow events. This feature is narrow at the upstream end

fanning out wider at the downstream end; this geomorphic process is discussed in

detail in Wakelin-King (2010). An example of this feature can be seen clearly in

Figure 8 at “The CIiff” waterhole. The soil substrate does not promote dense

establishment of vegetation as it contains fine clay particles which compact and seal

easily when wet. Careful consideration needs to be taken when assessing the

condition of this zone as the bare appearance can give the impression that the site

has had significant grazing impact; however the lower density of vegetation is a

natural feature. The combination of fine clays, soil salinity, inundation level, erosion

and grazing all contribute to the varying condition of this zone. It was noted that the
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vegetation density and structure is much sparser on the south bank than the north

(Fig. 9), with rabbit buckheaps and some fresh diggings observed.

Considerable damage has occurred to the riparian zone along this south bank,
apparently largely through vehicle access. Natural hummocking does occur in this
zone due to trapping of flood mobilised sediment with vegetation growing on the
upstream side and sand deposited on the downstream end (see Fig. 9). However the
lack of a clearly defined single access road had led to multiple tracks being created
facilitating wind erosion and resulting in the loss of vegetation and “erosional”
hummocking of some of the remaining vegetation (see Fig. 11). In addition major

woodcutting impacts were observed along, in particular, the streamside zones where

most camping activity also occurs.

g

-l ot 2
Figure .ine cIay sediments deposited over bank on the riparian
zone of the water hole at “The Cliff
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Figure 9. South bank sparse vegetation density, shwing natural flow
aligned hummocking

Figure 10. Nort bank moderate vegtation density

Management recommendations: The floodplain in general and particularly the
streamside zone would benefit from some management intervention at this site.
Controls over the access of vehicles could be implemented to limit the damage to the
substrate. In addition, installation of signage prohibiting firewood cutting and possibly
some provision of firewood as occurs at Coward Springs camp ground may help

reduce impacts from timber cutting.
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Figure 12. Soil erosion from vehicle access tracks

Restoration Potential: Low - Moderate

The restoration potential may be limited as the soil substrate contains fine clay
particles which compact and seal easily when wet and does not promote
establishment of vegetation (fig 11). In many sites considerable loss of topsoil has
also occurred (fig 11, 12), and may lead to limited re-vegetation success.

Revegetation would be a slow process.

Investment Priority: High
Due to high visitation and potential for further impact further management investment

is required.
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SITE 3: The CIliff Waterhole, Neales River

Site Information

Site: The CIliff, Neales River
Easting / Northing:

Date: 17 November 2009
Description of feature assessed

e Feature type: Waterhole within branch of anastomising channel situated along
the edge of stony plains in wide floodplain environment

e Size /Area: Waterhole was approximately one kilometre in length, typical
width was around 15 metres and depth was less than 2 metres.

e Conceptual understanding: In stream semi-permanent pool

e Recent rainfall / inundation events:

e Depth: This pool is considered to be semi-permanent, a result of its shallow
depth. At the time of survey, water levels were around 0.3 metres below the
cease to flow height, and maximum water depth was below 2 metres. This
pool is unlikely to last for longer than about 12 months without rainfall or flow
inputs.

e FElevation:

e Vegetation association: Eucalyptus (E. Coolabah) / Lignum (Muehlenbeckia
florulenta) open woodland

Species list of perennials from a rapid survey (annual weeds species have been

included):
Strata Species
Aquatic None expected for this wetland type within this location
Understorey samphire spp; (Sclerostegia medullosa. Halosarcia indica)

(grasses and forbs)

Shrubs Acacia salicina Enchylaena tomentosa; Muehlenbeckia florulenta; Myoporum
(low-shrubs and tall-shrubs) montanum; Nitraria billardierei; Santalum lanceolatum
Trees Eucalyptus coolabah
- . :
P
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Ecosystem Values and Threats

Table 10. The Cliff waterhole ecosystem values and threats

Indicator Value Description Confidence

1 Riparian plant | MODERATELY No aquatic species mid-stratum significantly grazed. | QUALITATIVE
diversity HIGH Only seven plant species recorded, with several in

small numbers

2 Riparian MODERATELY | > 3 habitat classes: deep pools, overhanging | HIGH
habitat HIGH vegetation; flood runners; range of substrates
diversity (bedrock, sand, silt)

3 Hydrological SEMI- Waterhole considered to be semi-permanent HIGH
Value PERMANENT

4 Salinity FRESH 381 EC at time of survey HIGH

5 Designated MODERATE- Stock water only use, aboriginal significance | LOW
Cultural Site LOW unknown

6 Uniqueness MODERATE Typical of waterholes of region and riparian zone in MODERATE

poor condition

7 Key Agquatic | Moderate Good fish diversity, but only semi-permanent HIGH
Refuge

8 High  threat | ABSENT No weeds observed QUALITATIVE
weeds

9 Exotic PRESENT Open to stock grazing QUALITATIVE
animals

10 | Groundwater ABSENT MODERATE
abstraction

11 Spring ABSENT HIGH
abstraction

12 Nutrients UNKNOWN Likely to be low with some input from cattle waste QUALITATIVE

Refer Appendix A for interpretation of scoring system
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Site Condition

Table 11. The Cliff waterhole vegetation condition

Indicator Value Description Confidence

Spatial MODERATLEY Many mid-stratum species only exist in narrow Observation

Integrity MODIFIED strips

Nativeness LARGELY No exotic species observed Observation
UNMODIFIED

Structural SLIGHTLY Loss of mid-stratum Observation

Integrity MODIFIED

Age Structure | SLIGHTLY Only two age classes present in overstorey, Observation
MODIFIED reduced cover of mid-stratum

Debris SLIGHTLY Some likely loss of vegetative matter build up, Observation
MODIFIED but woody debris still appears at natural levels

Refer Appendix A for interpretation of scoring system

Restoration Potential and Investment Priority

General comments: This pool is considered to be semi-permanent, a result of its
shallower depth. At the time of survey, water levels were around 0.3 metres below
the cease to flow height, and maximum water depth was below 2 metres. This pool
is unlikely to last for longer than about 12 months without rainfall or flow inputs. The
presence of a small, but steep gibber range adjacent to the waterhole suggests local
runoff inputs would also be received during rainfall events, potentially supplementing

inflows to the pool.

While fringing riparian lignum covered around 80% of the bank and a sparse coolibah
overstorey was present in places, grazing is having a considerable impact on
vegetation structure and spatial distribution particularly on the side facing the gibber
range. Palatable stock species and regenerating coolibah were only observed within
stands of lignum, an indication that this is providing protection from grazing. Grazing
impacts were observed on 100% of mid-stratum species with Dillon bush (Nitraria
billardierei) the only commonly observed shrub species. Species commonly found in
association with Dillon bush, such as Enchylaena tomentosa, were observed but only
within the lignum stands. Santalum lanceolatum was a common tall shrub species
present in the near stream zone, but this too was being impacted by grazing, with
upper most leaves being broken off at around 1.5 metres height resulting in a

dwarfing effect.

While riparian plant diversity and structure were heavily impacted, aquatic

biodiversity at the site is known to be good, with a diverse and numerous native fish
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fauna (D. McNeil, pers comm). Exotic animal impacts are largely unknown with the

exception of some evidence of rabbits observed within stands of lignum.

Management recommendations: this site would benefit from reduced stock grazing
and activity, which would result in an increase in diversity and extent of in particular
mid-stratum species. The absence of regeneration of E. coolabah is likely to impact
the site in future, as no adults are recruiting within the population to replace natural
losses. This will increasingly impact on the ecological values at the site due to the

loss of habitat and shade species.

If fencing were to occur on the range side, quantitative monitoring of the regeneration
at the site should be capable of readily demonstrating environmental improvements.
Key aspects of vegetation to focus on in monitoring would be the distribution of the
mid-stratum species, and also on the regeneration of canopy species currently being

grazed such as E. coolabah.

RO L

Figure 14. The Cliffs Waterhole E.coolabah and M. florulenta association
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Figure 16. Grazing line on riparian zone
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Figue 17. Grazir;g imact on Santalum laneltu

Restoration Potential: High

The riparian zone has been impacted by stock grazing and activity. There is a good
distribution of species along the riparian zone and signs of establishing juvenile

plants in protected sites. This site would recover rapidly.

Investment Priority: Moderate - Low

This site would improve although site is of low visitation. Fencing the site could also

be a problem due to flood activity on a low profile floodplain.
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SITE 4 — Shepherds Waterhole, Neales Creek

Site Information
Site: Shepherds Waterhole, Neales River (adjacent to Oodnadatta)
Easting / Northing:
Date: 19 November 2009
Description of feature assessed
e Feature type: Waterhole within branch of anastomosing channel situated in
wide floodplain environment
o Size / Area: Waterhole was approximately 500 metres in length, typical width
was around 5-8 metres
Conceptual understanding: In stream semi-permanent waterhole
Recent rainfall / inundation events:
Depth: less than 1.2 metres
Elevation:
Vegetation association: Eucalyptus (E. Coolabah) / Lignum (Muehlenbeckia
florulenta) open woodland

Species list of perennials from a rapid survey (annual weeds species have been

included):
Strata Species
Aquatic None expected for this wetland type within this location
Understorey Alternanthera denticulata; Chenopodium auricomum; Cyperus alterniflora;

Cyperus exaltatus.; Enneapogon spp; Eragrostis setifolia; Eulalia aurea;
Malvastrum americanum,; Panicum decompositum, Rhagodia nutans;
samphire spp, Sclerostegia medullosa. Sclerolaena bicornis.

(grasses and forbs)

Shrubs Acacia spp.1(Acacia salicina); Acacia spp; Enchylaena tomentosa; Eremophila
(low-shrubs and tall-shrubs) spp.; Nitraria billardierei; Maireana aphylla; Muehlenbeckia florulenta;
Myoporum montanum

Trees Eucalyptus coolabah
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Ecosystem Values and Threats

Table 12. Shepherd’s waterhole ecosystem values and threats

Indicator Value Description Confidence
1 Riparian LARGELY High vegetation diversity in all strata; 22 species MODERATE
plant UNMODIFIED | recorded, equal highest number of species
diversity found.
2 Riparian LARGELY High density and diversity of vegetation. Levels HIGH
habitat UNMODIFIED | of vegetation cover clearly exceeded that of any
diversity site surveyed. > 3 habitat classes: deep pools,
overhanging vegetation; flood runners;
anastomosing channels
3 Hydrological SEMI- Shallow depth means likely to dry following no- HIGH
Value PERMANENT | flow periods exceeding 1-2 years
4 Salinity FRESH 227 EC HIGH
5 Designated Of European significance as Oodnadatta town MODERATE
. MODERATE- L
Cultural Site HIGH common and water supply dam. Aboriginal
significance unknown.
6 Uniqueness MODERATE | Other similar waterholes are found in the Neales | MODERATE
River system within a short distance both up and
downstream
7 Key Aquatic | \\oocoate | Similar waterholes are present in system, HIGH
Refuge however floodplain vegetation diversity and
habitat condition is optimal
8 | High threat | oo | None observed QUALITATIVE
weeds
9 Exotic PRESENT Very Low grazing level. Horse dung observed QUALITATIVE
animals but low population level
10 Ground\{vater ABSENT None known MODERATE
abstraction
11 | Spring _ ABSENT None known HIGH
abstraction
12| Nutrients UNKNOWN | Due to low stock and native animal impact QUALITATIVE

presumed low

Refer Appendix A for interpretation of scoring system
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Site Condition

Table 13. Shepherd’s waterhole vegetation condition

Indicator Value Description Confidence
Spatial Integrity LARGELY UNMODIFIED | No evidence of vegetation removal or loss Observation
Nativeness LARGELY UNMODIFIED | No exotic species observed Observation
Structural LARGELY UNMODIFIED | Al structural layers present Observation
Integrity

Age Structure LARGELY UNMODIFIED | Adults, juveniles and seedlings of all structural Observation

layers were present
Debris LARGELY UNMODIFIED | High levels of natural debris present Observation

Refer Appendix A for interpretation of scoring system

Restoration Potential and Investment Priority

General comments: This pool is considered to be semi-permanent, a result of its
shallow depth. At the time of survey, water levels were around half a metre below the
cease to flow height, and maximum water depth was below 1.2 metres. Even at full
supply level, the waterhole currently would not have depths exceeding 2 metres.
There was considerable build up of fine anoxic silty sediments rich in organic matter,
suggesting that it has been some time since a flow large enough to totally flush the
waterhole has occurred, a flushing flow could lead to scouring of the substrate that
might increase pool depth. An indicative average depth at the time of survey would
be of the order of 0.5m.

This waterhole and floodplain complex was considered to be the most intact and
closest to reference condition of all the sites visited. Vegetation structure, density
and diversity were noticeably higher than at any other site. This complexity clearly
provided highly favourable habitat for both woodland and water-dependent bird
species, and over 20 species were informally noted during the site visit, the most

diversity observed at any site.

The waterhole itself, while shallow, did have some features not observed at any other
site visited. Most notable was the overhanging streamside vegetation, which
completely shaded the pool for much of its length. The advantages of overhanging
vegetation include not only regulating water temperature fluctuations, but this also
increases the input of terrestrial carbon to the aquatic environment. This would
potentially result in higher levels of productivity relative to other pools in this study,

although assessment of this was beyond the scope of investigations.
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Management recommendations: This site provides the most optimal example of
floodplain vegetation in good condition of all sites observed and would provide a
good reference site for monitoring vegetation change or trajectory in the region.

Maintain current management.

Figure 19. Riparian zone and floodplain showing E. coolabah
regeneration and healthy shrub (E. ) and understory layer

Restoration Potential: Intact

This waterhole lies within a wide low profile floodplain, is relatively frequently
inundated and does not appear to have any salinity features. Its restoration potential
is naturally high and due to the low grazing impact, this site remains in excellent

condition.
Investment Priority: Low

No management intervention is needed at this site, although it does represent a
flood-plain ecosystem in excellent natural condition and the site should continue to

be managed to maintain these values.
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Figure 21. Diverse riparian zone featuring a healthy range of shrub age classes
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Figure 22. Floodplain featuring regenerating E. coolabah regeneration and healthy perennial grass
cover
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Site 5: Hookeys Waterhole, Neales River

Site Information

Site: Hookeys Waterhole, Neales River
Easting / Northing:
Date: 19 November 2009
Description of feature assessed
e Feature type: Waterhole within branch of anastomising channel situated in
broad floodplain environment
e Size /Area: waterhole was approximately one kilometre in length, typical
width was around 10-12 metres
Conceptual understanding: Semi-permanent waterhole
Recent rainfall / inundation events:
Depth: The depth exceeded 2 metres (maximum depth not recorded).
Elevation:
Vegetation association: Eucalyptus (E.camaldulensis / E. Coolabah) / Lignum
(Muehlenbeckia florulenta) open woodland

Species list of perennials from a rapid survey (annual weeds species have been

included):
Strata Species
Aquatic None expected for this wetland type within this location:
Understorey Bamboo spp.; Cyperus alterniflora; Cyperus exaltatus.; Enneapogon spp;

Eragrostis spp; Eulalia aurea; Malvastrum americanum; Sclerolaena bicornis;

(grasses and forbs) Sclerolaena intricata; Zygophyllum spp.

Shrubs Acacia stenophylla; Acacia tetragonaphylla Acacia spp(Acacia salicina);

(low-shrubs and tall-shrubs) Enchylaena tomentosa; Eremophila macdonnellii; Eremophila spp;
Muehlenbeckia florulenta;, Myoporum montanum;, Nitraria billardierei Santalum
lanceolatum;

Trees Eucalyptus camaldulensis; Eucalyptus coolabah

plant species
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Ecosystem Values and Threats

Table 14. Hookey waterhole ecosystem values and threats

Indicator Value Description Confidence
1 Riparian LARGELY | High vegetation diversity in all strata; 22 species HIGH
plant UNMODIFIE | recorded, equal highest number of species found.
diversity D
2 Riparian HIGH > 3 habitat classes: deep pools, overhanging vegetation; HIGH
habitat flood runners; instream snags
diversity
3 Hydrologic SEMI- Semi-permanent HIGH
al Value PERI\/_II_ANEN
4 Salinity FRESH 222 EC HIGH
S Designate HIGH Designated aboriginal heritage site. HIGH
d Cultural
Site
6 Uniquenes | \\operaTE | Considered to be close to the southern most extent of LOW
S - HIGH E.camaldulensis in the catchment, indicating freshwater
and low salinity at the site
7 iey ) MODERATE | Semi-permanent freshwater waterhole, in drought MODERATE
quatic periods is known not to support full diversity of fish
Refuge species.
8 High threat | oocoent | Bamboo observed on west bank and mallow weed also HIGH
weeds present (although not high threat).
9 EX_OtiCI PRESENT | Stock grazing (cattle) on west bank, east bank under MODERATE
animals conservation agreement as Aboriginal Heritage Site.
Horse grazing present.
10 Srroundwat ABSENT MODERATE
abstraction
11 | Spring . ABSENT HIGH
abstraction
12 | Nutrients UNKNOWN | Due to low stock and native animal impact presumed

low

Refer Appendix A for interpretation of scoring system
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Site Condition

Table 15. Hookey waterhole vegetation condition

Indicator Value Description Confidence

Spatial Integrity LARGELY UNMODIEIED | Some localised degradation of floodplain zone Observation

indicated at southern end of waterhole outside
the designated cultural site.

Nativeness LARGELY UNMODIFIED | Bamboo and mallow weed present Observation
Structural LARGELY UNMODIFIED | Some localised loss of shrub layer at southern Observation
Integrity end of waterhole outside the designated cultural

site.
Age Structure SLIGHTLY MODIFIED | Redgum and coolibah were spatially restricted, Observation

and redgum was absent from streamside zone.

Debris SLIGHTLY MODIFIED | Some woodcutting and firewood collection. In Observation

stream debris was good.

Refer Appendix A for interpretation of scoring system

Restoration Potential and Investment Priority
General comments: Stock grazing (cattle) on west bank, east bank under

conservation agreement as Aboriginal Heritage Site.

Maximum water depth was not assessed at this site, but as this pool is considered to
be permanent it was likely to exceed 2.5 metres. At the time of survey water level

was around 0.5 metres below the cease to flow line.

One of the furthest downstream locations of E.camaldulensis suggests that there is a
shallow freshwater aquifer lens enabling this species to persist at the site.
E.camaldulensis has a much lower salinity tolerance than E. coolibah which

dominates the riparian vegetation along the Neales and Peake Creeks.

This site featured good riparian vegetation, with some modification of floodplain
vegetation structure as a result of grazing. The streamside zone was notable for the
presence of river red gums, which in association with coolibah created a good
canopy cover in places shading much of the waterhole. There was some suggestion
that visitor and stock access may have impacted the lignum cover, which was sparse

and restricted to one end of the waterhole.

Management recommendations: There is also significant localised impact at the
site from visitor access close to the road with soil compaction, bank erosion and
firewood cutting. The Aboriginal heritage site further along the water hole is fenced

off and the ecosystem is in good condition.
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Restoration Potential: Moderate - High

The site of greatest impact is the localised visitation site close to the road (see
below). Due to the close proximity of the well vegetated Aboriginal heritage site and
the landform features resulting in frequent inundation, the site would respond well to

rehabilitation.
Investment Priority: High

Removal of the bamboo stand is highly recommended whilst this remains a small
isolated patch. Some structures and signage to reduce visitation impact at sites

would be beneficial.

Figure 24. Hookeys waterhole, historical chinese vegetable garden,
Jerry Ah Chee Photo: Courtesy of Oodnadatta museum
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Site 6: Peake Bridge, Peake Creek

Site Information

Site: Railway crossing waterhole, Peake Creek
Easting / Northing:

Date: 20 November 2009

Description of feature assessed

Feature type: Waterhole within channel between two ridges creating a flow
constriction

Size / Area: Waterhole was approximately 200 metres in length, typical width
was around 8-10 metres.

Conceptual understanding: Semi-permanent waterhole

Recent rainfall / inundation events:

Depth: Maximum depth thought to be less than 2 metres

Elevation:

Vegetation association: Eucalyptus (E. Coolabah) / Lignum (Muehlenbeckia
florulenta) / Oldman saltbush (Atriplex nummularia) open woodland

Species list of perennials from a rapid survey

Strata Species
Aquatic None expected for this wetland type within this location
Understorey Erogrostis setifolia; samphire spp; (Sclerostegia medullosa). (Halosarcia

(grasses and forbs)

indica);

Shrubs Acacia spp; Atriplex nummularia; Enchylaena tomentosa; Muehlenbeckia
(low-shrubs and tall-shrubs) florulenta; Nitraria billardierei; Sclerolaena bicornis
Trees Eucalyptus coolabah

=
Figure 31. Peake creak saline waterhole looking downstream from the railway
crossing
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Ecosystem Values and Threats

Table 16. Peake waterhole ecosystem values and threats
Indicator Value Description Confidence
1 Rlipatrian LOW IMPACT | 10 species observed, likely to be close to reference, MODERATE
plant some possible grazing impact Some possible grazing
diversity related changes to vegetation diversity on south bank
2 Riparian LOW - 1 habitat class: deep pool. No overhanging HIGH
habitat MODERATE vegetation; flood runners or instream snags
diversity
3 Hydrologic SEMI- Shallow pool unlikely to last more than 6 — 12 months HIGH
al Value PERMANENT | without flow unless site has groundwater input
4 | Salinity HYPERSALIN | 177,000 EC HIGH
E
5 Designate LOW Unknown cultural significance, thought to be unlikely MODERATE
g't Cultural owing to salinity and semi-permanence
ite
6 ;Jniquenes MOIID_%WTE- A number of saline pools are known in this system MODERATE
7 Key i MODERATE- Salinity extremely limiting 'to b/:ota, and only semi- MODERATE
quatic LOW permanent — however native fish were observed
Refuge
8 | High threat ABSENT None observed QUALITATIV
weeds E
9 E;‘i?;i:ls PRESENT Area has stock access but currently no signs of stock QUAL|ETAT|V
10 eGrroundwat ABSENT None observed MODERATE
abstraction
11 Spring ) ABSENT None observed HIGH
abstraction
12| Nutrients UNKNOWN Due to low stock and native animal impact presumed

low

Refer Appendix A for interpretation of scoring system
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Site Condition

Table 17. Peake waterhole vegetation condition

Indicator Value Description Confidence

Spatial Integrity LARGELY UNMODIEIED | Large floodplain dominated by coolibah, Atriplex | Observation
and Dillon bush.

Nativeness LARGELY UNMODIFIED | No high threat weed species observed Observation

Structural SLIGHTLY MODIFIED | Some loss of sub-shrubs and possibly grasses Observation

Integrity from grazing or lack of recent floods

Age Structure LARGELY UNMODIFIED | Regeneration observed for coolibah and Old Observation
man saltbush. Three age classes present.

Debris LARGELY UNMODIEIED | No obvious difference from natural conditions, Observation
no evidence of woodcutting

Refer Appendix A for interpretation of scoring system

Restoration Potential and Investment Priority

General comments: This pool is semi-permanent, a result of its shallow depth. At
time of survey water level was around 1.5 metres below cease-to-flow. It is also
hyper-saline with salinities exceeding 170,000 EC. The waterhole is located in the
mid channel, and the channel itself is well below the elevation of the floodplain. No
overhanging vegetation was observed in the channel, which exhibited some surface

salinisation, and fringing vegetation was limited to samphire species.

The floodplain on the left bank (facing downstream) and right banks had different soil
types, with the left bank containing sandy red soils and the right bank silty loams.
Grazing intensity appears to be greater on the left bank as many of the species found
on the right bank, particularly regenerating Oldman saltbush (Atriplex nummularia)
were absent from the left bank. However this could also be due to differences in bank
elevation and soil type indicative of potential flood inundation on the right bank, but

without further information this assessment is only theoretical.

Management recommendations: Although this site shows indications of historical
grazing impact further investigation is required to determine whether soil types and
landform are unfavourable for establishing greater density of vegetation. The pool
water salinity is such that stock would not drink from the pool with the vegetation
within the channel reflecting the high salinity. No aquatic species were observed. The
waterhole ecosystem is disconnected from the floodplain and its associated
vegetation. The site was of interest as a saline site for comparison freshwater

waterhole systems.

55




Restoration Potential: Moderate

The right bank has a higher restoration potential as shown by the current significant
re-establishment of Oldman saltbush. The left bank soil types and landform may be
unfavourable for establishing greater density of vegetation as shown by the sparse

density of shrub layer vegetation. Further information is required to assess whether

historical grazing has had a significant impact at this site.
Investment Priority: Low

This is due to the low aquatic ecosystem values of the water-hole and surrounding

vegetation.

Figure 32. Left bank (downstream) E. coolabah regeneration

Figure 33. Landscape showing sparse mid story vegetation with
some shrub regeneration in mid and foreground
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Figure 34. Right bank (downstream) showing Oldman saltbush (A. nummularia) regeneration

e Tag

Figure 35. Right ban (ownsrea) wing Oldansaltbush (A nmulaia) regeneration

57



8¢

c [eA9] siy} mojaq punoy AjLiofepy 005°Ge 00€GL (mojeq sajou 88s) spoo.q piiq JojeM spiig
€c [9A8] Sy} 0] Juei9jo} 8le JSop 00£9L-00L%1 000°04-008°8 ysi jnpy
4 sainby esayy usamjaq jewndo 00€'8-000°G 000°G-000°€ diysioninins ‘sjes Ypmo.b ysiy ejiusany
Z S}odjje 8sienpy 00S°£-00€°€ 00S #-000°C sbbo pausp.ey-aid ysy sjiusang ysi4
v deAle| sapnjodld 000°9< 00€°¢<
(eleqysny uiejse3-yinos ‘ds uowwod g)
v aoussaid ajodpe} Jiwi Jou pjnoys Siy} uey) SSa| salIuIesS 000°€> 008°L> sboi- sboi
z exej }sow o) vouabiswa paonpal Apuedyiubis 00€‘c 0002 aousbiawg
[eA8] siy} eA0qe pides sse ebuey) 00£°9L< 000°04<
“ds juets|o} Jojemysa.j JSopy 000°G> 000°c> aInjonys
[ Al ssaJjs [e2160]029 oI 00/L> 000°L> Apunwwoo ur sebueys Juesljubls | SejeiqaLieoAul-01oeyy
SU0J}o[9)SOXd
a/qeawadwl JNOYHM SajeiqaLIaAuUloIoBy
sjens| Ajuies (swuomjey) ‘seyoss| U0J}8[8)S0Xd
z abue. pajiwi| eroqe jeyja] ul uoljeAs|a oj Jueiajo} JoN ‘eipAy) swsiuebio JejnjponNw jjews ou — sjewiuy
ez [SEEVERTIEY Yol 74 00€°‘€< 0002< | (euuense) ‘eonsjejsyy 1dAleon3) seai] uenedly — sjueld
wajsAs pajeulwiop jew [eiqosdiu pue (mojeq seousisjoy
I pajeulwop uopjuejdoifyd Jo s)fydoisoew usemiaq pjoysaiy | 001°991< 000°00L< 99S) Wo)SAS pajeulwiop jew [elqoioIy
z spuejjem wo.j seaddesig 0029 000 sojfydosoew jueuwoqg
Z spuejom wioly sesaddesig 00£8-002°} 000'6-000°} (ds ejjouN) spemauols pabiawqns
z spuepam woly Jjeaddesiqg 000°G-00/°} 000°€—000°L (ds eseyn) spemeuojs pebiawigns
£C 8uwios J0j [eyja] ‘SJO8Ye [eyle|qnS 00€°€-00L°L 000C—000°} sejfydosoew pabiowqns jsopy
(sayfydojey uou) yuui
) aoueJs|o} Jaddn 0} uoneujuwisb uo joedwi juesliubis wo.i-H 00/°9-00/ ‘L 000‘7—000°L sjue|d onenby
L jueisjo} jou sebye jo Ajiofepy 00£°94< 000°04< oeb|y onenby - syueld
«(Wo/sT)
oousI8joy 10843 D3 pjoysaiy (wdd)/(7/6w) pjoysauy | exe| dnoig

‘spjoysaiyl Ayuijes swajsAsoog oenby gL a|qel

sploysaliyy Ajiuijes — swalsAsoos oljenby "d XIANIAAY




65

000°0S< | 8ulesiodAH

000°0S —000°0Z | dullesosayy
000°02-000°¢ | @ullesodAH
000¢€ - 00§ auljesqns
009> ysai4

(1/6w) sa.L Aiobejen

(2 8 9 ‘G @ouaua)ay) ANuljes walsAsooa aye jo salobajen gl a|qel

(0L)¥8-G2
'dd ¢ 2100z Asenuep ‘| JequinN ‘gG awnjo/ ‘ABojoig Jajemysaly ‘uolnjesiulles Alepuodas Aq pajoedwi spuejiem Jo dlesow adeospue| e ul Ajuljes pue sejodpe} ueinue usam}aq
suoneoossy (£00g) Aouely wil pue ‘uir oeybueyd ‘nquiny daieQ ‘sluus yiny ‘snod suueor ‘YbnQ Ajgey ‘Inoyoy sBYdIN ‘Jeqieiyos suiges ‘Ynws r18eydliN ()

"SWa)SAS pajeulwiop jew [eliqoudiiy

{0} spuejiam pajeuiwop — uopjuejdoifyd Jo ajhydosoew pabilowgng

‘0] spuepiam pajeujwop — ajAydosoew juablawa Jajemysal

:Ajuijes Buisealoul Ag paouan|jul SPUBIOM MO|[eYS Ul PaILIIUSPI SBIB)S 81aM SAIBUIBYE daJy |

"'20/ — 689 ‘LS ‘Auejog Jo [euinor Uelesisny “sasealoul Ajulies woly swalsAs onenbe 0] ysu [e0160]j00]
(£002) HIN @219 “YI qgoph ‘Sd oXeT ‘19 HWeH Ul ‘pZ/-Gl/ ‘1S Auejog JO [BUINOp UeljeASNY “[9poW Saje)s-aAieuls)e ue Buisn Aq swajsAsoos onenbe mojjeys uo uonesiuijes
Aiepuooas o spoedwi Bunoipaid :jes ppe noA uaym suaddey jeypn (£002) 7 WIS ‘N SUOAT Y pusoi4 ‘¥ qUIODII ‘d ZIMOIOH ‘Q uoliweH ‘S asjeH ‘| 2lIN9o ‘I siaeq (g)

[([e 10 A9]|01S) spJigialem uo sjoaye 10alip Buisned asoy) Mojaq |[am S|aAd| AJuljes Je pajoaye
Aj@sianpe aq 0} Ajoy1| a4e sdnolib olwouoxe} 8say) JoAemMOH “(Poo} J0}) salelgalaAul pue (JaAo9 pue Buiisau ‘pooy Joy) sejhydoloew uodn juspuadep Ajjoalip ale spaiqialepn,

. Aisteaipolq uo joedul saijebau e aaey Aew sswiy sjeldolddeul 1e swisisAs suljes o} Ja)eMysal) Jo saysny T,

. [ens] swes ay 0]
dn pjing mojs e saop uey) walsAs e ul AlISIaAIPOI]g JO SSO| pue Ajljenow Jaybiy asneo o Ajeyl| SI Il Se PapIOAR 8¢ PINOYS SWaISAS Jajemysal) OJul J8Jem auljes Jo ases|al pas|nd,

‘€12 —€0. ‘1S ‘Auejog
JO |eulnor uelesisny "MalAal e ;Juswabeuew Jajem auljes Joj suonedldwi pue sjaas| Ajules Buisi 0} ejoiq Jajemysal) Jo sasuodsay (£002) L uehy ‘T ued ‘ry Apaquiny (2)

"'G99-GG9 ‘LG ‘Auejog JO |euinop UelensSNY “BlleliSNY Ul SWa)sAsoos Jsjemysad) uo Ajuiies Buisessoul Jo sjoayT (£002) SA umpleg ‘NS seay ‘YN ooig “1g uss|ieN (1)
1S9)JOU pue S92UDIBYRY

800¢ pasinal ‘elfessny Yinos Og1MA ZI0YoS Us|D :1oHp3
03 001 O} PEPUNOI ‘9°( UOISIBAUOD T/Bw 0} 9GZ® O3,



09

(8661 B 10
sajeH "6°8) 000‘0G UeY) Jayled 00009 SBWIBWOS pue 000‘0Z Uey) Jayiel 000‘S| SI 4o-1no sawiawos ybnoyye saipnis Auew Ag papoddns ale sjjo-1nd asay |
(/6w 000°0S < aules-1adAy ‘|/Bw 000‘0S-000°0Z dules-osaw ‘|/Bw 000‘0Z-000°C dules-odAy :sauobajed aauy) ojul spuepjam auljes bBupealq paisabbns
(9861) JewweH Jaye (ge6l) swuwi] -sabejquasse eune} ajAydojey Jo sadA) pue [aAg] Ajlulies usamiaq diysuonejal Jeajo e i3S Sl alay) |/bw 000‘S aA0qQy

(8661 '[B 12 @S|eH ‘G00Z ‘/e Jo Jepuld ‘€661 swwi] Ag pajonb 9gg| JowweH ‘L 00z uojnog @ swuwl|
/661 ‘€661 SWWIL ‘L86L SWEIIA) PIoUsaly) ysadyaules ay) se |/Bw 0p0‘e Jo} Hoddns snowiueun Ajjenuia si 218y} pue /Bu 000'-000° L Usamiaq uoisues)
|eoibojooe |njBuluesw e sI aiay) Jesjo Anaid si ) ‘pjoysaiyl ysauj-asuljes Aue Jo ainjeu Aiesqigie pue Ajjigelea jejodws) ay) o) juiod sioyine Auew 8jIyAA

(8002 Vd3 Q1O UOPSH BUET Y}iM UOISSNOSIP WO J0BIIXS UY

'682-69¢ :292 BIBO[0IGOIPAH “BIfeLISNY ‘SS[EA UINOS MBN PUE|UI ‘00Jed BU) JO Saxe]| dulles ‘€661 “A 'g ‘Swwil (2)

L0Z-161 :18€ ©1BO0j0IqOIPAH "SaME e Ul SaNIUNWWIOD [e2160]0lq JO 8INJONJS SU) JO JueuILLB)p & se Aulles (8661) ‘A'M SWEIIA (9)
'dd 91,9 1yoa1pIOQ ‘SIBYSIAN MUNF "M I "PHOM 9} JO SWaIsAs00T a3e] aulles "9861 L N JowweH ()

((Z'V a19el) sajou pue saoudId}eY



REFERENCES

Bunn, S.E., Davies, P.M. and Winning, M. (2003) Sources of organic carbon
supporting the food web of an arid zone floodplain river. Freshwater Biology 48, 619—
635

Bunn, SE., Thoms, MC., Hamilton, SK., and Capon, SJ. (2006) Flow variability in
dryland rivers: boom, bust and the bits in between River Research and Applications
22 (2) pp. 179 — 186

Capon, S.J. (2003). Plant community responses to wetting and drying in a large arid
floodplain. River Research and Applications 19: 509-520. Volume 19, Issue 5-6,
pages 509-520

Costelloe, J.F., Hudson, P.J., Pritchard, J.C., Puckridge, J.T., Reid, J.R.W., (2004)
ARIDFLO Environmental Flow Requirements of Arid Zone Rivers with Particular
Reference to the Lake Eyre Drainage Basin School of Earth and Environmental
Sciences, University of Adelaide, Adelaide. Final Report to South Australian
Department of Water, Land and Biodiversity Conservation and Commonwealth
Department of Environment and Heritage

Costelloe, J.F, Payne, E., Woodrow, |.E., Irvine, E.C., Western, AW. and Leaney,
F.W. (2008). Water sources accessed by arid zone riparian trees in highly saline
environments, Australia. Oecologia 156: 43-52.

DEH 2007 (unpublished). Planning Concepts for the Conservation of biodiversity -
Information to support regional Natural Resources Management Planning.

Kerle J.A. (2005). Collation and review of stem density data and thinning
prescriptions for the vegetation communities of New South Wales. Report prepared
for Department of Environment and Conservation.

Payne, E.G., Costelloe, J.F., Woodrow, I|.E., Irviine, E.C., Western, A.W., and
Herczeg A.L. (2006). Riparian tree water use by Eucalyptus coolabah in the Lake
Eyre Basin. In: Hydrology and Water Resources Symposium: Past Present & Future.
Sandy Bay, Tas.

Roberts, J. and Marston, F. (in prep) Water regime of wetland and floodplain plants.
National Water Commission, Canberra.

Roberts, J., Hale, J., Jansen, A., Dixon, |. and Kobryn, H. (2009). Indicator Protocol:
River (riparian) vegetation. Supporting Report. Report prepared for River Health
Consulting Group, Department of Water, Environment, Heritage and the Arts.
January 2009.

Scholz, G. and Fee, B. 2008, A Framework for the Identification of Wetland Condition
Indicators: A National Trial — South Australia Report DEP19, Government of South
Australia, through Department of Water, Land and Biodiversity Conservation,
Adelaide

Wakelin-King, G.A. (2010) Geomorphological assessment and analysis of the Neales
Catchment. South Australian Arid Lands Natural Resources Management Board

61



Webb, M., Reid, M., Capon. S., Thoms, M., Rayburg, S., and James, C. (2006) Are
flood plain—wetland plant communities determined by seed bank composition or
inundation periods? Sediment Dynamics and the Hydromorphology of Fluvial
Systems (Proceedings of a symposium held in Dundee, UK, July 2006). IAHS Publ.
306, 2006. 241

Wilson, G.G., Wilson, T.O., Berney, P.J.and Sisson, J.L. (2009). Managing
environmental flows in an agricultural landscape: the Lower Gwydir floodplain. Final
report to the Australian Government Department of the Environment, Water, Heritage
and the Arts. Ecosystem Management, School of Environment and Rural Science,
University of New England, Armidale. September 2009.

White, M., and Scholz, G. (2009). Prioritising springs of ecological significance in the

Flinders Ranges. DWLBC report 2009/16, Government of South Australia through
Department of Water land and Biodiversity Conservation.

62





