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EXECUTIVE SUMMARY

This report summarises the current state of knowledge of the geomorphology of
Cooper Creek in the Strzelecki Plain. This information is relevant to management
because in an arid zone resource-limited system, the processes which control the
distribution of water and nutrients underpin all ecosystems. Cooper Creek's key
behaviour, upon which the ecosystems depend, is big floods that travel slowly.

Cooper Creek supports arid-zone wetlands because of its length: its upper catchment
(in Queensland) receives monsoonal rainfall, which is transferred into the Strzelecki
Desert by flooding. Its flow pattern is naturally extremely variable. The ecosystems
and landforms are developed to work with alternating droughts and floods, and floods
are required to preserve the waterholes and water the wetlands. The management
goal must be to preserve the natural variability of the flow pattern. This precludes
water-affecting activities in the upper (including Queensland) catchment: water
extraction, attenuation of flood peaks, or continuous release of artificial waters.

Cooper Creek has a complex landform assemblage, including channels (simple,
compound, ephemeral, and permanent), waterholes, floodplains, swamps, lakes,
claypans, and palaeodrainages. The present-day drainage network, and the
palaeodrainages which preceded it, have process relationships with equally complex
dunefield assemblages. The Strzelecki Plain has many lakes and dry palaeolakes
formed by combined fluvial, aeolian, and lacustrine processes.

The complex geomorphology contains landform elements that mediate (retard and
retain) flows that pass through it. This permits rich and diverse ecologies to flourish.
These elements include sills, swamps, and small sinuous channels in dense
networks. It is critical that the primary flow paths should not be occluded (i.e.
obstructed so flows may continue to water downstream ecosystems), while the
landform elements that mediate flow routing should be preserved from erosion (so
flows may continue to water the ecosystems through which they pass). To this end:

e planning for infrastructure placement should include process-based informed
identification of diffuse or subtle flow paths;

e infrastructure should be designed to avoid, or minimise occlusion of, the
important flow paths;

e where raised infrastructure must be installed across through-flow paths,
culverts and bridges should be installed;

e culvert and bridge design and placement should be improved to ensure that
all flow pathways and flood heights are catered for, and that flow
concentration does not occur;
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e existing installations should be reassessed in the light of the 2010-2012 flow
events.

Riparian vegetation is an important part of the landform processes that maintain
channel integrity and waterhole depth. Its density and diversity should be preserved.

Complex local mechanisms influence groundwater recharge from surface waters.
Any required groundwater monitoring should be site-specific and start with a base-
level study.

The well-watered and complex landforms provide pathways for cane toad invasion.
Establishment of permanent populations is possible, particularly given the human-
created permanent waters intersecting with the natural drainage network. Even if cold
winter temperatures preclude establishment (which is not at all certain), opportunistic
cane toad breeding on inundated floodplains will be detrimental to native fish
populations during their flood-time recruitment phases. Opportunities to slow, control
or monitor cane toad invasion exist along "weakest-link" reaches in the Queensland
(Windorah to Nappa Merrie) section of Cooper Creek, and at the narrowest sections
of the Innamincka Valley (the Cullyamurra Choke, and Nappa Merrie bridge).

The Strzelecki Plain falls into eight geomorphic zones (Geomorphic Zones Map),
each characterised by a particular history of landscape evolution, suite of modern-
day geomorphic processes, and characteristic risk factors. The geomorphic zones
therefore also represent management zones. Although many risk factors may apply
anywhere, the geomorphic management zone characteristics are:

e Innamincka valley: Cooper Creek is confined between rocky valley walls and
high terraces; risk factors include erosion and gullying developing from
human pathways between high and low surfaces.

e Cooper Creek Fan (including Inner Fan with Fan Apex, and Outer Fan):
Cooper Creek is semi-confined by high terraces and other fluvial deposits,
and is characterised by small distributary channels; risk factors include
erosion and gullying at offtakes and sills, which may lead to diversion of water
away from the primary flow path. The sills separating Strzelecki Creek from
Cooper Creek are of particular concern. Five vulnerable zones are identified
(one being the Innamincka Town Common).

e Outer Cooper Creek Fan: Cooper Creek is largely unconfined, and dominated
by distributary drainage (including the division of the parent channel into the
Main and North West Branches); risk factors include occlusion of or damage
to the flow path by infrastructure.

e The Coongie Lakes: this area contains lakes, swamps, and linking channels,
including Ramsar-listed wetlands; complex flow routing depends on the
interaction between flood peaks and flow-mediating landforms; risk factors
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include loss of natural flow variability, flow occlusion, and damage which
lowers the elevation of flow-mediating landforms.

e The northern overflows: poorly-defined flow pathways, comprising intermittent
channels, and lakes from the North West Branch's overflow, rejoin the
swamps and small channels of the Main Branch; risk factors include loss of
natural flow variability.

e The southern Strzelecki Plain: including large lakes (Gregory, Blanche, and
Callabonna), Strzelecki Creek, Cooper Creek's small intermittent channels
and inundated areas, and lakes (including Lake Hope); risk factors include
loss of natural flow variability in the upper (Queensland) catchment, and sill
breaches diverting Cooper Creek flow down Strzelecki Creek.

e The Tirari reaches, including the Kopperamanna Floodout: a broad floodout
with discontinuous flow path, then a sinuous single channel within an incised
channel belt; risk factors include loss of natural flow variability.

Human activities (tourism, resources exploration and extraction, pastoralism, and
civil development) can impact landforms. Existing legislation covers most aspects of
human activity, however there is a lack of coordination and information-sharing
between governing bodies, especially with respect to the special conditions of the
arid zone. Information on designing and managing infrastructure in the Strzelecki
Desert exists in an uncoordinated and uncatalogued way, and this is a real barrier to
effective good practice. All human activities should be equally held to a standard of
environmental care. To this end:

e A coordinating mechanism should exist to integrate the many legislations
and jurisdictions of activities across the Strzelecki Plain, and to act as a
clearing house of relevant information specific to the area.

e Regulation without enforcement is worthless; compliance oversight must be
supported by a public service which is properly resourced.

e A mechanism should exist to provide information and environmental
assessment services to poorly-resourced civil authorities.

Tourism in the Strzelecki Plain is valuable economically, and in its capacity to build
positive relationships between desert communities and urban taxpayers. Tourist
numbers are small but increasing, and negative impacts though currently few are
likely to increase. Management strategies for 1) erosion along straight-down human
and vehicle pathways, 2) erosion and devegetation around water access, 3) rubbish
and toilet paper, and 4) the placement of tourist infrastructure with respect to
landform age and renewability, are discussed.
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Glossary

Avulsion: where a river channel relocates, often rapidly or catastrophically

Corrasion: to be eroded by abrasion

Depocentre: the location of the deepest deposit in a sedimentary basin, may be
expressed at ground surface as a lake

Lacustrine: relating to lakes
Occluded: blocked or partially blocked

Palaeodrainages: river networks which were active in the past, but are not presently
part of the primary flow path

Palaeolakes: places that were lakes in the geological past, but are not now lakes.

Seiche: a wave that oscillates in lakes or other waterbodies, over a few minutes to a
few hours, as a result of seismic or atmospheric disturbance
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PART 1: REPORT & RECOMMENDATIONS

1. INTRODUCTION

In the arid zone landscape, limitations on resources (water and nutrients) requires
understanding of the geomorphological processes that govern resource distribution,
in order to underpin assessments of ecosystem health. During 2011-2012, the South
Australian Arid Lands Natural Resources Management Board (SAALNRM) undertook
the (Caring for Country) Cooper Creek project “Managing the high ecological value
aguatic ecosystems (HEVAE) of the Cooper Creek catchment (SA section)”. A sub-
project examining the geomorphology of Cooper Creek is the subject of this report.
This sub-project’s aim was to provide information to complement and support reports
from the other disciplines (Costelloe 2012, Gillen & Reid 2012, Lee 2013, Reid &
Gillen 2012, and Schmarr et al. 2012). The study area encompasses Cooper Creek's
catchment within South Australia, including a 30-km section of the Innamincka valley
extending into Queensland. In addition, an area extending northeast ~400 km
upstream from the South Australia-Queensland border was assessed in remote
study, as the geomorphology is of direct relevance to the aims of this project. The
aims of this project were to:

e assess the geomorphological processes and landscape characteristics of the
Cooper Creek catchment (SA section);

e assess the fluvial features contributing to the physical diversity of waterholes,
and identify the spatial and temporal range of ecological refugia;

e assess landforms with respect to potential for harbouring feral cane toads
(presented as a separate report, “Cane Toads and South Australian Arid
Lands Geomorphology”);

e indicate the stability and sources of ecological functioning, across scales of
time and space ranging from the human (years to decades, and meters to
kilometres) to the geological (tens of thousands to millions of years, and
kilometres to several hundreds of kilometres);

e identify potential on-ground management activities which will contribute to
sustainable use and management of the catchment.

This report comprises two parts. “Part 1. Report and Recommendations” contains the
results of this investigation, and the recommendations arising from it. The
accompanying “Part 2: Technical Appendix” includes the information leading to the
main report: the methodology, desktop study of the regional context, field
observations, analysis and synthesis. Part 1 includes summarised results from
published literature; the literature review where all information is attributed and cited
is in Part 2. Place names within the study area are shown in the Locations map, Fig.
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2, and Table 1. The inclusion of a place in this report does not indicate that public
access is allowed, nor does it guarantee that access is physically possible

Table 1. Location of places mentioned in text.

*Merrimelia and Panadinnie Waterhole locations are ambiguous; location names here are as per the
SANTOS map.

Name Type Easting Northing
Windorah Town 142.655 -25.422
Innamincka Town 140.737 -27.747
Maapoo Waterhole Waterhole 141.288 -27.592
o Nappa Merrie Waterhole Waterhole 141.138 -27.591
§ Nappaoonie Waterhole Waterhole 141.049 -27.651
—S Cullyamurra Choke Reach 140.896 -27.712
.E Cullyamurra Waterhole Waterhole 140.840 -27.701
ﬁ Burke Waterhole Waterhole 140.779 -27.720
g Mulkonbar Waterhole waterhole 140.747 -27.728
Szl offtake 140.734 -27.751
Town Common camping ground 140.73 -27.75
Burlieburlie Waterhole waterhole 140.727 -27.803
Queerbiddie Waterhole waterhole 140.731 -27.748
Sz3 offtake 140.707 -27.759
Sz4 offtake 140.711 -27.759
Sz2 offtake 140.683 -27.770
Minkie Waterhole waterhole 140.635 -27.777
Ooranie Creek Offtake 140.626 -27.776
Tilcha Waterhole waterhole 140.607 -27.759
Wills’ Grave Reach 140.600 -27.755
Marpoo Waterhole waterhole 140.587 -27.758
Wilpinnie Creek offtake 140.529 -27.777
Munga Munga Waterhole waterhole 140.517 -27.814
F1 offtake 140.483 -27.766
F2 offtake 140.455 -27.646
Napiowie Waterhole palaeodrainage 140.501 -27.726
waterhole
Montepirie Waterhole palaeodrainage 140.572 -27.712
waterhole
Durantie Waterhole palaeodrainage 140.608 -27.676
= waterhole
i Scrubby Camp Waterhole waterhole 140.386 -27.662
§ Mundrangie Waterhole waterhole 140.249 -27.612
E’_ Eulcaminga Waterhole waterhole 140.301 -27.592
[®]
8 Tirrawarra Waterhole waterhole 140.153 -27.439
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Name Type Easting Northing
Merrimelia Waterhole * waterhole 140.289 -27.765
Panadinnie Waterhole* waterhole 140.245 -27.732
Embarka Waterhole waterhole 140.194 -27.675
Embarka Swamp swamp 140.151 -27.658
Narie Waterhole channel 140.067 -27.449
Toonman Waterhole palaeodrainage 140.070 -27.424
waterhole
Chillimookoo Waterhole palaeodrainage 139.971 -27.390
waterhole
southern end of Christmas Creek | palaeodrainage 139.905 -27.365
Gidgealpa Waterhole palaeodrainage 140.150 -27.818
waterhole
Tirrawarra Swamp swamp 140.142 -27.386
Kudriemitchie Channel channel 140.197 -27.348
Lake Mundooroounie Flats 140.212 -27.311
Coongie Lake Lake 140.165 -27.180
Lake Apachirie Lake 140.125 -27.182
Swamp SSW of campground swamp 140.081 -27.212
Lake Marroocoolcannie lake 140.211 -27.181
Lake Marroocutchanie lake 140.218 -27.144
Browne Creek channel 140.152 -27.137
Lake Toontoowaranie lake 140.178 -27.089
Ellar Creek channel 140.187 -27.061
Lake Goyder lake 140.174 -26.989
Lake Marradibbadibba lake 140.257 -26.981
Sturt Ponds channel 140.324 -26.976
i Lakes Lady Blanche and Sir | lake 140.374 -27.022
B Richard
é’ Mitkacaldratillie Lakes lakes 140.413 -27.166
E Hamilton Creek flats 140.102 -27.072
? Lake Apanburra lake 140.077 -26.997
8 Apanburra Channel channel 140.134 -27.028
Alfred Creek channel 140.019 -27.034
Strangeways/ Wattiecaroonie Lake 139.991 -27.027
Lake Androdumpa lake 139.911 -27.128
Lake Oolgoopiarie lake 139.863 -27.126
Lake Moolionburrina lake 139.832 -27.319
northern end of Christmas Creek palaeodrainage 139.861 -27.199
g Cuttapirie Corner waterhole 139.886 -27.596
% Boggy Lake lake 139.824 -27.503
5 Deparanie Waterhole waterhole 139.635 -27.445
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Name Type Easting Northing
Walkers Crossing channel with bridge 139.918 -27.529
Pilachilpna Waterhole waterhole 139.439 -27.927
Eaglehawk Waterhole waterhole 139.429 -27.935
'r_% Lake Warrakalanna lake 139.320 -28.196
% Lake Appadare lake 139.194 -28.216
% Lake Hope lake 139.26 -28.37
ﬁ Red Lake (local name) lake 139.182 -28.357
% low rise NE of Lake Gregory low rise 139.23 -28.66
g Warrawoocara Channel sill 138.88 -28.72
Lake Gregory lake 139.01 -28.85
c %‘m; Lake Blanche lake 139.66 -29.23
% s | Lake Callabonna lake 140.09 -29.65
22 | Lake Frome lake 139.83 -30.79
Kopperamanna Floodout floodout 138.56 -28.68
% %). Lake Killamperpunna lake 138.772 -28.590
10 Lake Killalpaninna lake 138.552 -28.579

1.1 Methods

The project comprised a remote-resources desktop study (geological maps, satellite
images digital elevation models (DEMSs), topographic datasets, literature review),
followed by field investigation, then integration of remote and field data to produce
this report. During the project, evidence for landscape processes was gathered from
the spatial relationships between sediments, landforms, vegetation, and geomorphic
context (for example, muddy sediments vegetated by lignum or Queensland
bluebush, located in a wide flat depression along the primary flow path, identifies a
dry swamp).

During the project, the Geoscience Australia smoothed dataset of 1-second Shuttle
Radar Topography Mission (SRTM) digital elevation data was used. While these are
excellent products, their limitations need to be understood:

o reflectance issues make some low-relief dry sandy areas look like lakes (Fig.
1 top right);

* Dbecause of inherent inaccuracies, the smoothed data (Fig. 1 bottom left) are
good for regional studies, but are not suitable for local-scale studies, nor are
they a substitute for actual surveying or high-resolution 3D data;

e the hydrologically-forced dataset departs from reality in places, placing
entirely fictitious channels through inappropriate landforms (Fig. 1 bottom
right).
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Management implications:

In this flat landscape, the SRTM data has marked limitations. Management decisions based on incorrect

information will be flawed.
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Fig. 1. Tirrawarra Swamp, orthophoto and DEMs.

All DEMs are processed with elevations dark blue low, grading up through light blue and white, to pale
orange high, and daylight shading on, light source to the northwest. Top left: orthophoto, Tirrawarra
Swamp (T), Tirrawarra Waterhole (W), Kudriemitchie channel (K), and an un-named flat area (F) to the
east of the swamp. Flow is from south to center and center to northeast. Top right: processed raw DEM.
Bottom left, smoothed DEM. Bottom right, use of a watercourse line from 1:250,000 topographic data to
guide the hydrological forcing of this DEM has placed a fictitious channel through the swamp.
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1.2 Physiography and Locations

The Lake Eyre Basin (LEB) is a very low-relief, wide and shallow basin with its
terminal drainage sump (Lake Eyre) in the south-west. Low-gradient rivers of the
Channel Country come from the semi-tropical north to enter Lake Eyre on its north
and east sides (Fig. 2). LEB dunefields are the Simpson, the Tirari, and the Strzelecki
Deserts. The stony uplands within the study area are Sturts Stony Desert (known
geologically as the Gason Dome and Birdsville Track Ridge), and the Innamincka
Dome, the Cordillo Dome, the Benangerie Ridge, and the Cooryanna Dome
(Location Map, and Fig. 2).
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Fig. 2. Physiography of Cooper Creek from Windorah to Lake Eyre.

Dashed pattern indicates elevated areas.

In the northeast of South Australia and southwest Queensland, the topography is of
broad shallow depressions separated by low-elevation stony rises. The Strzelecki
Plain (the central and western portions of the Strzelecki Desert) and the Tirari Desert
are topographic lows, within which sand dunes have accumulated amongst river and
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lake deposits. The eastern portion of the Strzelecki Desert (the Benangerie Ridge),
although also cloaked by sandy sediments, is actually ~70 m above the Strzelecki
plains. Between the Tirari and Strzelecki deserts lies the Sturts Stony Desert, a
topographic high marked by gibber plain and without sand accumulation. The
northeast-trending Birdsville Track Ridge links it to the Cordillo Dome in South
Australia's northeast. Other stony rises of importance to this study include the
Innamincka Dome, and the Cooryanna Dome near the Flinders Ranges (Location
Map, and Fig. 2).

The Cooper Creek floodplain is extremely broad (at the widest, >60 km) from
Windorah to its entrance into the east of the Innamincka Dome. From there until it
exits the Dome near Burke Waterhole it becomes narrow (minimum 150 m). The
Cooper Creek Fan (see Location Map) is a broad shallow low-angle distributary fan
extending westwards from the edge of the Innamincka Dome. Rising 40-245 m above
the Strzelecki Plain (fan edge to fan apex), its downvalley slope is approximately
double that of the plains. As it flows across the Cooper Creek Fan, Cooper Creek's
parent channel divides into three main distributary branches: the Strzelecki Creek,
the Cooper (Main Branch), and the Cooper (North West Branch).

1.3 Geology

*Note: land managers use "Lake Eyre Basin" to refer to the present-day Lake Eyre
catchment, whereas geologists use the same name to refer to the young rocks and
sediments which lie beneath the earth's surface in approximately the same place. In
this report, the latter will be referred to as the "Lake Eyre geological Basin".

The geology of the study area (Geology Map, and see Part 2: Technical Appendix) is
dominated by overlapping sedimentary basins: the mostly Cretaceous Eromanga
Basin (which is part of the Great Artesian Basin, GAB) and the Cainozoic Lake Eyre
(geological) Basin. Over geological time, deposition of sediment by lakes and rivers
has alternated with weathering events which have bleached some rocks, and also
produced the hard silcretes and silicified rocks which now form the stony deserts.
Subdued tectonic activity created the lake basin and uplifted the hills which now
constrain the Cooper’s flow path (Figs. 2, 3). In the geological past, climates in the
study area have been wet, and sediment deposits reflect large, high-energy river
systems. The development of modern aridity in geologically recent times emplaced
the dune fields, and stripped soil to reveal the stony gibber plains. One result of the
tectonic activity has been north-to-south migration of the deepest part of the lake bed
(the depocentre). Relics of ancient river and lake networks are preserved in the flat
topography, the palaeodrainage lines, and the permeable sand layer beneath
modern floodplain muds.
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Sturt’s Stony Coongie Innamincka

Desert \ Lakes / Dome

Fig. 3. Cross-section sketch of the geology of the northern Strzelecki Plain.

Dome-and-basin uplift defines the topography. Uplift and erosion exposed silcrete gibber to produce the
stony uplands (see Fig. 4). River channels and sand dunes on low-gradient lowlands are underlain by
thick accumulations of Cainozoic sediment in the subsiding basins.

In the modern landscape, the rocks and sediments are —

e older units (Eromanga Basin rocks, younger rocks and sediments, and
silcretes) exposed by erosion along the uplands: in the Innamincka Dome
(Fig. 3), along Sturts Stony Desert (the Gason Dome), and elsewhere (Fig. 2,
Geological Map, Location Map);

e white quartzose sands of the geologically young Katipiri Formation, now
mostly overlaid by the Cooper Creek's floodplain muds, from Queensland
through to the lower Cooper; this sand is important as a source of transverse
dune sand, a prominent landscape element, and a local aquifer;

¢ sand dunes and sand plains of the Simpson, Tirari, and Strzelecki Deserts;

e and greyish to dark grey floodplain muds, characterised by gilgai features
(crabholes, self-mulching soils, deep cracking).

1.3.1 Landscape — Uplift and Subsidence

Tectonic activity, controlling the disposition and gradient of river valleys, directly
controls water in the landscape and thus is the ultimate control of ecology. In the
study area, slow uplift and subsidence was occurring ~300 million years ago,
continued through more geologically recent times, and continues to the present day.
In overview, there has been:
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e uplift related to rocks beneath the Cooryanna Dome, the Benangerie Ridge
and the Tibooburra Dome,

e continental-scale sagging to produce the Eromanga Basin, the Lake Eyre
Basin (geological), and the Lake Eyre Basin (surface),

e east-west compression creating dome-and-trough structures:

o the uplands of the Innamincka Dome and the Gason Dome (Sturts
Stony Desert),

o the troughs include the Strzelecki Plain, and floodplains of the
Cooper Creek and the Wilson River respectively;

e buckling or tilting of the Lake Eyre Basin in geologically recent times, such
that the depocentre has shifted from a more northerly position into its present
location in the south of Lake Eyre;

e the floodplain of the Cooper (Windorah to Nappa Merrie reach) is now tilting
to the west, such that the channel belt has shifted to the western margin, and
floodplain sediments are invading the bordering interdunes.

1.4 Hydrology

1.4.1 Present Day: Large Playa Lakes, Cooper Creek, Coongie
Lakes

Lake Eyre is usually dry, occasionally receives inflow waters, and on the rare
occasion when it fills (usually during La Nifia times) its waters may reach an elevation
of -9.5 m AHD. Such fill events have been recorded for 1950, 1974, and recently.
Three other large playa lakes (Gregory, Blanche, and Callabonna, see Location
Map), occur around the base of the Cooryanna Dome. They receive runoff from
nearby hills, and Lake Blanche receives water from Strzelecki Creek.

Cooper Creek runs from central-north Queensland down to Lake Eyre. The
headwaters are fed by occasional monsoonal rainfall, of sufficient volume that flood
pulses routinely travel as far as South Australia. The rainfall and river flows are
extremely variable, and the nature of each flow event (single-peaked, multiple, or
compound) depends on rainfall's volume and location within the tributary network.

Although downstream decreases in flow volume can be considerable, and despite its
location in one of the driest parts of South Australia, the Innamincka Dome reaches
of Cooper Creek have a more dependable water supply than might be expected. The
area commonly experiences many flow days per year. In comparison with more
upstream locations, flood peaks in the waterholes of the Innamincka Dome may be
lower, yet flow events may be of longer duration.
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As the Cooper Creek leaves the Innamincka Dome, the parent channel splits into
three major branches: Strzelecki Creek (flowing south-southwest to Lake Blanche),
the Cooper Main Branch (flowing northwest, west, then southwest into the Tirari
Desert), and the Cooper North West Branch (flowing northwest to RAMSAR-listed
wetlands in the Coongie Lakes). Under current conditions, the relative amount of
water flowing through these three branches varies according to flood height (see
Costelloe 2013 for a full description of Cooper Creek’s hydrology).

1.4.2 Geological Past: Playa Lakes and Cooper Creek

Cooper Creek was previously a relatively high-energy and high-volume waterway,
depositing white quartz sands which today underlie some floodplain muds, and
elsewhere are exposed at or slightly above the level of the modern river. These
sands are likely to have good aquifer properties, with potential to influence modern
floodplain vegetation. The volume of sediment and water discharged by Cooper
Creek has varied over recent geological time. Once 5-7 times larger than its present
form, it has been reduced by increasing climatic aridity (though with intermittent
strongly seasonal flows). Within the Innamincka Dome reaches, there may have
been a very large but brief catastrophic event approximately 12-24,000 years ago.

During previous wetter climates, the dry lakes were full, and joined to form a single
semicircular lake around the base of the Cooryanna Dome. The +10 m AHD
shoreline around Lake Eyre and the +18 m shoreline around the Frome-Gregory
system correspond to the wettest periods, during which Lake Gregory overflowed
towards the Cooper through the Warrawoocara Channel. These lakes were linked by
the overflow channel at ~125 ka (the last interglacial Note: "ka" means "thousand
years"), and for the last time at 50-47 ka. Very large to extreme flow events on a
multi-millennial timeframe have partially filled the lakes, most recently ~1,000 years
ago.
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2. LANDSCAPE ELEMENTS AND THEIR
MANAGEMENT IMPLICATIONS

In this section the building-blocks of landscape are briefly described, and their
management implications considered. Process analyses and greater detail are
documented in Part 2 (Technical Appendix), section 6.

2.1 Stony and Sandy Uplands

The Strzelecki Plain is surrounded on all sides by stony and sandy uplands. Though
their elevation is greater than the Strzelecki Plain, they are still typically of low relief,
with flat-topped hills with steep sides (Fig. 4). The surface qualities of these uplands
influences the amount of runoff delivered to the plain below.

Fig. 4. The crest of the Innamincka Dome.

Flat-topped hills mark outcrop. Foreground: the gibber plain is partially concealed by unusually good
grass after a wet year. Mid-distance: a shallow valley holds a small creek with trees along its banks.

The Benangerie Ridge is largely covered by closely-spaced longitudinal sand dunes.
Its elevation is not high and its surface is covered in permeable sand, so there is no
run-off into the Strzelecki Plain during local rain. The other uplands are mostly stony
(either rocky outcrop, gibber plain, or stony gilgai). Gibber-covered or rocky slopes
shed water freely, and small drainages from the rocky uplands water the Strzelecki
Plain fringes during local rainfall. Small upland creeks draining down to the plain are
most prominent to the south and east-northeast (the Cooryanna and Innamincka
Domes respectively), and least prominent to the west and north (the Gason and
Cordillo Domes).
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2.2 Topography of the Strzelecki Plain

The Strzelecki Plain encompasses the Coongie Lakes area, the Cooper Creek Fan,
and the western section of the Strzelecki Desert (Fig. 2, Location Map, and Fig. 5). It
is surrounded by sandy and stony uplands. Its topography is a strong determinant of
river behavior and drainage network development. Overall, the Plain has extremely
low relief, so the component of stream power derived from downvalley slope is very
low. Geomorphic activity (erosion and sedimentation) during river flows is more
strongly driven by flow volume, local topography (e.g. sand dunes and “flats”), and
landform-scale flow effects (e.g. in waterholes).

There are two elements in the Strzelecki Plain with significant relief. The most
important is the Cooper Creek Fan, a low-angle alluvial fan with its apex near the
township of Innamincka (Fig. 5 and Location Map). It has a significantly greater
gradient than elsewhere in the Strzelecki Plain. As a consequence, Cooper Creek's
potential stream power is greater on the Cooper Creek Fan than it is elsewhere, and
the possibility of landscape change is also therefore greater.

The second element of greater relief is a very low rise just to the northeast of Lake
Gregory. lIts relative elevation is only slight, but it is a significant influence on the
existence and location of lakes of the southwest Strzelecki Plain (e.g. Lake Hope).

2.3 Cooper Creek Waterholes and Channels

Reach-scale fluvial landforms are described here (Fig. 6); some descriptions are
based on published literature (see Technical Appendix, Section 6.3):

¢ River channels occur at a range of scales. Primary channels have good
longitudinal connectivity, and are inset up to 7 m deep into the muddy
floodplain. They are highly sinuous to near-straight, and anastomosing, with
1-4 channels coexisting per reach. They are active at moderate flows, and
their banks support riparian vegetation including Coolabah trees. Secondary
and tertiary channels are smaller, and operate at different flood heights.
Secondary channels tend to be continuous, and tertiary channels
discontinuous but along a perceptible flow path.
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Fig. 5. Topography of the
Strzelecki Plain.

This digital elevation model image
has high elevation white, grading
through green, down to low
elevations dark blue and black. Red
north arrow is ~50 km.

Also see Location Map.
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Fig. 6. Channels and dunes of the Cooper Creek Fan.

Aerial photograph, flow is from bottom right to top left, north to top, red scale line is 3 km long.
Panadinnie Waterhole (arrowed; 8 km SW from Embarka Waterhole) is surrounded by dark grey
floodplain, which is bounded by sand dunes (pale to dull orange). Landforms: LD longitudinal dunes
(long narrow orange lines), SD scalded (wind-eroded) transverse dunes (irregular pale orange patches
are unvegetated scalds, in darker orange vegetated sand), WH waterholes (the larger channel
segments showing bright reflectance of open water), A anastomosing primary and secondary channels,
R reticulate channels (swampy areas), B braid-like floodplain with shallow floodways.

A single longitudinal dune extends northwards from the small transverse dune at the photo’s lower
center. It concentrates floodplain flow, and the anastomosing channels from Merrimelia Waterhole
(bottom right) coalesce to form Panadinnie Waterhole. High-level flow at the waterhole is likely to
undercut the dune nose and northeast flank; note that pale overbank sediments are only evident
downstream of the dune/channel interface, indicating dune sand entering fluvial transport there. White
diagonal lines are old seismic lines.
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e Waterholes are deep channel segments which are wider and deeper than
ordinary channels. They retain water for longer than other channels, some of
them being near-permanent, and a few being actually permanent. Waterholes
are a self-maintaining landform created by present-day fluvial conditions, and
the riparian vegetation plays a critical role in maintaining the steep banks and
scoured bed that allows these waterholes to persist.

e Waterholes recharge groundwater during flood events, contributing to
transmission loss and to the ecology of plants with deep roots. The
groundwater does not supply the waterhole; the flow is in one direction only.
The size of the fresh groundwater lens scales to waterhole size.

e The floodplain sediment is dominated by mud aggregates from vertic soils.
Floodplain surfaces (braid-like with shallow floodways, reticulate, and
unchannelled) reflect the balance between fluvial and gilgai-soil processes.

o0 Braid-like floodplain experiences more frequent inundation and higher
flow energy, is crossed by broad shallow (<1 m) floodways, dividing
the floodplain into braid-like bars.

0 Reticulate floodplains experience some inundation, and gilgai
processes operate. In the study area many of the shallow basins are
reticulate-channelled swamps. Reticulate swamp areas are not
necessarily low-elevation, they merely have to be wet but low-energy.

0 Unchannelled, featureless floodplains are not inundated. They occur
in higher parts of the floodplain, and in palaeodrainages which are
isolated from the modern flow path.

Both sand and mud are transported through Cooper Creek. White to buff medium to
fine quartzose sand is the dominant sediment visible in the study area, along levees,
banks, and downstream sediment splays from terminating channels.

Distributary channels are a particularly characteristic and important feature of the
study area. Across the Cooper Creek Fan, many small creeks take water and
sediment from the main channel and spread it across nearby flats. The largest are
the size of small creeks and show on the maps: the channels feeding Strzelecki
Creek, Ooranie and Wilpinnie Creeks, and the forks which divide the Cooper into
Main and North West Branches. Distributary channels are created by floodwaters
which breach the levee and splay out over the floodplain. Under the right topographic
conditions, some of these splays will develop into distributary channels.

The junction where the small channel leaves the main channel is the offtake. Offtake
areas experience two-way flow: outbound during the rising flood, and draining back
into the channel during flood recession. This creates locally complex landforms. Even
small distributary channels have offtakes which are sizeable gullies, and large
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distributary channels have offtakes which present as wide valleys with gentle
gradients going down to the river.

Steep banks are characteristic of the waterholes and the main channels. Bank
retreat, where present, is often slow. Tree-covered levees (<~1.5 m above the
adjacent floodplain) are generally found flanking waterholes, whereas anastomosing
channels rarely have levees. Shadow bars deposited downflow from in-channel
vegetation are common.

Cooper Creek's low stream power predisposes the channel planform to be
anabranching and anastomosing. Waterholes are formed at points of flow
convergence, where constriction in flow width (e.g. between sand dunes, or where
several anastomosing channels converge) increases stream power.

2.4 Strzelecki Plain: Sand Dunes

The Strzelecki Plain records a complex history of mutual action: wind and water,
dune and river. The channels and the dunes co-developed over time, with fluvial and
aeolian processes operating concurrently. Sand in river channels was blown to form
the transverse dunes, channels relocated over time, they were deflected from one
path to another by the transverse dunes or their daughter longitudinal dunes, new
channels later created more transverse dunes, and so on.

On the scale most visible to human eyes, the dominant topographic features in the
study area are the sand dunes, and the broad, mostly dune-free “flats” which are
particularly a feature of the Cooper Creek Fan and Coongie Lake areas. Together,
they are a very strong influence on river behaviour at the reach scale. The dunefields
in the study area are dominated by either longitudinal or compound dunes. The
dunes’ landscape functions are 1) as barriers to flow, 2) as creators of waterholes by
flow concentration, and 3) as influences on the wind turbulence that excavated the
shallow lakes.

Sand in fluvial sediments or rocks is released by corrasion and rearranged locally to
form sand dunes as the climate dries. The underlying rocks or sediments which
liberate sand to the dunefield are one of the reasons for the differences in dune
colour. Most of the sands transported down the modern Cooper Creek are re-
mobilised Katipiri Formation, characterised by buff to bright white colour.

Longitudinal dunes are characteristic of the Benangerie Ridge, some parts of the
central Strzelecki Plain, and some of the upwind edges of the Gason and Cordillo
Domes Longitudinal dunes are long but very narrow (one to scores of km long, but
only 150-300 m wide). Their crests are parallel to the dominant wind direction at the
time of their formation. Typically their flanks are well-vegetated (therefore anchored
against migration or movement) while the narrow crests are often unvegetated and
locally mobile. The interdune corridors frequently host claypans (Fig. 7). indicating
locally strong deflationary processes (wind erosion). The longitudinal dune fields are
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of geologically recent origin and where their presence constraints the drainage
network (such as Strzelecki Creek), the fluvial geography is also relatively young.
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Fig. 7. Longitudinal dunes on the Benangerie Ridge.

Closely-spaced longitudinal dunes oriented N-NE are interspersed with small claypans (arrows show the
same claypans in each image). Left, DEM ; right, Google Earth image; yellow scale line is 10 km long

The Cooper Creek Fan and the Coongie Lakes area are dominated by compound
dunes, a mix of transverse and longitudinal dunes formed by the same prevailing
winds. Transverse dunes (perpendicular to wind direction) are created by sediment
blown northwards from rivers or lakes, and are deposited immediately adjacent to the
sediment source (referred to as being “source-bordering”). Their length is scaled to
the channel or lake from which they arose. The transverse dunes date back to at
least 250 ka, with additional sand added during periods of fluvial activity, most
recently during the Last Glacial Maximum (28-18 ka). The longitudinal dunes form
from sand taken from the transverse dunes, and overprint their parent dunes (Fig. 8),
leading to wind-eroded areas in the source dunes (Fig. 9). To the human eye,
longitudinal dunes tend to mask the presence of older transverse dunes.

Northwards sand transport from previous geological ages is evident in the creation of
longitudinal dunes from transverse dunes, but generally wind-driven sand transport
has been limited to local areas (within a few km). Though in the past longitudinal
dune extension has influenced the creation and location of waterholes, aeolian
transport resulting in net downwind sand movement is unlikely to be a strong factor in
modern landscape processes.

Sand movement from dune to floodplain is evident in the haloes of paler sediment at
the dune/swamp edge (Fig. 6). From there, sand can be transported downstream as
alluvial sediment. Where the dune is undercut by a nearby channel, substantial
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sediment can be delivered to fluvial transport (especially where gullies extend from
dune to floodplain; see section 4.4.1, Trampling, Erosion and Gullying). Dune
undercutting by rivers is likely to be common, since dunes act to narrow flow paths,
focusing stream power. Dunes are also truncated by nearshore processes in lakes.

Fig. 8. The compound dune to the south of
Embarka Swamp.

m

Top left, Google Earth image shows buff to pale
orange dune colour; S, black tone is a particularly
dense lignum swamp, in a terminal location; F,
grey tone is the “flats” of the modern floodplain; B,
an enclosed basin, deeper than nearby interdune
corridors. Green north arrow is 10 km long. Top
right, DEM (grey highest, dark green low, pale
agua lowest). Bottom right, DEM with dune crests:
red dash-dot line, primary source-bordering dune;
red dashed or dotted lines, secondary source-
bordering dunes; yellow dotted lines, longitudinal

dunes; black line, approximate path of Cooper
Creek; Embarka Waterhole.
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Like others in Cooper Creek, these isolated waterholes often occur where local
floodplain constrictions have focused flow and increased stream energy. They are
not as deep as main-channel waterholes (Costelloe 2013), and so are not likely to
retain water for very long, or act as refugia. However, their riparian vegetation
indicates they are important for local plant and terrestrial ecology. If they encounter
sufficient flow volumes and have sufficient riparian vegetation that self-scouring
happens during flood events, then it is likely that the waterholes are also point
sources of freshwater recharge for local groundwater hosted in Katipiri Formation
sands. As such, they may be important for the ecology of deep-rooted plants.

Fig. 54. Christmas Creek, at the distal edge of the Cooper Creek Fan.

Left, orthophoto, showing the present-day channel going south around Cuttapirie Corner (red star), and
the palaeodrainage Christmas Creek (to the right of and parallel to the long black arrow). Dashed line
encloses the highest surfaces of the sediments deposited by that palaeodrainage. Middle picture,
smoothed DEM (black and dark blue low elevations, white and pale orange high elevations) of the same
area. The palaeodrainage valley of Christmas Creek slopes south to north. Right picture, hydrologically
forced DEM: a spurious creek line has been inserted (top arrow), and the channel bed has been given
an elevation 5.5 m less than that assigned to the actually existing channel (bottom arrow). The profile of
the spurious creek descends ~2m from north to south, against the actual flow direction.
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7.3.3 Inner Fan: Channels, Distributaries, and Waterholes

Cooper Creek across the inner Cooper Creek Fan is sinuous to Minkie Waterhole,
and meandering from there down through Tilcha and Marpoo Waterholes. As a class,
meander loops have steep erosional outer banks, and gently-shelving inner banks in
which progressive sediment deposition extends the land area towards the opposite
bank. In this way meander loops migrate incrementally outwards.

The meandering is currently active (scroll plains exist at Wills Grave and other bends
right down to the forks) but it is very slow. The width of the scroll plain at, and
downstream of, Wills Grave indicates this is the most active meander on the Fan, yet
it dates to 45-55 ka, with a flood chute cutting across at 35 ka (Nanson et al. 2008).
Riparian tree roots exposed along meander outer-bend banks indicate only minor
bank retreat. In Fig. 20, the exposed roots are largely bank-parallel (lacking the root
"knees" which indicate rapid channel incision), and the main tree root with a slight
knee is very thick (indicating it is very old). Elsewhere, riparian tree roots indicate
general bank stability, except at the offtakes of the distributary channels, where there
is often evidence of long-term bank stability followed by rapid bank retreat.

Cooper Creek can be considered to have two types of reach, waterholes and shallow
complex reaches. They may correspond conceptually to the pool-and-riffle systems
found in other rivers.

Many distributary channels come off the Cooper Creek main channel on the Cooper
Creek Fan; they are a significant mechanism of transmission loss.

Distributary channels are created as floodwaters overtop and breach the landforms
that define the main channel (typically the riparian ridge or levee, but also including
other flanking sedimentary deposits). The distribution of distributary channels is
uneven down the length of the main channel (Fig. 17). There are some important
distributaries at the fan apex, mostly related to palaeochannels which cut through the
high palaeo-floodplain. From Tilcha to Marpoo Waterholes there are some but they
are only short, and it’s likely that previous splay deposits have built a sufficiently high
flanking area that these reaches are rarely overtopped. From Marpoo onwards the
number and length of distributary channels is greatly increased. It is clear that in
these reaches there is sufficient elevation difference (main channel to distributary
termination) to develop and maintain the distributary system.

Short distributaries deposit their sediment close to the main channel, just behind the
levee, and also along their length down to their terminations. Pale river sand and silt
builds up into sediment wedge flanking the channel (Fig. 23), sometimes partially
filling interdune spaces (Fig. 17). Longer and larger distributary channels may
develop their own network of distributaries, and deliver water and sediment
kilometers distant from the main channel (Fig. 23). Sand is deposited close to the
distributaries but water carrying mud can travel well beyond distributary terminations,
as unchannelled overland flow across the flats, or through the reticulate channels of
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the various swamps. Thus, distributary channels are important in the pattern of
sediment deposition across the Cooper Creek Fan. They create near-channel sand
wedges which increase the elevation of the Fan surface, and in more distant, lower
areas deposit sediments rich in clays and organic carbon.

Distributary channels and shallow, complex reaches of the main channel appear to
be spatially linked, such that the offtake is often at or upstream from a shallow reach.
It is likely that variations in channel bed elevation and roughness (and therefore flow
efficiency) lead to some reaches being more likely to overflow during a flood peak. If
offtakes and distributaries develop upstream of channel constrictions, it is likely that
the removal of water would further predispose those reaches to sediment deposition
and flow resistance, creating a process feedback. Downstream flow impedance may
also be an explanation for the high number of distributaries immediately upstream of
the forks (Fig. 17).

Vegetation is strongly tied to landform type, with landforms experiencing frequent
inundation (banks, levees, scroll bars, downstream ends of distributary channels)
carrying often dense vegetation, while drier landforms carry little or none. Distributary
channels are critically important to local ecosystems, as they carry water and fine
sediments out to the flats.

7.3.4 Outer Fan (Main and North West Branches): Channels,
Swamps and Waterholes

In the outer Fan, Cooper Creek divides between three distributary channels (Figs. 17,
24). Two distributaries flow towards the southwest, taking collectively 47% of the
2012 flow (Costelloe 2013), and this is the water source for the Cooper Main Branch.
The third distributary flows northwest, took 53% of the 2012 flow, and is the source of
the North West branch. Distribution of flow between the distributaries is dependent
on flood height, with the North West Branch taking a greater proportion at lower flows
and a lesser proportion at higher flows (Costelloe 2013).

The North West Branch anabranches rejoin just upstream of Tirrawarra Swamp. The
unnamed more northeasterly of these anabranches (NW2 in Fig.24; contains
Eulcaminga Waterhole, Fig. 25) looks to carry less of the modern flow: there is less
inundation of its floodplain, in comparison with the other anabranch’s floodplain (NW1
in Fig. 24; contains Mudrangie Waterhole Fig. 25) which has many swamps in
deflationary basins. This is consistent with the measured hydrology (Costelloe 2013).
On the other hand NW2 may once have experienced much higher stream energies
than NW1, since Tirrawarra Waterhole's upstream end is found in NW2.

The North West Branch is a single-thread channel for the first ~23 km, maintaining
the channel form across the first "flats" that it crosses. This may be an indication of
relatively high stream energy through higher volume in these reaches. Around
Scrubby Camp Waterhole, the channel travels through an area where alluvial
sediments from palaeodrainages and from the present drainage line are filling up the
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interdune spaces. At Scrubby Camp, a small anabranch leaves the main channel,
depositing alluvial sediments in levees and splays to form a high plain to the south of
the channel, before rejoining the channel a short distance downstream (Fig. 25). At
the downstream end of the Scrubby Camp reach, the North West Branch splits into
two flow paths. The two flow paths rejoin where NW1 enters Tirrawarra Waterhole
halfway along the waterhole's length.

Tirrawarra Waterhole terminates in a number of distributary channels, each
surrounded by a pale halo of alluvial sands. This style of waterhole termination, a
downstream splay surrounded by sediments, is common throughout the study area.
The Waterhole extends more than one third of the way into the next "flat" (Tirrawarra
Swamp). This "flat" is wholly occupied by a swamp, which is made possible by the
volume of water delivered by the North West Branch. The network of anastomosing
and reticulate channels shows no clear primary flow path: almost the entire swamp is
flow path, making it a critical stage in water delivery to Coongie Lakes. Water re-
gathers into a single channel in the north east corner of Tirrawarra Swamp, and the
flow path remains as a single thread (Kudriemitchie channel) until its entry into
Coongie Lake. Kudriemitchie channel is more or less constrained by dunes for its
entire length. Its width varies in a way which bears no clear relationship to
topography or tributary input, and the exact nature of its fluvial processes remains to
be determined.

The indeterminate nature of the sills at the north end of Embarka Swamp, and the
northeast end of Tirrawarra Swamp is because they have not been shaped by wave
action (as is the case elsewhere).

Most of the sandy sediments transported by Cooper Creek are deposited across the
inner Cooper Creek Fan, upstream of the division between Main Branch and North
West Branch. A small remainder is transported beyond the division, but it is
deposited at the point where the single channel divides into reticulate and
anastomosing channels in the flats. Downstream from this point, any sand that is
deposited around river channels (for example, the active delta prograding into
Coongie Lake, see below) has been locally re-mobilised into fluvial transport from
nearby sources. However, mud continues to be transported from upstream, and is
deposited across the flats and floodplains.

7.4 Coongie and other Lakes

The lake groups in the study area include the Coongie Lakes, lakes in Strzelecki
Plain’s northern and southwestern areas, and the overflow lakes.

In the southwest Strzelecki Plain, there are a number of small to medium-sized lakes.
Some are isolated within the dune fields, and some are connected to Cooper Creek
by small channels. They are not part of the Cooper Creek Fan and its
palaeodrainages. Like the others in the study area, they are created by deflation, and
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some (including the largest, Lake Hope, Fig. 27) are related to the subtle area of
elevated topography northeast of Lake Gregory. Where the lakes' longest

dimensions are at a high angle to the southerly winds, they are associated with
prominent compound dunes at their downwind sides.

The overflow lakes are a small cluster of lakes and flats extending downvalley from
the junction between Hamilton Creek and Alfred Creek, and include Lake
Strangeways (also known as Wattiecaroonie), and Lakes Androdumpa (Fig. 55) and
Oolgoopiarie at the northern end of Christmas Creek. The northern edge of the
Strzelecki Plain — a narrow dunefield which slopes up to the stony uplands — is just to
the north of the overflow lakes. The lakes do not receive any runoff water from the
uplands, although Lake Strangeways may be influenced by the groundwater salinity
which appears to be present in the small lakes of the narrow dune field. The overflow
lakes have not been the focus of particular study, probably because they only fill
rarely, and so do not support rich ecologies. In a wetter climate however they would
be important wetlands.

Fig. 55. Lakes and deflation basins in dry flats differ in their degree of alteration by water.
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The orthophotograph (above) shows Lakes Apanburra (A) and Strangeways / Wattiecaroonie (S / W)
have clearly defined shorelines, while to the west are some irregular flats (asterisks) crossed by
longitudinal dunes. The DEM (below) shows that the lakes and the flats are equivalent in elevation. The
flats have no access to Cooper Creek or other water, and have not been modified by waves and
seiches.

7.4.1 Lakes: Created by Wind, Modified by Water

The great majority of the lakes were created by deflation, and so owe their existence
to the consistent southerly wind. In many cases, especially the larger lake basins, the
lakes are found north (downwind) of compound dunes. Their distribution and
associated landforms demonstrate that lake formation is related to aeolian
processes, and is largely independent of fluvial processes (see section 2.5). Some
lakes are also themselves the source of their own source-bordering dunes, creating a
complex topography. The depth of individual lakes is related to (inter alia) the
topography of the upwind dune; that is, lake bed elevation can be unrelated to the
elevation of nearby lakes or drainage channels. The intricate topography, where
fluvial base levels are not created by fluvial processes, is the reason for the Coongie
Lakes’ complex fill pattern.

The presence of water is an important factor in landform evolution, as the
deflationary basins are altered by nearshore and lacustrine processes (Fig. 55).
Wind-driven waves along the shoreline create beach ridges (Fig.27). During fieldwork
the weather was gentle and only ripples were seen, but the wind’s persistence drove
ripples through a belt of buffering vegetation (Fig. 56).

Fig. 56. At the Lake Toontoowaranie shoreline.

Even in gentle weather the breeze is strong enough to push sediment-moving ripples through a
buffering belt of vegetation.
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G. Overton (per. comm. 2012) describes storm winds pushing the water level 2 m
higher up the beach, and also bottom currents strong enough to move anchors made
from wheel rims. These reports indicate seiche processes: in an enclosed body of
water, a seiche is when water sloshes backwards and forwards in response to wind
or earthquakes. Technical definitions discuss standing waves, where the nodes (at
shoreline and center) do not move up and down, and the water rises and falls where
the wave amplitude is greatest (for example, see the Wikipedia entry). However, in
real-world situations (water bodies with irregular boundaries) seiche waveforms can
have amplitude along the shoreline (creating rapid rise and fall in water level), reflect
off shorelines (pushing the wave-front off in another direction), and interact
constructively with waveforms across its path (decreasing wave predictability while
increasing wave amplitudes). Seiches create strong bottom currents, sometimes
initiating fish kills when water temperature changes. On the Great Lakes (USA)
shoreline seiches have reached 2-5 m in height, and killed people.

In the context of this present study, a sill is an area of slightly higher elevation which
must be overtopped by increasing flood height before flow can move downstream. In
a few cases the sills have a complex of landforms whose origin is not clear (e.g. the
exits of Coongie Lake into Browne Creek). In many cases, the sills are just random
microtopography related to erosion and sedimentation along the "flats" or river
channels (e.g. the northeastern exit of Tirrawarra Swamp, the flow paths between the
main Coongie Lakes and the peripheral lakes (red lines, Fig. 26), and the north-
western exit of Lake Appadare). For these cases, the overtopping event is likely to be
gradual, with the flood front creeping along at a gentle pace until it reaches the
maximum elevation. From there, the flows move briskly downslope (J. Costelloe, J.
Reid, pers. comm., 2012). These types of sills are unlikely to have landscape
processes that maintain them, so alterations to their elevation (for example, erosion
promoted by infrastructure development or streamwise roads) is best avoided.

Where beach ridges occur on the same side of the lake as the inflow / outflow
channels, the sill they create has clear boundaries. For example, Lake
Toontoowaranie receives waters from the south, transmits waters to Lake Goyder
through its northeastern exit channel, and at higher flow levels also transmits water
through its north-western exit channel (Fig. 28). Both channels cut through a
pronounced beach ridge, although the northeastern exit channel is modified into a
wave-dominated delta. At the western exit of Lake Appadare, flow cuts through a sill
and a longitudinal dune; it slightly incises consolidated sediments. The sill here has a
greater elevation than both lake and downstream channel (Fig. 57)

The presence of such a positive elevation to be crossed and then descended from
(as opposed to just a gradually increasing elevation from one lake to the next) is
interesting. If a gradual increase in water level achieved the crossing of the narrow
and relatively steeply-sided sill, the sill would be likely to be eroded and a new
channel formed. It is probable that two processes are in play. Firstly, nearshore
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processes maintain the sill, transporting sediment onto it when conditions are
favourable (in the same way that beaches are maintained). Secondly, seiches are
likely to be part of the overtopping process, pushing a body of water right over the
sill. This would mitigate against such mid-sill gullying as might be expected from a
more gradual overtopping. The implication is that the release of water down the
channel might be weather-dependent or perhaps pulsed, if the wind conditions are
right.

Fig. 57. The sill at the western exit of Lake Appadare

Standing on the Lake Appadare sill, looking downstream towards the Cooper (left photo) and upstream
towards the northern end of Lake Appadare (right photo). The deepest section of this channel (dark
mudcracked sediments) is ~1 m lower than the highest sandy sill at either end. Hana for scale (circled).

Sills developed along wave-influenced shorelines are likely to be dynamic. To
maintain current hydrology, it is important that sill levels be allowed to maintain
themselves naturally, so that the lake periodically accumulates sufficient water to
allow nearshore wave action. Anything that acts to cut a channel through the sill to
such a depth that the lake does not accumulate water may permanently reduce the
lake's capacity.

The larger lake basins, such as Lakes Lady Blanche and Sir Richard, may occupy
the entire interdune space available to them (Fig. 51). Rarely, the lake occupies a
whole interdune space without apparent influence by deflationary basins (for
example, Lake Goyder). In some of the larger flats small deflationary basins can be
seen: barely visible semicircular areas with small beach ridges to the north and a thin
rim of vegetation around the edges. Either the size of the basin or the frequency of
inundation has been insufficient for it to develop into an obvious lake. A common
circumstance is that a number of closely spaced deflationary basins will expand
through shoreline processes, and merge; examples include Lakes Marroocutchanie,
Toontoowaranie and Apanburra (Figs. 28, 29).

131



7.4.2 Lakes and Groundwater

Along Cooper Creek's Windorah to Nappa Merrie reach, waterholes contribute to
groundwater only during high-flow periods, when the mud seal is temporarily scoured
away and water can move from waterhole to the underlying water table within the
permeable sands of the Katipiri Formation. The freshwater lens around and down-
valley from the waterhole supports the ecology of local deep-rooted plant species.

The situation in the lakes is likely to be different.

e There is every likelihood that at least some lakes will receive water without
accompanying muds, as much will have been abstracted during passage
through upstream swamps and lakes. It cannot be assumed that a mud seal
necessarily forms along lake floors.

e Although the wet conditions did not permit lake floor observations, it was seen
during this study that most lake shores were clean white sands (probably
Katipiri Formation equivalents), and local report indicates that at least one
large lake, when dry, is sandy almost all the way to the centre (Lake Hope;
Gary Overton, pers. comm., 2012). At least some lakes therefore have sandy
bottoms, and it is possible that there may be open connection between lake
waters and local groundwater.

e However, some mud transport was observed (possibly remobilised from
previous deposits), so some lake floors are likely to be muddy. In addition it is
likely that at least some lake floors are cut into less permeable older
sediments. It is possible then that some lakes are not connected to their local
groundwaters when there is water in the lake.

o Lake floors with vertic soils (including high porosity macropores) have
different patterns of recharge and soil salinity development, according to
whether the rain falls during dry or wet climate phases (Costello et al. 2009).

e In some small playa lakes, which receive neither Cooper Creek water nor
collected runoff, the satellite imagery indicates surface deposits of
efflorescent salts, indicating possible surface discharge of saline
groundwater. (The size and distribution of these efflorescent deposits
indicates this is water of local origin, not Great Artesian Basin water.)

The relationships between lakes, local groundwater, and soil salinity are likely to be
very site-specific.

7.4.3 Lakes as Flow Buffers

The lakes and swamps are sumps, and act as local base levels and flow buffers. For
each, flow does not proceed downstream until the local topography has been filled to
a certain level. In the case of very large floods (such as 2011-2012), the surrounding
low-elevation landscape is also inundated. In the Cooper Creek Fan, part of the
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Cooper's flow is diverted to the Coongie Lakes, and the amount of inundation
achieved depends upon the size of the flood. The other part of the Cooper's flow
goes down the Main Branch. If it extends beyond the overflows area (see below) as
far as the southwestern Strzelecki Plain, the entire flow is abstracted by Lakes
Appadare and Hope. Flow enters Lake Appadare through its northeastern channel,
which has a small delta on its entry into Lake Appadare. After a certain level, flow
exits Lake Appadare through the southern channel towards Lake Hope (where it
enters via a wave-dominated delta). When Lake Hope is sufficiently full, water is
backed up along the linking channel (splays breaching the banks and depositing
flanking alluvial sands), and Lake Appadare returns water to Cooper Creek via a
poorly-defined north-western exit and a clearly defined western exit (Fig. 29).

7.5 The Northern Overflow and the Main Branch
(Cuttapirie Corner)

There was no access to the Cooper downstream from Boggy Lake, or along the
northern overflow, and these comments are based on the regional study.

The northern overflow is poorly-defined flat area transmitting water back to the
Cooper Main Branch. During extremely wet years, water moves through the overflow
lakes, becoming diffuse and unchannelled south of Lake Oolgoopiarie (Fig. 30). The
flow path proceeds southwest and south, rejoining the Cooper near the Deparanie
Waterhole. The flat overflow area is flanked to the northwest and southeast by
dunefields containing deflationary basins. In places, these deflationary basins
connect to the northern overflow via interdune corridors. Because the depths of the
deflationary basins are related to the wind-driven erosion events that created them,
some deflationary basins may be appreciably lower in elevation than the overflow, so
the local slope from the overflow down the interdune corridors to the basins can be
greater than the downvalley slope towards the Cooper Main Branch. Thus, the
northern overflow is flanked by a number of well-vegetated interdune corridors, some
leading to lakes which have abstracted water from the overflow (Fig. 30).

There are few parts of dryland Australia where the vegetation and landforms have
not already been impacted to some degree by grazing. The Northern Overflow is
reputed to have had little to no grazing because of its difficulty of access.

The Cooper Main Branch travels northwest from Embarka Swamp as a single
channel. From the Narie Waterhole, the Main Branch flows northwest and west, until
it enters a broad swampy area of extremely low gradient where the western flow path
is completely blocked by longitudinal dunes. The main channel becomes distributary,
with offtakes directing some water north but most water south into a broad irregular
inundated area. Flow re-collects into channels ~7 km south of the distributaries, near
Walkers Crossing. From there south the channel is small, often multi-thread and
anabranching, and displaying evidence of a good deal of channel relocation. Near
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Cuttapirie Corner the channel is constrained by dunes and its location is more stable.
It continues around the Corner and north, with many small splays cutting through the
banks and distributing alluvial sediments along the channel flanks. From there
through to Deparanie Waterhole, the channel is single-thread where constrained by
dunes, and follows a diffuse flow path through anastomosing channels and swamps
when traversing flats.

The large longitudinal dune blocking the westward path of the present Cooper Main
Branch also blocked the path of the Cooper's most recent palaeodrainage. What is
now Christmas Creek was once the main flow path. It flowed from the area of
Toonman Waterhole (Fig. 30) deposited alluvial sediments in the area adjacent to the
large longitudinal dune, now a broad swampy area. It then flowed north towards Lake
Oolgoopiarie, depositing alluvial sediments along its flanks, and at its downstream
(northern) end.

7.6 Cooper Creek’s Low-Discharge Reaches

7.6.1 Southern Strzelecki Plain: Cooper Creek below Deparanie
Waterhole, and Strzelecki Creek

There was no access to the Cooper downstream from Boggy Lake, and these
comments are based on the regional study.

The lower Cooper beyond Coongie Lakes is the driest reach in the Channel Country,
with no semi-permanent waters along its entire 340km length (Silcock 2009). Below
Deparanie Waterhole, Cooper Creek is a discontinuous small channel. Because the
downvalley direction is now almost the same as the trend of the longitudinal dunes,
the river’s flow path tends to be abstracted down interdune corridors, and then cut
westwards across the trend of the longitudinal dunes. The most striking example is
just downvalley of Deparanie Waterhole, where the Cooper Creek goes across ~10
km of dune fields. The main flow path continues west then south to Murra Murrina
Waterhole, however some flow is abstracted towards Cooyeeninna Waterhole and
then down the Kanowana Channel. This flow path eventually terminates in a nest of
swamps and flats ~37 km to the south.

Because of this continued abstraction of floodwaters, potential wetlands are common
in the dunefields flanking the river, but Cooper Creek itself is small. Its reaches
alternate between

e small waterholes (channel segments with clearly-defined banks supporting
riparian vegetation; smaller and more shallow than the waterholes upstream,
but capable of holding water at least briefly),

¢ single-thread channels, supporting minor riparian vegetation and with some
deeper sections,
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e and inundated areas (swamps, networks of anastomosing channels, small
lakes).

The disposition of the channel types depends on their local topography, with
inundated landforms in small flats and wide interdune areas, waterhole channel
segments in flow-constricted areas where the path cuts across the trend of the
longitudinal dunes (Fig. 31), and longer single-thread channels travelling down the
main interdune corridors.

As with the Northern Overflow (section 7.5), the flanking dune fields contain deflation
basins, and those which connect to the Cooper flow paths via interdune corridors
receive water from the Cooper. The most significant of these is the Lake Appadare /
Lake Hope complex, which captures the entire Cooper flow (section 7.4.3). Below
Lake Hope, the channel is more continuous but there are very few waterholes, and
the lakes are smaller and fewer. The channel is sinuous around the ends of
longitudinal dunes.

The Strzelecki Creek on the Cooper Creek Fan, north of the Della Road, is undefined
within an area of broad inundation (see sections 3.3.3 and 7.3.3). South of that, the
Strzelecki is also largely discontinuous, although its primary flow path is fairly clearly
defined. Single-thread channel segments with clearly defined banks supporting
riparian vegetation alternate with poorly-defined anabranches with sparse vegetation,
all set within a context of wide flats. South of Tilparee Waterhole, the creek becomes
more constrained by the longitudinal dunefields of the southeastern Strzelecki Plain.
As the creek approaches Lake Blanche, it displays channel mobility, with the present
channel and signs of former channels set within a channel belt. The path of
Strzelecki Creek is influenced by neotectonic movement and the geologically recent
development of the longitudinal dune fields (Gravestock et al. 1995, Nanson et al.
2008).

7.6.2 The Tirari Reaches

At the southwestern corner of the Strzelecki Plain, Cooper Creek enters the
Kopperamanna Floodout. In pre-European times, Kopperamanna was a major
trading location for the Aboriginal drug pituri (Watson 1983).

The Cooper's flow path is very diffuse across the Kopperamanna Floodout. Channels
re-form at the western end, where the flow path is increasingly constricted by small
longitudinal dunes. The Cooper leaves the Floodout as a single sinuous channel,
slightly inset and moderately mobile, which flows across the trend of longitudinal
dunes towards its mouth into Lake Eyre). The apparent simplicity of this landscape is
deceptive: two separate palaeo-Cooper Creek channel belts can be discerned in
satellite images beneath the present dune field, and palaeochannels with a strong
north-east trend are expressed as chains of playa lakes and flooded interdunes

135



(Wells & Callen 1986, Nanson et al. 2008). The trend of the lower Cooper which
flows northwest from the Kopperamanna Floodout, rather than south west towards
the depocentre in Lake Eyre South, (Fig. 58) is a reflection of these influences.

Fig.58. The lower reaches of Cooper Creek.

The Lower Cooper Creek (LC) extends from where the Creek exits the Strzelecki Plain at
Kopperamanna Floodout (K), to the mouth of the Cooper (M) entering Lake Eyre South (S LE). Note that
the Cooper flows away from the deepest part of Lake Eyre, reflecting palaeodrainage trends which are
also expressed in strings of playa lakes (P). Flow is from right to left, 20 km scale bar.

7.7 Lakes Gregory, Blanche, Callabonna, and the
Warrawoocara Channel

Lakes Gregory, Blanche, and Callabonna are located at the southern margins of the
Strzelecki Plain (Fig. 2, Location Map). At their most full Lake Gregory overflowed
down the Warrawoocara Channel (Fig. 34) towards the Kopperamanna Floodout (last
occurrences ~125,000 and ~47,000 years ago). Within the last 18,000 years (since
the Last Glacial Maximum) there have been some episodes of partial filling, but
under the present climatic conditions these lakes are usually dry. At least some
episodes of partial filling are likely to be sourced from the north (down Strzelecki
Creek).

Of the three lake floors, Lake Gregory has the highest elevation, and Lake
Callabonna the lowest (Fig. 34, Location Map); Lake Frome, to the south of Lake
Callabonna, also has a lake floor of higher elevation than Lake Callabonna.
Furthermore, the inter-lake sills also decrease in height away from Warrawoocara
Channel. Based on the one second SRTM data, the Lake Gregory overflow towards
Kopperamanna must exceed 16 m AHD; the Gregory to Blanche sill is 9-12 m,
Blanche to Calabonna 7.5 m, and Calabonna to Frome is 10m. For Lake Gregory to
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fill enough to overflow to the Cooper, all the other lakes would have to fill first, which
would call for a completely different hydrological setting than occurs today.

The landforms in this area include

Alluvial fans along the edges of the Cooryanna Dome feed sediment and
rainfall runoff directly into the lakes and the inter-lake channels. The surface
is covered with gibber plain and fine silty sediment, and outcrop or shallow
subcrop, including some very iron-rich Cainozoic sedimentary rocks.

The lakes consist of lake bed, hard up against the alluvial fans on their
southern or southwestern sides, and edged by W-NW-SE trending source-
bordering dunes around the northern edges. The source-bordering dunes
define the sizes of the palaeolakes, and may occur in sets, representing the
recession of the drying lakes. Many of the dunes occur as lunettes (clay- and
gypsum-bearing dunes related to drying-lake stages) overlying transverse
dunes (Sheard & Callen 2000). Some longitudinal dunes have N-trending
longitudinal dunes extending from them. The source-bordering dunes are pale
to white, indicating their sand derives from the underlying equivalents of the
Katipiri Formation.

Longitudinal dunes extend over most of the southern Strzelecki Plain. They
are white to pale adjacent to and northwards of white source-bordering
dunes, indicating northward sand transport. Dune colour deepens to pale
orange and then mid-orange with distance away from the lakes.

Warrawoocara Channel extends from Lake Gregory downslope towards the
Kopperamanna Floodout. Its shape in DEM/satellite image is somewhat
masked by two closely-spaced longitudinal dunes that run partway along its
western side. It was difficult to access during field season, being too wet to
travel off-road, however the intersection of road and channel showed small
poorly-defined drainage ways (Fig. 59), confirming the DEM/satellite image
investigation results that this channel does not currently carry overflow from
Lake Gregory. Furthermore, the Warrawoocara Channel is poorly defined on
DEM, and the local geology is a thin layer of fine sandy silts with some gilgai
features, overlying shallow subcrop of iron-rich Cainozoic sandstones. These
are all indications that the Channel was not a locus for substantial flow, but
has occupied near-shore lacustrine facies for most of its lake-full geological
history.

There are several strings of small elongate playa lakes aligned parallel or
semi-parallel to the larger lakes (Fig. 34). These are likely to be wind-eroded
basins, related to the low hills and other topographic elements.
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e There is a slightly elevated area north and north east of Lake Gregory
(section 2.2). The elevation difference is largely masked by the dunefield, and
is only visible with close interrogation of the DEM . The origin of these low
hills is not clear. However, it is possible that the factors which keep Strzelecki
Creek in its present course include not only the northwards-trending dunes
(Gravestock et al. 1995), but also this topography.

e Strzelecki Creek flows south and SSW, and enters Lake Blanche on the
lake's south eastern side through a delta.

Fig. 59. Warrawoocara Channel, not currently an overflow.

The only waterway in the Warrawoocara Channel is a small poorly defined channel and some
accompanying swales. It carries local runoff from the alluvial fans to the south and southwest. These
small drainages show no evidence of overflow from Lake Gregory, however the disposition of the
drainage network indicates receipt of runoff waters from the gibber plains to the south west, and it
remains a potential toad migration path.
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8. HUMANS AND GEOMORPHOLOGY

8.1 Introduced Animals

8.1.1 Cane Toads: Life, Habitat and Spread

The daily cycle of the adult cane toad revolves around hydration and sheltering from
desiccation. Toads are nocturnal: they spend daylight hours out of sight, sheltering in
small confined spaces (burrows, deep soil cracks in black-soil country, small gaps
between rocks) or beneath the cover of vegetation (Tingley & Shine 2011). Their
refuge spaces can include apparently quite unfavourable situations (such as hiding
beneath a sheet of corrugated iron exposed to the sun, Steve Wilson, ex-Desert
Channels Queensland, pers. comm., 2012). At dusk toads emerge from their
shelters, to rehydrate by immersing their ventral surfaces in shallow water (they don't
drink), and to move around either locally (established populations) or away from the
day's refuge site (advancing invasion front). During the night's movement, the toads
feed (primarily on insects, but they will eat anything; CSIRO 2003). Males may
congregate around a suitable breeding location (open ground around the edge of
shallow water) and call to attract females; females may be more widely dispersed
away from the breeding locations. Cane toads are known to be very successful at
exploiting human environments for shelter and rehydration, utilising sub-floor spaces,
pet-food bowls, and drip patches beneath air-conditioners or leaking taps (Matt
Greenlees, University of Sydney, pers. comm., 2012).

Cane toad life cycles are dependent upon the availability of warmth and water, but it
is important to note that

e the adults are largely terrestrial and their original native range includes
seasonal dryness,

e in Australia, they are increasingly occupying zones where conditions are more
extreme than those of their native range (Urban et al. 2007),

¢ their adaptive behaviours have allowed them to be increasingly well-adapted
to seasonal drought in the Top End (Brown et al. 2011),

o they have demonstrated plasticity in cold tolerance, allowing them to invade
colder regions of south eastern Australia (Kolbe et al. 2010),

o and (most importantly) cane toads at the invasion front also display genetic
adaptability, displaying longer legs (fast forward progress, therefore better
access to new breeding sites) (Philips et al. 2007), enhanced dispersal
abilities (Alford et al. 2009) and greater ability to deal with arid conditions
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(more rapid water uptake, better ability to travel long distances while
dehydrated; Tingley et al. 2012).

Thus, the cane toad life cycle described below should be recognised as being

derived from places where the cane toad currently exists. It does not represent
factors that can be assumed to limit the toads' ability to expand into South Australia’s
Arid Lands.

The cane toad life cycle moves through the following stages: amplexus (breeding),

eggs, tadpoles, metamorphs, adult toads. Unless otherwise referenced, this
information is pers. comm., Matt Greenlees, University of Sydney, 2012.

1.

Amplexus (breeding). Toads will seek out a suitable breeding site: a body of
still or slow-flowing water, with a shallow edge and little surrounding vegetation.
They will preferentially seek such a site (Semeniuk et al 2007), even if it
requires they move away from the main river (David Peacock, PIRSA, pers.
comm., 2012; and see Doody et al. 2006). Males congregate around the edge,
calling for females; females range more widely away from the breeding site,
and will come in if attracted by a male's call. Amplexus is when the male clasps
the female's back, in order to externally deposit sperm on the eggs as the eggs
are laid. Ideally this takes place in shallow water with a gently-shelving incline.
Amplexus can take place in a vegetated riparian zone, but it is less common. It
can take place in deeper water, or on a more steeply inclined bank, however
the female toad risks being drowned. Toad breeding sites are characteristically
described as shallow ponds, farm dams, roadside culverts, and shallow
streams and billabongs (Philips et al. 2007, Kearney et al. 2008, KBT1 2012).
Parameters: the likelihood of a breeding event is restricted by minimum
temperature; maximum temperature has not been known to be a controlling
factor.

Eggs are laid in shallow water: the female toad's feet are touching the ground
when she lays the eggs, and her head is above water. The eggs are laid in long
neat strings of non-toxic gelatinous material containing pairs of very toxic tiny
black eggs. It is not known whether the egg strands are sticky; it is possible
that eggs might float free, or become entwined around vegetation, and they
have been known to become stranded by falling water levels. It is unlikely that
the eggs would remain viable if they are out of the water for very long. Two
possibilities arise if egg strings become detached from the breeding site and
transported elsewhere (for example, by a flood pulse). Firstly, the eggs may be
transported to a new hatching location. This will be detrimental if toad control is
being targeted around known breeding sites. Secondly, the eggs may end up in
deeper water, bringing their toxin within the depth range of larger waterhole fish
or turtles. To date, there have been no reports of egg detachment, however the
locations of previous studies have not been on rivers whose water levels
fluctuate on a day-to-day basis (whereas the Lake Eyre Basin channel country
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rivers are characterised by complex hydrology and multiple flood peaks).
Parameters: the time needed between laying and hatching is generally 2-3
days, however that will be temperature dependent, and there are indications
that toads are adapting to cooler temperatures. The effect of water salinity and
acidity on the eggs is currently being investigated.

Tadpoles will move between shallow and deep water but are most often seen
as swarms in shallow water (close to the ideal metamorph habitat). The time
needed between hatching and metamorphosis can be as little as 17 days or as
much as 6 months (CSIRO 2003). The amount of time they spend in this stage
affects their adult fitness. If they spend a short time as tadpoles, they turn into
little metamorphs and are thus less resistance to desiccation, and their fithess
as adults is also compromised. Parameters: this stage is affected by
temperature, feeding, competition, and the presence of predators (fear
pheromones lead to faster development, therefore the tadpoles are smaller
when they turn into metamorphs). Tadpoles will live amongst emergent
vegetation. Tadpole swarms caught up in flowing water might result in
dispersal, however if they're not at the water's edge during metamorphosis the
metamorphs will drown. The effect of water salinity and acidity on tadpoles is
not known.

The metamorphs are tiny black toadlets. They are very prone to dehydration,
and cluster near muddy gently-sloping banks near the edge of shallow water.
They don't need to enter water to rehydrate, just press their ventral surface
against damp ground. They don't swim well and might drown in flowing water,
however they are unlikely to enter the water. If conditions are dry their daily
shelter spot needs to be within a couple of metres of their rehydration spot,
however if conditions are moist they can go ~100 m from water. Unlike native
frogs, they are not known to shelter in toilet cisterns or bowls. There is no
information on the limiting parameters of water temperature, air/ground
temperature, water salinity or acidity, or length of time to develop into adult
toads.

Adult toads need to rehydrate regularly, but the length of time between
hydration depends on activity levels, temperature, and humidity. Toads that are
travelling (invasion front) will be in trouble if they can't rehydrate every 2-3
days, whereas toads that are sheltering have apparently been observed to last
two weeks without water (KTB1 2012). Toad activity in the Top End is at a
maximum in warm, wet, and windy nights (Philips et al. 2007). Because
moisture and warmth is so strongly correlated in the Top End, where most of
the research has taken place, there is little information on other
temperature/moisture conditions, however since toads are ectotherms,
minimum temperature is likely to be a limiting parameter. Toads move an
average of 50-150 m per night (with much higher maximum distances) so
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presumably the daytime shelter doesn't have to be very close to the rehydration
site.

While there is clear evidence that toads hitchhike in vehicles (Shine Research Group
2011a, NT News Photo Gallery 2012), the most recent invasion wave across the Top
End has taken place by the efforts of the toads themselves. Toads expanding into
new territory along the invasion front move from one water source to another, so
tending to travel long moisture corridors such as river primary flow paths. However
they travel overland (not by swimming, although they can swim across strongly
flowing streams), and can cross very dry or otherwise difficult country (rocky,
densely vegetated, very steep, dry black-soil plains) (Schwartzkopf & Alford 2005,
Matt Greenlees pers. comm. 2012). Daily travel distances are typically <100-200m,
but vary widely according to conditions. Individuals have been tracked at single-night
or average-per-night distances of >200m, 750 m, 1 km, 1.3 km, (Schwartzkopf &
Alford 2005, Phillips et al. 2007), and toads have been observed colonising artificial
watering points up to 9.5 km from permanent natural waters (Florance et al. 2011) .
Invasion front toads tend to travel in approximately straight lines, away from their
natal pond. They also tend to keep a distance from other pioneer toads, so the end
result is a lot of toads all moving in the same direction. Toads prefer to travel along
clear pathways such as roads or cleared fencelines, and travel more slowly in
heavier vegetation. The toad populations along the invasion front are different in
age/size, gender balance, behaviour, and genetics from those resident in established
toad territory, and the complex travel patterns appear to differ along gender lines
(Schwartzkopf & Alford 2005, KTB2 2012).

A number of studies have attempted to predict the eventual distribution of cane toads
in Australia by matching their known habitat preferences and limiting parameters
(temperature, water requirements, etc.) to Australian climate zones (Kearney et al.
2008, Urban et al. 2007, Urban et al. 2008, Florance et al. 2011). While well-
grounded in literature on toad ecology, they are inadequate as predictive tools
because their understanding of arid-zone landforms and hydrology is minimal. A
study on the role of artificial watering points as potential toad habitat (Florance et al.
2011) develops a valuable methodology, but its results are compromised because its
data sources (intended to show the locations of permanent natural waters) are
incomplete and were not ground-truthed. Sophisticated computer models matching
toad physiology to bioclimatic conditions (Urban et al. 2007, Kearney et al. 2008)
assesses presence/absence of suitable breeding sites in such an extremely simplistic
fashion that the Cooper Creek's permanent waterholes and RAMSAR-listed wetlands
are presumed to not exist. Indicative lengths of water retention of some Cooper
Creek landforms are shown in Table T1. These publications will disadvantage the
South Australian Arid Lands Natural Resources Management Board in competitive
funding applications on a national level, since they falsely indicate the SAAL NRM
area is unlikely to be in danger of cane toad invasion. While the authors would rightly
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point out that a model is not supposed to be taken seriously beyond the limitations of
its input data, the fact remains that readers unfamiliar with or unaware of those
limitations will take the conclusions at face value. This has already occurred (see
Peacock 2007, Urban et al. 2008, Phillips et al. 2008, Beckman & Shine 2009, Shine
2010, Florance et al. 2011).

Potential toad habitat in Cooper Creek

The key cane toad habitat requirements are water for rehydration while travelling,
daytime shelters, and suitable breeding habitat.

For toads to successfully expand downstream Cooper Creek, rehydration water sites
must be no more than 3-4 days toad-travel apart. Any patch of shallow water (or a
shallow edge to deep water) is sufficient for adult toad rehydration, so the availability
of sites for toad rehydration depends on the current hydrology of the system. In wet
years, water is continuous along the channel network and in places the floodplains
are inundated, so there would seem to be few limits to toad expansion down and
across the Cooper's fluvial network. In light of the recent flow events (2010-2012)
(Costelloe 2013), it would be desirable to actively seek information on the current
location of the toad invasion front in Queensland.

In more dry years, the likely expansion corridors would be more limited. It would be
possible to map and prioritise likely dispersion pathways for high-flow and low-flow
hydrological scenarios by firstly defining the locations of suitable water by combining:

e geomorphic information (flow paths, permanent and semi-permanent
waterholes, primary and secondary channels, and using gilgai morphology to
map more and less-inundated floodplains)

e hydrological data (Costelloe 2013), and

¢ landholder data, and historical records of waterhole permanence (Silcock
2009).

Water locations would then have buffer zones established around them to indicate
toad-travel distances. Where buffer zones intersect, a potential pathway of toad
travel would exist. A simplistic model based on the travel distances measured from
the Top End would make that distance 3.9-5.2 km. (More sophisticated models
incorporating temperature and other biophysical conditions are described in the
literature. To apply them accurately it would be desirable to have specific information
from the south-western Queensland toad populations to see what distances are
travelled, and over what weather conditions.) If it is intended that toad populations
should be managed before they get to high-value waterholes in South Australia then
it would be desirable to work with the Queenslanders to create such a database. The
database could be used to identify those parts of the primary flow path which (during
dry years) have the furthest-apart water sources; these would be high-priority targets
for cane toad control.
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An important factor in toad dispersion pathways is the location of artificial water
points. The most important thing to understand about cane toad habitat in South
Australia is that even where natural waters are only transient, they may be sufficient
to allow invading toad populations to reach artificial permanent waters, from whence
they can re-infect the system in the next wet year. In the Strzelecki Plain, there are
substantial artificial permanent waters, including

e pastoral dams
e water treatment ponds created to service the hydrocarbon extraction industry.

The location of all artificial waters should be included in potential expansion corridors
database.

Wherever there is water in the fluvial system, there would be no shortage of suitable
places for a toad to shelter during the day, including:

e the tangles of exposed coolabah roots along the waterhole banks

e beneath fallen branches and logs along waterhole banks, and in channel
beds

e beneath vegetation in gullies cutting through waterhole and channel banks

e dense lignum thickets along the edges of swamps, or some channel and
waterhole banks

¢ within the deep cracks and crabholes of the black soil swamp country

e under the clusters of boulders, where rocky outcrop is close to the water (for
example, at Cullyamurra and Nappa Merrie)

e beneath or within human infrastructure: demountable offices, accommodation
blocks, toilet blocks, sheds, storehouses, stockpiles on pallets, shipping
containers, garden-supply bins

e in or under human objects: shoes, the holes in bricks and bessa-blocks, cars,
piles of mulch, scraps of building materials.

e It would be desirable to examine the Channel Country cane toad populations
at the invasion front (currently near Jundah), to ground-truth these
assumptions.

The final factor in whether or not cane toads can colonise the Cooper Creek
catchment relates to suitable breeding sites. Toads prefer small shallow ponds,
which would dry quickly under north-east South Australia’s dry climate. Assuming
such ponds are fed by local runoff, modeling using SA’s rainfall:evaporation ratio has
assessed north-east South Australia as being at no risk of cane toad invasion
(Kearney et al. 2008, Urban et al. 2007, Urban et al. 2008, Florance et al. 2011).
However this assessment is incorrect: Cooper Creek is not dependent upon local
run-off for its water supply, so rainfall: evaporation ratio is only one of several
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deciding factors. In fact, upstream from Coongie Lake (Northwest Branch) and
Embarka Waterhole (Main Branch) there are a string of essentially permanent
waterholes all the way up to the upper catchment; downstream of these locations,
there are waterbodies which would hold water for a time, before drying. The Coongie
Lakes are drought refugia and Ramsar-listed high-value aquatic ecosystems.

Small ponds are not the only landforms which can supply the desirable features for
cane toad breeding sites (shallow still water, gentle slope, relatively unvegetated
water's edge). Suitable landforms are available throughout the Cooper:

e upstream and downstream edges of feeder channels and splay channels of
the permanent waterholes

e margins of secondary and minor channels, also flood chutes, palaeochannels
and anabranches

o offtakes and distributary channels along the Cooper Creek Fan
o lake edges

e lake input and offtake channels

e swamp edges

e sandy benches where dunes meet channels, or where stock pads come down
to the water's edge

e dam edges

e borrow pits

e culverts and under-bridge areas

o flare pits and evaporation ponds of the hydrocarbon extraction industry.

Furthermore, it has not been established that the absence of ideal spots will
completely prevent toads from breeding; their adaptability may include using less
ideal sites.

Some landforms may be less suitable for cane toads. Heavily vegetated water's edge
areas (like some downstream edges of splay channels) may be less desirable as
breeding sites (though toads have been observed calling in well-vegetated ponds).
Steep waterhole banks may be poor breeding sites, because of the risk of drowning.
Lake shorelines exposed to wave action may be undesirable environments for
metamorphs and tadpoles, although the sandy beaches associated with those
shorelines may be very desirable as breeding sites. Acidity (low pH) is associated
with poor health in fish (D. Schmarr, pers. comm. 2012), and heavily vegetated
swamp areas (such as Tirrawarra swamp) with brown peaty water may be unsuitable
for tadpoles or eggs. Increasing salinity with decreasing water level or with
increasing down-valley distance is also likely to be detrimental.
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Toads exploit specific microhabitat in their breeding sites (Semeniuk et al 2007). If
specific waterholes or lakes are to be the subject of targeted toad control, it may be
desirable to undertake detailed geomorphological mapping as an aid to identifying
target habitat areas.

Cane toad control

Cane toad control mechanisms are beyond the scope of this report, however at
present the indications are that

e "toad busting" (concentrated removal of toads from particular breeding sites
or refuge areas) has not halted the invasion front in the Top End, but may (or
may not) have slowed it briefly, and has apparently been successful in
clearing specific sites, or reducing toad impact at specific sites (Sawyer &
Taylor 2005, Peacock 2007, Shine research group 2011b, KTB2 2011, KTB3
2011);

e hiological controls do not currently exist, though work is being done on
existing cane toad parasites (Shine research group 2011c) and other things
(Shannon and Bayliss 2008), while other avenues remain unexplored
(Peacock 2006);

e toads can be successfully excluded from small areas by fencing (Stop The
Toad 2010, Florance 2011), although the method will be problematic for many
fluvial locations, and may not be economically feasible for pastoralists;

e toads are successfully preyed upon by aquatic insects (Cabrera-Guzman et al
2012), meat ants (Shine research group 2011d), crabs (Matt Greenlees pers.
comm. 2012; so possibly they might be preyed upon by yabbies), and
especially cane toads prey upon each other;

e toad tadpoles are attracted to toad pheromones (in a predator-prey
relationship), and tadpole traps might make it possible to clear tadpoles from
waterholes (Crossland et al 2012);

e itis possible that a combined strategy of toadbusting plus tadpole pheromone
traps may manage toads in specific places, reducing impact on local predator
populations;

e however toadbusting is a very labour-intensive operation which must be
repeated regularly — it is outside the scope of pastoral station operations,
instead requiring staff or dedicated volunteers, and external funding.

Toad busting of adult toads may be more successful in slowing the invasion front in
the Queensland (Windorah to Nappa Merrie) reach of Cooper Creek than it has
been in the Top End, since the invasion front would only be as wide as the Cooper
floodplain. If the “weakest link” locations could be identified in the primary dispersion
pathways, where isolating a few water sources would make it very difficult for the
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front to progress, it may be possible to slow or hold the toad front. Dry-year toad
busting and tadpole trapping along key landforms in the dispersion paths would need
to be an ongoing effort, with extra resources allocated during/after wet years.

It would be extremely detrimental if the toads were to invade as far as the high-value
waterholes within the Innamincka Dome (Nappa Merrie and Cullyamurra), as they
would have access to permanent water in these sites, as well as impacting on refuge
fish populations. However, these waterholes are tightly constrained between
waterless uplands. The pinch points (where the hills most closely constrain the creek,
and the floodplains are narrowest) may represent the best places for toad call
monitoring, and the best opportunities for defensive toad busting and tadpole

trapping.

If cane toads get past Innamincka, and encounter the distributary channel network of
the Cooper Creek Fan, they will be much harder to control. They are likely to be able
to extend down both branches of the Cooper, into the Coongie Lakes, Kanowana
channel, Lake Hope, Strzelecki Creek, Kopperamanna Floodout, and possibly the
margins of lakes Frome, Blanche, Gregory. How permanent those populations are
will depend on year-to-year hydrology, and water chemistry (salinity, pH) in the
various locations. Across these areas, they are also likely to inhabit permanent
artificial waters, particularly in the oilfields.

8.1.2 Stock Grazing

The analysis of Fig. 38's evidence of grazing effects is as follows. There are several
possibilities why there is a difference between the two halves of the image.

1. The difference may be apparent, caused by a boundary between two different
satellite images placed along this fenceline. This is discounted because Google
Earth doesn't trim its images to infrastructure.

2. Therefore the paler colour on the eastern side of the fence relates to a
decrease in vegetation density. This may be caused by the blocking of flow,
starving some of the vegetation of water. However, this is unlikely since the
water source is on the eastern (devegetated) side.

3. Stock paths are visible in the eastern (devegetated) area. It seems most likely
that the grazing pressure was much more intense on the eastern side of the
fence.

While this degree of grazing pressure was not common in the 2007 images available
for the remote study, it demonstrates that grazing pressure can have an effect on
swamp vegetation.
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8.2 Infrastructure and Civic Development

Fig. 60. The flowchart of the application and approval process required by the Petroleum and
Geothermal Energy (PGE) Act 2000. (see next page)

www.pir.sa.gov.au > Petroleum > Legislation & Compliance, follow the link entitled Guide to the licensing
and approvals process for exploration, retention, production and associated activities. Accessed April
2013.
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GUIDE TO THE LICENSING AND APPROVALS PROCESS FOR
EXPLORATION,RETENTION, PRODUCTION ACTIVITIES

PETROLEUM AND GEOTHERMAL ENERGY ACT (PGE) ACT 2000

The PGE Act process consists of three stages. Firstly, a licence is granted authaorizing the licensea o camy out the specific activity o which the

licenca relates. Environme ntal assessments are then required 1o develop environmenital o bjectives and assessment criteria for approval.

Finally, a kcation-spacific activity notification is submitied for assessment and approval where required. Each stage is shown inde pendently in

this fiowchar and sll steges are required to be completed before regulated aclivities can commence. In reality, it will be possible for some aspects

of the separate stages to ocourin parallel - this is best discussed with DMITRE earty in project planning. References to appropriate sedtions of the
\_F"GE Regulstions are provided where these will assist the proponent.

STAGE 1: LICENSING STAGE Z: ENVIRONMENTAL ASSESSMENT AND APPROVAL OF ENVIRONMENTAL OBJECTWES | STAGE 3: ACTIVITY NOTIFICATION AND APPROVAL

Frepare and submit Exploration, | | Prepare and submit Retenfion, Frepare and submit EIR and draft SE0 For low level official surveillance Faor high level offidal survsillance
Survey or exploration related Production or production-related - activiies, prepare and submit Activity acfivities, prepare and submit Actvity
Assodated Adivities Licence Azsocisted Adivities Licence Regulations 10, 12 & 13 Notification. Requires submission of: Mofification and applicaon for approval
applicafion applicafion * Detailed activity information; Requires submission of
< *EIR and approved SEQ, ar * Detailed adivity information;
Reguiations 4, 5& 6 Regulations 4, T& 8 § . Environmental assessment against the | | * EIR and approved SEQ, or
¥ T Activifies that impact MNES underthe m'? '“IMMSO‘?"'F“. “Amml mmenk ko relevant {existing) approved SEO; Environmental assessment against the
- - — § ) - Enwirnmant Profediion and Biodivarsity ne v impact * Landowner information; and redevant (existing) approved SEO;
Publish Associated Activities Publish Producton or Associated ConsenafonAd 1999 10 business days * Stalement regarding the * Landowne rinformatian;
Licence application in the Acfivities Licence ap plication in fitness-for-purpose of facilities, * Assessment of the fitness-for-purpose
SA Govemment Gazetis the SA Govemment Gazetis | | equipmeant and manage ment sysEms. of facilities, aquipment and
30 calendar days 30 calendar days W W 3 W y;;r flso require smissim gfﬁro ) [napmnagm ssr_sbtrl:; mtor
Naie: Tima frame can be Nole: Tima lrame czn be Low impadt | | Medium impact | | High impact - A:e:smft o \ralida:emﬂe'::ﬁtnells- assassnwnt?:ﬁl&:fs =
reduced through a determination reduced through a determinafion W ¥ ¥ for-purpose statement; * Risk assesamant, HAZOP
of the Minister af the Minister - - - _ ) * Work area dearance detailsireport; documenistion;
T " Consult on sie’errnlned low i_:orcsultqn determined mediumdigh level of environmentsal and * Wark area clearance detailsireport;
- — lewel of enviranmental impact with DFTI * Any other meterial required by * Any other material required by
Refer Licence application to Refer Licenoe spplication to impect with: Comments within 10 business days DMITRE to ensure it has DMITRE fo ensure it has
the relevant Minister for: the relevant Minister for. EPA and ¥ compre hensive informaton on e comprehensive information on the
* Approval, where area is within: * Approval, where area is within: DEWNR propased activifies. propsed achities.
a Nafional or Consenafion & Regional Reserve, National Consider comments and classify the environmental impact ) o ) o
Park; & marine pari: or the or Conservation Park or the Comments within 10 —»| of proposed adivities At least 21 days prior to activity At least 35 days prior to activity
Adelaide Dolphin Sanctuary :’ddade Dolphin Sanctuary business days 5 business days COmmencement commencement
ﬁ‘mugmmeaaansh ﬁz:ﬁmﬁﬁ;ﬁﬁ I Mate: Time frames may be reduced Note: Time frames may be reduced on
within a Region, sarve or the r an application and with approval application and with approval
River Murray Protection Area Pratectan Area ¥ ¥ ¥ i i
Response within 20 - 60 Response within 20 - 60 LOW IMPACT | | MEDILM IMPACT | | HIGH IMPACT Regulations 15 & 20 Reguiafions 16, 19 & 20
business days business days W W \]{ \L, \L_
A W gggUﬁﬂm on EIR and draft :“'#ggmit“:ﬁnn onEIRand | [ g cessment and consuitation Submit Notices of Entry to owners of land
N . . : ra with:
aF;;I_Ex?:ahon L‘T{ﬂ?ﬂ.‘ E:B%d”:;m ";2" be”tﬂn" . EFh'" *EPA: ﬁ:‘gg“; Development Atleast 21 days prior to activity commencement
icaions, consult wi nce applications, consu . B . . ) ) -
S e - 5 = “DENR; DEWNR; Mote 1: The PGE Ad provides a dispule resolution process for land entry objecfions
undariying compatbls licnce twith underlying compatbls * SafeWork SAand *DFTI; Atloost 7 ““'“l’“‘ Note 2- Notice period may be reduced with wiitlen consent from all owners. of land
* DFTL, if actvity is within a * Safework SA; i
14 calendar days 14 calendar days coundl area or a part of the * Relevant statutory authorities;| "o oo e e Regulation 22
For Associated Acfivities Licence | | For Assodated Activifies Licence State described in Schedule 20 : Relevant local councils; that (slong with draft SEQ) wil ¥
applicafions, where area covers applications, where area covers of the Developmant Act 1383 .L.andomers; bie subject to an extensive R } } .
an exisfing licence areals), an existing licence area(s), Co nts within 20 Key stakeholders and public ultation pr = Has all information been provided o DMITRE's
consult with existing licence consult with existing licence business days * General public Refer to the Davelopment satisfacion and any land entry issues resohed?
holder{s) holder(s) Comments within 20 Act 1993 for detsils
14 calendar days 14 calendar days business days 'l' Yem \|, Mo . .
¥ rI_ ¥ ¥ For high level official surveillance activities, F”’*‘; [ information
For Speculsfve Su Li Refer draft SEO to the relevant Minister for: ACTIVITY APPROVAL GRANTED.
appiicgsorss ulrl":yﬂh cence LICENCE :Appwa], where it covers any area within a National or Conservafion Park ) Mate: Approval not required for low level
p-ingllioeme - APPLICATION Con:_::unanaa, where rto_wersargramawrthlnuad}amntba Marine Eark, ﬂﬂqa!dalajda offidal surillance adivities. These actiifies ACTVITY
overiap DECLINED Dwolphin Sanctuary, the River Murmmay Protedion Area or the Mumay-Daring Basin can commence without approval provided NOTIFICATION
W Refer draft SEO to DEWNR for. time frames have been satisfied. DECLINED
Whare Nafive Title has not bes LICEMNCE * Consuttation, where it covers any area within a Regional Reserve
ere e na n Mote: This ususlly occurs in parallel with consultafion on Environmental Significance Assessment
extinguished over proposed GRANTED ! i
Licence area, inifiaie negotiations Response within 20 — 60 business days DEWNR: Department of Environment, Water and Natural Resources

DMITRE: Department for Manufacturing, |nnovaton, Tratde, Resources and Enangy
DPFTI: Depariment of Planning, Tranaport and Infrastrectre

| ElIR: Environmental Impact Report

El5: Environmental iImpact Stetement

for conjunoive land accessin W
accordance with the Nafive - -

Titia Act 1993 through either tha | Congider comments snd amend EIR andiordraft SEO =5 required
Right i Negofiaie procedure; or

an Indigenous Land Usa . - EPA: Enviro nment Protecton Authority Bilue box = initiated by
Determine whether significant changes have been made o EIR. andor Yes
resment 1 .
ac draft SEQ document that would warrant further consultstion > :ﬁ?-m::mgmaﬁ?ﬁnfm' Sgmfeance propone ntiLicensee
'G | Mo PG.EAci: Petrodeum and G eothermal Energy Act Green box = inifaied by
LICENCE 1# SA: South Australia DMITRE/SA G rment
APPLICATION SEQ APFROVED SEO NOTAPPROVED SEO: Statement of Environmental O bjectives
DECLINED Approval dedsion published in SA Government Gazette Version 5: June 2013

5-10 business days 4, Vevermop of ol

@' rrocoion, T, Benmerra ol Brmrgy
DMITRE 20436 5-044

LICENCE
GRANTED




9. REFERENCES

Alford, R.A., Brown, G.P., Schwarzkopf, L., Phillips, B.L., & Shine, R., 2009. Comparisons through time
and space suggest rapid evolution of dispersal behaviour in an invasive species. Wildlife Research 36,
23-28.

Alley, N.F., 1998. Cainozoic stratigraphy, palaeoenvironments and geological evolution of the Lake Eyre
Basin. Palaeogeography, Palaeoclimatology, Palaeoecology 144: 239-263.

Alley, N.F., Sheard, M.J., White, M.R. & Krieg, G.W., 2011. The sedimentology and stratigraphic
significance of Cretaceous sediments at Mt Howie, NE South Australia. Transactions of the Royal
Society of South Australia 135(1), 12-25.

Ambrose, G.J. & Flint, R.B., 1981. A regressive Miocene lake system and silicified strandlines in
northern South Australia: implications for regional stratigraphy and silcrete genesis. Journal of the
Geological Society of Australia 28, 81-94.

Beckmann, C. & Shine, R., 2009. Impact of invasive cane toads on Australian birds. Conservation
Biology, 23 (6), 1544—1549.

BMR 1967. Australian 1:250 000 geological series: SF 54-7, Milparinka. Bureau of Mineral Resources,
Geology and Geophysics, Australia, Department of National Development; in conjunction with the New
South Wales Geological Survey, Sydney.

BMR 1971. Australian 1:250 000 geological series: SF 54-3, Tickalara. Bureau of Mineral Resources,
Geology and Geophysics, Australia, Department of National Development; in conjunction with the
Queensland Geological Survey, Brisbane.

Brown, G.P., Phillips, B.L., Webb, J.K & Shine, R., 2006. Toad on the road: Use of roads as dispersal
corridors by cane toads (Bufo marinus) at an invasion front in tropical Australia. Biological Conservation
133, 88-94.

Brown, G.P., Kelehear, C., & Shine, R., 2011. Effects of seasonal aridity on the ecology and behaviour
of invasive cane toads in the Australian wet—dry tropics. Functional Ecology 25, 1339-1347.

Callen, R.A. & Cowley, W.M. 1998. Billla Kalina Basin. In: Drexel J. F. & Preiss W. V. (eds). The
Geology of South Australia, Volume 2, The Phanerozoic. Geological Survey of South Australia Bulletin
54; pp. 195-198.

Callen, R.A., & Bradford, J., 1992. Cooper Creek fan and Strzelecki Creek — hypsometric data,
Holocene sedimentation, and implications for human activity. Mines and Energy Review 158, 052-057;
South Australia Department of Mines and Energy, Adelaide

Callen, R.A., & Gravestock, D.I. 1994. Strzelecki map sheet, sheet SH54-2, South Australia. Geological
Survey Geological Atlas 1:250,000 Series, Adelaide, South Australia.

Cendon, D.I., Larsen, J.R., Jones, B.G., Nanson, G.C., Rickleman, D., Hankin, S.l., Pueyo, J.J. &
Maroulis, J. Freshwater recharge into a shallow saline groundwater system, Cooper Creek floodplain,
Queensland, Australia. Journal of Hydrology 392, 150-163

Cohen, T.J., Nanson, G.C., Larsen, J.R., Jones, B.G., D.M. Price, M. Coleman , & T.J. Pietsch, 2010.
Late Quaternary aeolian and fluvial interactions on the Cooper Creek Fan and the association between
linear and source-bordering dunes, Strzelecki Desert, Australia. Quaternary Science Reviews 29, 455-
471.

Cohen, T.J., Nanson, G.C., Jansen, J.D., Jones, B.G., Jacobs, Z., Treble, P., Price, D.M., May, J-H.,
Smith, A.M., Ayliffe, L.K. & Hellstrom, J.C., 2011. Continental aridification and the vanishing of
Australia’'s megalakes. Geology 39 (2), 167-170.

150



Costelloe, J.F. 2013 (unpublished). Hydrological assessment and analysis of the Cooper Creek
catchment, South Australia. A report to the South Australian Arid Lands Natural Resources
Management Board, Port Augusta.

Costelloe, J.F., Irvine, E.C., Western, A\W., & Herczeg, A.L.,, 2009. Groundwater recharge and
discharge dynamics in an arid zone, ephemeral lake system, Australia. Limnology and Oceanography
54, 86-100.

Crossland, M.R, Haramura, T., Salim, A.A., Capon, R.J. & Shine, R., 2012. Exploiting intraspecific
competitive mechanisms to control invasive cane toads (Rhinella marina). Proceedings of the Royal
Society, doi: 10.1098/rspb.2012.0821.

CSIRO 2003. Cane Toad Fact Sheet; www.csiro.au/proprietaryDocuments/CSE_ctfacts.pdf, accessed
June 2012.

DeVogel, S.B., Magee, J.W., Manley, W.F. & Miller, G.H., 2004. A GIS-based reconstruction of late
Quaternary paleohydrology: Lake Eyre, arid central Australia. Palaeogeography, Palaeoclimatology,
Palaeoecology 204, 1-13

Doody, J.S., Green, B., Sims, R., Rhind, D. West, P. & Steer, D., 2006. Indirect impacts of invasive
cane toads (Bufo marinus) on nest predation in pig-nosed turtles (Carettochelys insculpta). Wildlife
Research 33, 349-354.

Fagan, S.D. & Nanson, G.C., 2004. The morphology and formation of floodplain surface channels,
Cooper Creek, Australia. Geomorphology 60), 107-126.

Fitzsimmons, K.E., 2007. Morphological variability in the linear dunefields of the Strzelecki and Tirari
Deserts, Australia. Geomorphology 91, 146-160.

Fitzsimmons, K.E., Bowler, J., Rhodes, E., Magee, J., 2007. Relationships between desert dunes during
the late Quaternary in the Lake Frome region, Strzelecki Desert, Australia. Journal of Quaternary
Science 22 (5), 549-558.

Florance, D., Webb, J.K., Dempster, T., Kearney, M.R., Worthing, A. & Letnic, M., 2011. Excluding
access to invasion hubs can contain the spread of an invasive vertebrate. Proceedings of the Royal
Society B 278 (1720), 2900-2908.

Fuiioka, T., Chappell, J., Honda, M., Yatsevich, I., Fifield, L.K., & Fabel, D., 2005. Global cooling
initiated stony deserts in central Australia 2-4 Ma, dated by cosmogenic 21Ne-10Be. Geology 33, 993-
996.

Fuiioka, T., Chappell, J., Fifield, L.K., & Rhodes, E.J., 2009. Australian desert dune fields initiated with
Pliocene-Pleistocene global climatic shift. Geology 37, 51-54.

Gallant, J.C., Dowling, T.l., Read, A.M., Wilson, N., Tickle, P., & Inskeep, C., 2011. 1 second SRTM
Derived Digital Elevation Models User Guide. Geoscience Australia www.ga.gov.au/topographic-
mapping/digital-elevation-data.html

Geoscience Australia, 1997. Australia's River Basins 1997; GIS dataset, National Mapping Division,
Geoscience Australia, Canberra.

Geoscience Australia. 2011. Stratigraphic Units Database. Geoscience Australia, Canberra;
http://dbforms.ga.gov.au/www/geodx.strat_units.int, accessed October 2011.

Gibling, M.R., Nanson, G.C. & Maroulis, J.C., 1998. Anastomosing river sedimentation in the Channel
Country of central Australia. Sedimentology 45, 595-619.

Gillen J.S. & Reid, J.R.W., 2013. Vegetation and soil assessment of selected waterholes of the Main
and North West channels of Cooper Creek, South Australia, April-May 2012. A report to the South
Australian Arid Lands Natural Resources Management Board, Port Augusta.

151



Gravestock, D.l., Callen, R.A., Alexander, E.M. & Hill, A.J., 1995. Explanatory Notes, 1:250 000
Geological Series — Strzelecki, SH/54-2. Geological Survey of South Australia, Adelaide.

Greenlees, M. & Shine, R., 2011. Impacts of eggs and tadpoles of the invasive cane toad (Bufo
marinus) on aquatic predators in tropical Australia. Austral Ecology 36: 53-58.

Hamilton, S.K., Bunn, S.E., Thoms, M.C. & Marshall, J.C. (2005). Persistence of aquatic refugia
between flow pulses in a dryland river system (Cooper Creek, Australia). Limnology and Oceanography
50 (3):743-754

Hesse, P.P. 2010. The Australian desert dunefields: formation and evolution in an old, flat, dry continent.
In: Bishop, P. & Pillans, B. (eds) Australian Landscapes. Geological Society, London, Special
Publications 346, pp 141-164.

Hill, S.M., 2005. Teilta, western New South Wales. In: Anand, R.R. & de Broekert, P., Regolith
landscape evolution across Australia; a compilation of regolith landscape case studies with regolith
landscape evolution models. CRCLEME, Canberra; pp 110-117.

Jensen-Schmidt, B., Alexander, E.M. & Cotton, T.B., 1995. Structural and tectonic setting. In: Alexander,
E.M. and Hibburt, J.E. (eds.), Petroleum Geology of South Australia. Vol. 2: Eromanga Basin. Petroleum
Division, SA Dept. of Mines and Energy, Adelaide; pp. 1-27.

Kearney, M., Phillips, B.L., Tracy, C.R., Christian, K.A., Betts, G. and Porter, W.P., 2008. Modelling
species distributions without using species distributions: the cane toad in Australia under current and
future climates. Ecography 31, 423-434.

Knighton, A.D. & Nanson G.C., 1994. Waterholes and their significance in the anastomosing channel
system of Cooper Creek, Australia. Geomorphology 9, 311-324.

Knighton, A.D. & Nanson G.C., 2000. Waterhole form and process in the anastomosing channel system
of Cooper Creek, Australia. Geomorphology 35, 101-117.

Knighton, A.D. & Nanson G.C., 2001. An event-based approach to the hydrology of arid zone rivers in
the Channel Country of Australia. Journal of Hydrology 254, 102-123.

Kolbe, J. J. et al. 2010. Modelling the consequences of thermal trait variation for the cane toad invasion
of Australia. — Ecological Applications 20: 2273-2285.

Kotwicki, V. & Allan, R., 1998. La Nifia de Australia — contemporary and palaeo-hydrology of Lake
Eyre. Palaeogeography, Palaeoclimatology, Palaeoecology 144, 265-280.

Krieg, G.W. & Callen, R.A., 1998. Coongie Lakes control zone: a map and note for the surface geology
and terrain. South Australia Department of Mines and Energy, Adelaide; Report Book 88/28.

Krieg, G.W., Callen, R.A., Gravestock, D.l., & Gatehouse, C.G., 1990. Geology. In: Tyler, M.J., Twidale,
C.R., Davies, M., & Wells, C.B., Natural History of the North East Deserts. Royal Society of South
Australia, Adelaide, pp. 1-26.

KTB1, 2011. Kimberley Toad Busters Fact Sheet #1: Recognising A Cane Toad.
www.canetoads.com.au, accessed May 2012.

KTB2, 2011. Kimberley Toad Busters Fact Sheet #2: Cane Toad W.A/N.T. Frontline Corridors.
www.canetoads.com.au, accessed May 2012.

KTB3, 2011. Kimberley Toad Busters Fact Sheet #3: KTB wet & dry season toadbusting strategy.
www.canetoads.com.au, accessed May 2012.

Lee, G. 2013. Landscape assessment and analysis of the Cooper Creek Catchment (SA Section). A
report by the University of Melbourne to the South Australian Arid Lands Natural Resources
Management Board. Port Augusta.

152



Liu, S.F., Raymond, O.L., Stewart, A.J., Sweet, |.P., Duggan, M.B., Charlick, C., Phillips, D., Retter, A.J.,
2006. Surface geology of Australia 1:1,000,000 scale, Northern Territory (Digital Dataset). The
Commonwealth of Australia, Geoscience Australia, Canberra: http://www.ga.gov.au.

Maroulis, J.C. and Nanson, G.C. (1996) Bedload transport of aggregated muddy alluvium from Cooper
Creek, central Australia: a flume study. Sedimentology 43, 771-790.

Maroulis, J.C., Nanson, G.C., Price, D.M. & Pietsch, T., 2007. Aeolian—fluvial interaction and climate
change: source-bordering dune development over the past 100 ka on Cooper Creek, central Australia.
Quaternary Science Reviews 26, 386—-404.

McLaren, N., Wiltshire, D., Alexander, L. & Bennet, S., 1997. The Arid Zone Field Environmental
Handbook (5th edition). Social and Ecological Assessment Pty Ltd, report to SANTOS Pty Ltd, Adelaide.
http://www.santos.com/library/aridzone.pdf, accessed Sept. 2011.

Moussavi-Harami, R., 1996. Burial history. In: The Petroleum Geology of South Australia, Volume 2:
Eromanga Basin. Alexander, E.M. & Hibburt, J.E. (Eds). South Australia. Department of Mines and
Energy, Adelaide. Report Book, 96/20, 125-140.

Moussavi-Harami, R. & Alexander, E., 1998. Tertiary stratigraphy and tectonics, Eromanga Basin
region. MESA Journal 8, 32-36; Mines and Energy South Australia, Adelaide.

Nanson, G.C. & Huang, H.Q., 1999. Anabranching rivers: divided efficiency leading to fluvial diversity.
In: Miller, A.J. & Gupta, A. (eds). Varieties of Fluvial Form. Wiley, New York, pp. 477-494.

Nanson, G.C., Rust, B.R. & Taylor, G., 1986. Coexistent mud braids and anastomosing channels in an
arid-zone river: Cooper Creek, central Australia. Geology 14, 175-178.

Nanson, G.C., Young, R.W., Price, D.M. & Rust, B.R., 1988. Stratigraphy, sedimentology and Late
Quaternary chronology of the Channel Country of western Queensland. In: R.F. Warner (Ed.), Fluvial
Geomorphology of Australia. Academic Press, Sydney, pp. 151-175.

Nanson, G.C., Price, D.M., Jones, B.J., Maroulis, J.C., Coleman, M., Bowman, H., Cohen, T.J., Pietsch,
T.J., & Larsen, J.R., 2008. Alluvial evidence for major climate and flow regime changes during the
middle and late Quaternary in eastern central Australia. Geomorphology 101(1-2), 109-129.

Nanson, G., Larsen, J, Cendén, D., Fagan, S. & Jones, B., 2009. Where has all the water gone? Why
billabongs in the Channel Country start and stop. In: Anonymous, 2009, Programme with Abstracts -
International Geomorphology Conference, vol. 7, Melbourne, Victoria, Australia, July 6-11, 2009.
International Association of Geomorphologists, Abstract no. 285.

NT News Photo Gallery 2012, http://tools.ntnews.com.au/photo-
gallery/photo_gallery_popup_preview.php?category_id=3005&offset=25, accessed July 2012.

Parker, A.J. 1990. Precambrian provinces of South Australia — tectonic setting. In: Hughes, F.E. (ed.),
Geology of the mineral deposits of Australia and Papua New Guinea. The Australasian Institute of
Mining and Metallurgy, Melbourne; pp. 985-990.

Peacock, D., 2006. Investigation of a pathogen for Bufo marinus in northern Argentina: could it be a
trypanosome? In: Molloy, K.L. and Henderson, W.R. (Eds.). Science of Cane Toad Invasion and
Control. Proceedings of the Invasive Animals CRC/CSIRO/QId NRM&W Cane Toad Workshop, June
2006,

Brisbane. Invasive Animals Cooperative Research Centre, Canberra; pp. 98-105.

Peacock, T., 2007 (unpublished). Community on-ground cane toad control in the Kimberley: A review
conducted for the Hon. David Templeman, MP, Minister for the Environment, Climate Change and Peel.
Invasive Animals Cooperative Research Centre, University of Canberra.

153



Pell, S.D., Chivas, A.R. & Williams, 1.S., 2000. The Simpson, Strzelecki and Tirari Deserts: development
and sand provenance. Sedimentary Geology 130, 107-130.

Quigley, M., Clark, D. & Sandiford, M., 2010. Tectonic geomorphology of Australia. In: Bishop, P.,
Pillans, B. (eds) 2010. Australian Landscapes. Geological Society, London, Special Publications, 346,
243-265.

Raymond, O.L., Liu, S.F., Kilgour, P., Retter, A.J., Stewart, A.J., Stewart, G. 2007. Surface geology of
Australia 1:1,000,000 scale, New South Wales - 2nd edition (Digital Dataset). The Commonwealth of
Australia, Geoscience Australia, Canberra: http://www.ga.gov.au.

Reid, J.R.W. & Puckeridge, J.T., 1990. Coongie Lakes. In: Tyler, M.J., Twidale, C.R., Davies, M. &
Wells, C.B., Natural History of the North East Deserts. Occasional Publications, Royal Society of South
Australia, Adelaide; pp. 119-131.

Reid, J.R.W. & Gillen J.S., 2013. Riparian bird assemblages of Cooper Creek, South Australia, April-
May 2012. A report to the South Australian Arid Lands Natural Resources Management Board, Port
Augusta.

Rust, B.R., 1981. Sedimentation in an arid-zone anastomosing fluvial system: Cooper’'s Creek, Central
Australia. Journal of Sedimentary Petrology 51, 745-755.

Rust, B.R. & Nanson, G.C., 1986. Contemporary and palaeo channel patterns and the Late Quaternary
stratigraphy of Cooper Creek, southwest Queensland, Australia. Earth Surface: Process and Landforms
11, 581-590.

Rust, B.R. & Nanson, G.C., 1989. Bedload transport of mud as pedogenic aggregates in modern and
ancient rivers. Sedimentology 36, 291-306.

Sandiford, M., Quigley, M., De Broekert P. & Jakica, S. 2009. Tectonic framework for the Cenozoic
cratonic basins of Australia. Australian Journal of Earth Sciences 56 (Supplement 1), 5-18.

Sawyer, G. & Taylor, R., 2005. Community participation in cane toad control. In: Taylor, R. & Edwards,
G., A review of the impact and control of cane toads in Australia with recommendations for future
research and management approaches. A Report to the Vertebrate Pests Committee from the National
Cane Toad Taskforce; http://www.feral.org.au/wp-content/uploads/2010/03/CaneToadReport2.pdf,
accessed June 2012; ISBN: 0724548629.

Schmarr, D.W., Mathwin, R., Cheshire, D.L. and McNeil, D.G., 2013. Aquatic ecology assessment and
analysis of the Cooper Creek catchment: Lake Eyre Basin, South Australia. Report to the South
Australian Arid Lands Natural Resources Management Board. South Australian Research and
Development Institute (Aquatic Sciences), Adelaide. SARDI Publication No. F2012/000442-1. SARDI
Research Report Series No. 679. 175pp.

Schwarzkopf, L. & Alford, R.A., 2005. Movement and dispersal in established and invading toad
populations. In: Scott-Virtue, L., Porter, S. & Storey. A., Proceedings of the East Kimberley Cane Toad
Forum, Kununurra, Western Australia, 15 - 16 March 2005; pp.
http://www.canetoads.com.au/forumprocedes.htm, accessed June 2012.

Semeniuk, M., Lemckert, F. & Shine, R., 2007. Breeding-site selection by cane toads (Bufo marinus)
and native frogs in northern New South Wales, Australia. Wildlife Research 34 (1) 59-66.

Shannon, M.F. & Bayliss, P., 2008 (unpublished). Review of the CSIRO Biological Control of Cane Toad
Program to April 2008. Report to the Australian Department of the Environment, Water, Heritage, and
the Arts.

Sheard, M.J., 2009. Explanatory Notes for CALLABONNA 1:250 000 Geological Map, sheet SH 54-6.
South Australia. Department of Primary Industries and Resources. Report Book, 2009/01.

154



Sheard, M.J. & Callen, R.A., 2000. CALLABONNA Map Sheet, Sheet SH54-6; Geological Atlas
1:250,000 Series. South Australia Geological Survey, Adelaide.

Shine, R., 2010. The ecological impact of invasive cane toads (Bufo marinus) in Australia. The Quarterly
Review of Biology 85 (3), 253-291.

Shine Research Group 2011a, Cane toad stowaways.
http://www.canetoadsinoz.com/cane_toad_stowaways.html, accessed June 2012.

Shine Research Group 2011b, Debunking myths  about cane  toad control.
http://www.canetoadsinoz.com/debunkingcanetoadcontrolmyths.html, accessed June 2012.

Shine Research Group 2011c, Team Bufo's new ideas on cane toad control.
http://www.canetoadsinoz.com/newideasoncanetoadcontrol.html, accessed June 2012.

Shine Research Group 2011d, http://www.canetoadsinoz.com/meatants.html, accessed June 2012.

Silcock, J., 2009 (unpublished). Identification of permanent refuge waterbodies in the Cooper Creek and
Georgina-Diamantina River catchments for Queensland and South Australia: A report to the South
Australian Arid Lands Natural Resources Management Board. South Australian Arid Lands Natural
Resources Management Board, Port Augusta;
http://www.saalnrm.sa.gov.au/Portals/8/Publications_Resources/Project_Reports, accessed June 2012.

Statham-Lee, L., 1994. An interpretation of palaeodrainage west of Moomba using NOAA-AVHRR
satellite images - as part of an aeromagnetic test survey west of Moomba. Report Book 94/6,
Department of Mines and Energy South Australia, Adelaide.

Stevens, B.P.J., 1991. Some aligned claypans in the Strzelecki dunefield, Central Australia. Australian
Journal of Earth Sciences 38 (4), 485-495.

Stop The Toad 2010 (unpublished). Cane toad proof your backyard.
http://www.stopthetoad.org.au/main/publications.php, accessed June 2012.

Tingley R. & Shine R 2012. Desiccation Risk Drives the Spatial Ecology of an Invasive Anuran (Rhinella
marina) in the Australian Semi-Desert. PLoS One 6(10): €25979. doi:10.1371/journal.pone.0025979,
accessed June 2012.

Tingley R., Greenlees, M.J., & Shine R 2012. Hydric balance and locomotor performance of an anuran
(Rhinella marina) invading the Australian arid zone. Oikos 121 (12), 1959-1965.

Urban, M.C., Phillips, B.L., Skelly, D.K. & Shine, R., 2007. The cane toad’s (Chanunus [Bufo] marinus)
increasing ability to invade Australia is revealed by a dynamically updated range model. Proceedings of
the Royal Society B 274 (1616), 1413-1419.

Urban, M.C., Phillips, B.L., Skelly, D.K. & Shine, R., 2008. A toad more travelled: the heterogeneous
invasion dynamics of cane toads in Australia. The American Naturalist 171 (3), pp. E134-E148.

Wakelin-King, G.A., 2010 (unpublished). Geomorphological assessment and analysis of the Neales
Catchment. A report submitted to the South Australian Arid Lands Natural Resources Management
Board, Port Augusta, Australia. Available online
www.saalnrm.sa.gov.au/PublicationsResources/ProjectReports.aspx.

Wakelin-King, G.A. & Webb, J.A., 2007. Upper-flow-regime mud floodplains, lower-flow-regime sand
channels: sediment transport and deposition in a drylands mud-aggregate river. Journal of Sedimentary
Research, v. 77, 702-712

Wakelin-King, G.A. & White, S.Q. (in preparation). The National Heritage potential in Australian desert
landscapes. Derived from Wakelin-King, G.A. & White, S.Q. 2011, Potential geoheritage values of
Australian desert landscapes. Report to the Commonwealth Department of Sustainability, Environment,
Water, Population and Communities.

155



Watson, P., 1983. This Precious Foliage. Oceania Monograph 26, Sydney.

Wells, R.T. & Callen, R.A. (Eds.), 1986. The Lake Eyre Basin — Cainozoic Sediments, Fossil
Vertebrates and Plants, Landforms, Silcretes and Climatic Implications. Australian Sedimentologists
Group, Field Guide Series No 4. Geological Society of Australia, Sydney. 176 pp.

Whitaker, A.J., Champion, D.C., Sweet, |.P., Kilgour, P., Connolly, D.P., 2007. Surface geology of
Australia 1:1,000,000 scale, Queensland - 2nd edition (Digital Dataset). The Commonwealth of
Australia, Geoscience Australia, Canberra: http://www.ga.gov.au.

Whitaker, A.J., Glanville. H.D., English, P.M., Stewart, A.J., Retter, A.J., Connolly, D.P., Stewart, G.A., &
Fisher, C.L., 2008. Surface geology of Australia 1:1,000,000 scale, South Australia - 1st edition (Digital
Dataset). The Commonwealth of Australia, Geoscience Australia, Canberra: http://www.ga.gov.au.

Williams, AF, 1975. Gason, South Australia, 1:250,000 Geological Series Explanatory Notes. Geological
Survey of South Australia; and Canberra Bureau of Mineral Resources, Geology and Geophysics,
Canberra.

Wopfner, H., Callen, R. & Harris, W.K., 1974. The lower Tertiary Eyre Formation of the southwestern
Great Artesian Basin. Australian Journal of Earth Sciences 21(1), 17-51.

156



