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ABSTRACT 

The Nguku/KaRirra-Cooper Creek/Wilson River Confluence of the Kati Thanda (Lake Eyre) Basin, like 
many dryland water resources and associated ecologies, is increasingly under pressure from human 
activity and climate change. Sustainable water management requires quantitative monitoring of 
what is happening and when, why and how the effects are occurring, and who or what is causing 
change (positive or negative). This is especially difficult for such a temporary and heavily 
anastomosed river reach, due to its extreme natural variability, multi-year climate cycles, poorly 
tracked and slowly-responding ecology, sparse-instrumentation, and problematic access. 

Technical data about the Confluence can be sourced from measurements and satellite imagery, 
including 30 years of Landsat spectral data, verified during field expeditions. But technical data, with 
its limited duration, sampling frequency and extent, can only tell part of the story. 

A complementary source of information about the Confluence is the human lived experience, in the 
form of cultural stories that communities tell about their environment. The Indigenous 
Environmental Knowledge of the Wangkumara people of the KaRirra-Wilson River covers all parts of 
the Confluence hydrological cycle and interrelates it with cultural, historic, and ecological 
information. European accounts of exploration, re-naming, and settlement of the Nguku/KaRirra-
Cooper Creek/Wilson River region from the 1800s to the present day are accessible through 
contemporaneous writings and maps and archives. Interviews with long-term residents provide 
information about more recent events. Archaeological studies further underpin knowledge that may 
hark back centuries or longer. 

This thesis develops a Worldview Methodology to address some of the major ethical and 
methodological challenges for academic researchers when accessing social and particularly 
Indigenous knowledge due to different systems of knowledge management and control, to promote 
appropriate use of Indigenous and other social knowledge in this contemporary hydrological study. 

The complicated Confluence landscape is systematized using Landscape Units, and its 
convergent/divergent drainage network is ordered by Extended Stream Order/Magnitude. Surface 
status is classified at pixel level using a three-way Water/Bare/Vegetated method, reflecting the 
significance of vegetation in tracking moisture. At feature level, waterholes are quantitatively 
assigned Permanent/Intermittent/ Ephemeral classifications. And at landscape level, Ribbon Plots 
illustrate spatial and statistical water presence over time along selected paths or transects. 

Using these tools to combines technical data, fieldwork, and Indigenous and social knowledge, this 
thesis tells a quantified cultural story of long-term water behaviour at the Nguku/KaRirra-Cooper 
Creek/Wilson River Confluence. It investigates three claims by current Confluence residents of flow 
behaviour changes as a result of construction work, plus one hydrological examination of a 
Wangkumara Story, quantifying how the journey of ancestral spirit Marnpi the Bronzewing Pigeon 
across a difficult arid landscape identifies persistent waterholes and other ecological features. 

The examples in this thesis show how interpretation of technical data can be improved by integration 
with the human lived experience via cultural stories. More broadly, the principles and methods can 
be applied to any multiple-channel, intermittent, or dryland system, allowing for more informed and 
inclusive environmental management. Ultimately, it shows social knowledge and Indigenous 
Environmental Knowledge are relevant to well-informed environmental management. 
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PREFACE 

The contents of this Section show compliance with University of Melbourne PhD requirements: 
https://gradresearch.unimelb.edu.au/data/assets/pdf_file/0004/2027839/Preparation-of-GR-
theses-rules.pdf downloaded 29 February 2020. 

GRADUATE RESEARCH THESIS RULE COMPLIANCE METHOD 

1.7(e)(i) a description of work towards the 
thesis that was carried out in collaboration 
with others, indicating the nature and 
proportion of the contribution of others and in 
general terms the portions of the work which 
the student claims as original 

 The work for this thesis was carried out wholly by me, 
with the advice and assistance of my supervisors and 
collaborators as detailed in the Acknowledgements. 

 I scoped the project and coordinated all the research 
strands, sourced appropriate publicly-available datasets, 
carried out all library, field and laboratory work, and was 
sole writer/illustrator for the thesis. 

1.7(e)(ii) a description of work towards the 
thesis that has been submitted for other 
qualifications 

 No work towards this thesis has been submitted for other 
qualifications. 

1.7(e)(iii) a description of work towards the 
thesis carried out prior to enrolment in the 
degree 

 No work towards this thesis was carried out prior to 
enrolment. 

1.7(e)(iv) whether any third-party editorial 
assistance was provided in preparation of the 
thesis and whether persons providing this 
assistance are knowledgeable in academic 
discipline of thesis 

 No third-party editorial assistance was used, beyond 
supervisor and collaborator commentary on drafts. 

1.7(e)(v) contributions of all persons involved in 
any multi-authored publications included in the 
thesis; 
PLUS 
1.1 Candidates must provide the following 
materials on submission of their thesis for 
examination: (a) where multi-authored papers 
have been submitted as part of the thesis or 
compilation, agreement by all co-authors that 
the paper may be included in the thesis, in the 
format required by the Academic Registrar 

 Multi-authored publications have been included in 
Appendix A6. There are two conference papers. The 
papers were wholly written by me, with editorial 
commentary on drafts by the listed co-authors. 
 

 The Melbourne School of Engineering Graduate Research 
Team has confirmed no co-authorship declaration forms 
are required for conference papers that do not form part 
of the main body of the thesis. 

(vi) the publication status of all chapters 
presented in article format using the 
descriptors below; 
• Unpublished material not submitted for 
publication  
• Submitted for publication to [publication 
name] on [date]  
• In revision following peer review by 
[publication name]  
• Accepted for publication by [publication 
name] on [date]  
• Published by [publication name] on [date]  

 There are no chapters presented in article format. Early 
versions of some of the content was accepted and 
published in conference papers as listed in Appendix 6. 
This has been flagged at the start of the relevant Chapter 
and citations provided, in accordance with University 
advice. 

(vii) an acknowledgement of all sources of 
funding, including grant identification numbers 
where applicable. 

 I have been financially supported by the Australian 
Government Research Training Program Scholarship 
(Domestic Student Engineering/IT PhD) 2010-2019. 

 The University of Melbourne School of Engineering 
provided end-of-year RHD payments in 2017 and 2018. 

 The University of Melbourne, through Prof Michael 
Stewardson, assisted with costs, particularly for fieldwork 
and conferences 2010-2019. 

 I was granted an Engineers Australia Women in 
Engineering National Committee scholarship to attend the 
15th International Conference of Women Engineers and 
Scientists (in Adelaide 2011). 
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GLOSSARY 
 

Ecology 

‘Assemblage’ refers to the collection of species that exist in a particular habitat and time. 

‘Ecology’ is the branch of biology that deals with the relations of organisms to one another and 
to their physical surroundings. 

‘Fauna/flora’ refers to animal and plant life respectively, occurring in a particular region or time, 
generally naturally occurring or indigenous. Flora, fauna and other forms of life such as fungi are 
collectively called ‘biota’. 

‘Range’ refers to the geographical extent within which a species can be found; ‘distribution’ is 
the pattern of spread within that range, and ‘dispersion’ the variation in its population density. 

 

Hydrology and Geomorphology 

‘Anastomosis’ refers to multiple channels within stable cohesive banks that divide and converge. 
See Chapters 2 and 6. 

‘Channel’ refers to the feature carved in the land surface with associated bed and banks. 

‘Drainage networks’ are patterns formed by water features in a drainage basin (topographic area 
from which the feature receives water flows and runoff), controlled by topography, geology, and 
gradient. See Chapter 6. 

‘Ephemeral’ water features are those that only exist for a brief time, following rain or other filling 
event (such as a flood, snowmelt, and so on). See Chapter 7. 

‘Intermittent’ water features are those which exist longer than ephemeral water features, but 
still have periods (sometimes seasonal) when they are dry. See Chapter 7. 

‘Flow patterns’ are spatial distributions of flows exhibiting repetitiveness or predictability. 

‘Flowpath’ refers to the flow of water across a surface, not necessarily along channels. 

‘Inundation’ refers to a land surface being covered or overspread with water. 

‘Landscape Unit’ (LU) is a division of landscape based on a combination of geology, drainage 
network type and level of vegetation, done visually in this thesis. See Chapter 6. 

‘Permanent-Intermittent-Ephemeral’ (PIE) is a 3-way persistence classification. See Chapter 7. 

‘Stream Order/Magnitude’ is the systematic numbering of the level or sizing of (convergent) 
branching in a drainage network. ‘Extended Stream Order/Magnitude” (ESO/ESM) add rule-sets 
for divergence. “Topological Dimension” has similarly been extended. See Chapter 6. 

“Water Bare Vegetated” (WBV) is a 3-way surface status classification. See Chapter 7. 
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In Chapter 6 anastomosing networks the following apply: 
 A parent channel is the main channel entering an area of anastomosis. 
 An aunt channel is of similar magnitude, but different origin, to a parent channel. 
 Child channels are channels diverging from a parent channel. 
 Sibling channels are child channels of the same parent. 
 Grandchild/grandparent channels continue the analogy down the generations. 
 Cousin channels are those diverging from aunt channels. This arrangement allows for 

flows to cross from an aunt system to the parent system via cross channels. 
 Tributaries and convergences have their normal meaning of channels coming together. 
 A termination covers the eventuality that a channel ‘floods out’ or ceases to flow. 
 Springs and resurgences are treated as tributary inflows unless the flowpath is an 

unambiguous continuation of an earlier termination, in which case the channel is 
considered to connect via a subsurface flow. 

 Resolved divergences are those where all the parent’s child channels re-converge into a 
single channel downstream. 

 Unresolved divergences are those where not all child channels re-converge 
downstream; there are losses to other (aunt) channels, or terminations. 

 

Remote Sensing 

‘Landsat’ is a series of Earth-observing satellite missions jointly managed by NASA and the U.S. 
Geological Survey since 1972, and carrying a range of sensors that is designed to be backwards-
compatible with earlier data. This thesis is using red, green, blue, near infrared and mid-infrared 
data from the Thematic Mapper (TM), Enhanced Thematic Mapper Plus (ETM+), and Operational 
Land Imager (OLI) sensors on Landsats 5, 7 and 8 respectively. Landsat data is available at no 
charge. See Chapter 7 for more details. 

‘MODIS’ (Moderate Resolution Imaging Spectroradiometer) is a sensor that scans the whole 
planet every 24-48 hours, carried aboard two satellites of the NASA-centred international Earth 
Observing System (EOS) mission. Terra (EOS AM-1) was launched in 1999 and Aqua (EOS PM-1) 
in 2002. Terra is timed to pass the equator north-to-south in the morning, and Aqua south-to-
north in the afternoon, acquiring 36 spectral bands including five similar to Landsat (red, green, 
blue, near infrared and mid-infrared). MODIS data is available at no charge. See Chapter 7 for 
more details. 

‘NDVI, NDWI, GSI’ are spectral indices, combinations of spectral reflectance from two or more 
wavelengths that indicate the relative abundance of features of interest such as vegetation 
(Normalised Difference Vegetation Index), water (Normalised Difference Water Index) or ground 
(Grain Size Index). See Chapter 7 for more details. 

‘Remote sensing’ is the acquisition of information about a subject without physical contact, 
commonly using satellite or airborne instruments to detect (passive) or emit-and-measure 
(active) ground spectral responses. Data can form a time sequence. See Chapter 7. 
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‘Ribbon Plot’ refers to a linearised simplification of a region of interest, using time as one of the 
coordinates (as a variation of a Hövmoller diagram). Data are extracted along a line, or ‘thal’, 
from each of a set of remote-sensed images and summarised into one Ribbon Plot column per 
image. See Chapters 7, 8 and 9. There are two main types used in this thesis: 
 Standard Ribbon Plots use spectral index or other values that indicate the status of each 

pixel along the thal. 
 Statistical Ribbon Plots use Before-After or other manipulation of averages that aid in 

the detection of change when the underlying data is highly variable. 

‘Spectral Band’ is a defined part of the electromagnetic spectrum that a sensor has been 
designed to acquire. Multispectral sensors are designed to acquire up to about 15 relatively wide 
spectral bands, whilst hyperspectral sensors are designed to acquire hundreds of contiguous 
narrow spectral bands. This thesis uses multispectral data acquired by Landsat and MODIS. 

‘Thal’ refers to a linear region of interest, in other words, a line of pixels used for data extraction 
from remote sensed images. A thal may be a channel’s thalweg, or some other linear 
characteristic, such as a transect. 

‘Timeseries’ is a sequence of data points taken at successive equally spaced points in time. 

‘Total Vegetation Cover’ is the TERN AusCover product for Vegetation Fractional Cover. 

‘Vegetation Fractional Cover’ is a visualisation of the proportions of Photosynthetic Vegetation 
(‘PV’) vs Non-Photosynthetic Vegetation (‘NPV’) vs Bare Soil (‘BS’) in remote-sensed imagery. 

 

Social Hydrology 

‘Grey Nomad’ is an Australian colloquialism for a retired person who travels independently for 
extended times around Australia, generally in a caravan or motorhome, often four-wheel drive. 
The Grey Nomad Trail is a nickname for the routes and places frequented by Grey Nomads. 

‘Local knowledge’ is knowledge developed by people in a community. It is held by individuals or 
communities, and is based on experience, tested over time, adapted to the local environment, 
part of cultural and institutional practice. It encompasses traditional and indigenous knowledge. 
And, importantly, it is dynamic, changing with circumstance and new experiences (FAO 2004). 

‘Socio-hydrology’ is a multi-disciplinary study of the relationship between water and people, and 
includes historical research on the interactions between human cultures and water, and analysis 
of how the human and water systems evolve over time (Wikipedia 2019). 
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Indigenous Environmental Knowledge 

‘Aboriginal’ refers to the peoples that identify as Indigenous to Australia. 

‘Cleverman’ has been described as a someone who has been through specific rituals and training 
to be admitted to a ‘special body of esoteric magic and psychic lore’ (pg 11)(Elkin 1994).. A 
cleverman has learned to observe their community and environment, predict weather from 
signals in nature, recognise illness and when to prepare a patient for death, interpret events and 
dreams, communicate through telepathy, and maintain relations with the spirits of the dead and 
Creator Spirits. 

‘Country’ refers to the lands over which a specific group possesses traditional ownership and 
exercises traditional custodianship. In the words of the Arrente of the Alice Springs region 
(AboriginalArtAssociationofAustralia 2020): ‘For Aboriginal people, "country" does not just 
mean the creeks, rock outcrops, hills and waterholes. "Country” includes all living things. It 
incorporates people, plants and animals. It embraces the seasons, stories and creation spirits. 
"Country" is both a place of belonging and a way of believing.’ 

‘Creator spirit’ or ‘Ancestor spirit’ refers to Ancestral Creator spirits who took the formless world 
at the very beginning and made everything, including rivers, waterholes, rocks, flora and fauna. 
They gave each mob its own lands, totems, language, and Dreaming. They passed on knowledge 
about sacred sites, ceremonies, and songs, intended to please the Ancestral spirits and maintain 
the ongoing Creation. They also defined laws, relationship rules, taboos and rituals for proper 
living and peaceful travel to spirit-place after death (Tunbridge and Stoecker 1988, Mathews 
1994, AboriginalArtAssociationofAustralia 2020). Creator spirits could: 
 take on the bodies of animals or people to carry out a Story (Marnpi Chapter 9); 
 change into a force of nature (lightning, thunder etc); 
 continue to live in rocks, trees or waterholes, invisible to mortals but still active; or 
 go up into the sky and become heavenly bodies, continuing to watch over the lands. 

‘Dreamtime’ or ‘Dreaming’ is a term used in English for the main Indigenous spiritual belief 
system. The Dreamtime/Dreaming is a continuity from the past through the present to the 
future. Ceasing to sing the land and perform the ceremonies is associated with the departure or 
death of Creator spirits and consequent environmental decline (Tunbridge 2008, Barber and 
Jackson 2010, Day 2014). 

‘Elders’ are leaders within an Indigenous group’s governance structure who control its cultural 
knowledge development and transmittal, and who are often nominated by their ‘Council of 
Elders’ to act as spokespersons to outsiders. Becoming an Elder is not purely a function of age 
but also of knowledge, experience and expertise, and the status can be lost (Asmar 2012). 

‘Indigenous’ refers to the peoples residing in Australia before European colonisation in the 1800s 
and their cultures, including their contemporary expressions. The thesis uses the convention of 
the capitalised word ‘Indigenous’ to refer to the Aboriginal peoples of Australia, and lower-case 
‘indigenous’ to refer to things endemic to a particular part of the world. 
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‘Indigenous Environmental/Ecological Knowledge’, or IEK, is the knowledge that is encapsulated 
within the cultural beliefs and practices of an Indigenous group about the environment and 
ecology of an area. See Chapters 4, 5 and 9. 

‘Knowledge Holders’ are persons who know, use, maintain and teach particular cultural 
knowledge at appropriate ceremonial or educational times; see Chapters 4 and 5. 

‘Knowledge Management System’ refers to a particular system of knowledge management (see 
below); for example, the Victorian Essential Learning Standards and Curriculum is a knowledge 
management system. 

‘Mob’ is a commonly used term to refer to a tribe, family, nation or community. 

‘Settlement’ in this thesis refers specifically to the 19th Century British colonisation of Australia 
and Tasmania, leading to today’s society, laws and borders. 

‘Settlers’ in this thesis are non-Indigenous persons (including Europeans, Asians and Oceanians) 
who claimed lands for permanent residency as part of the ‘Settlement’ process, and their 
descendants. I am a Settler. 

‘Stories’ such as Wangkumara-Punthamara mura (‘travelling story’) and Adnyamathanha yarta 
(‘telling of the land’) attach to Country and the pathways through it (Tunbridge and Stoecker 
1988, Hercus and Beckett 2009). Their repetition and transmission form part of the custodial 
duties to keep the lands in good ecological and cultural condition. Some Stories can only be 
shared with culturally appropriate or initiated persons whilst others are freely share-able. It is 
only the latter type of Story that has been considered here. Knowledge management and ethics, 
particularly relating to intellectual property, and the relationship of Stories to Country will be 
discussed in Chapters 4 and 5. The thesis uses the convention of the capitalised word ‘Story’ to 
refer to Indigenous traditional Stories, and lower-case ‘story’ to refer to other stories such as 
historical references, community information, and technical interpretations. 

‘Systems of Knowledge Management’ are the rules, quality checks, and conventions for creating, 
passing on, and controlling knowledge in a community (for example, school education). See 
Chapter 4. 

‘Traditional Owners and Custodians’ are the people with ownership rights and management 
responsibilities, and cultural and physical maintenance duties respectively, to an area under 
Indigenous custom and law (Morrisey 2013). In this thesis, Traditional Owners are those whose 
familial position gives them rights and responsibilities for lands and waters, Traditional 
Custodians are those tasked with the actual cultural and physical duties. They are not necessarily 
the same people. Some groups prefer not to use ‘Traditional Owner’ with its implication of legal 
land title. 
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ACRONYMS AND ABBREVIATIONS 

AMSL  Above mean sea level 
ENSO El Niño–Southern Oscillation 
HS Homestead 
IEK Indigenous Environmental or Ecological Knowledge 
Long Paddock  SILO site, hosted by DSITI/DES (Queensland Government) 
SILO Scientific Information for Land Owners climate database 1889-present 
WH Waterhole 

ORGANISATIONS: 
AIATSIS Australian Institute of Aboriginal and Torres Strait Islander Studies 
BOM Bureau of Meteorology (Australia) 
CSIRO Commonwealth Scientific and Industrial Research Organisation (Australia) 
DES Department of Environment and Science (Queensland Government) 
DEWNR Department of Environment, Water and Natural Resources (South Australian Government) 
DNRM Department of Natural Resources and Mines (Queensland Government) 
DSITI Department of Science, Information Technology and Innovation (Queensland Government) 
EROS Earth Resources Observation and Science Center (USA) 
GA Geoscience Australia 
GEOGLAM RAPP Group on Earth Observations Global Agricultural Monitoring - Rangeland and 

Pastureland Productivity (includes AusCover TVC) open internet community 
LP DAAC NASA Land Processed Distributed Active Archive Center (USA) 
NOAA National Oceanic and Atmospheric Administration (USA) 
UOM University of Melbourne 
USGS United States Geological Survey (USA) 

TECHNOLOGIES: 
ArcGIS GIS mapping software mapping, maintained by ESRI (Environmental Systems Research 

Institute, USA); ‘Arc’ in name originated in 1980s introduction of geometry processing (arcs) 
AVHRR Advanced Very-High-Resolution Radiometer (NOA, USA & European MetOp satellites) 
CNES Centre National d'Etudes Spatiales (‘National Centre for Space Studies’, France) 
DEM  Digital Elevation Model 
EOS Earth Observing System (NASA, USA, includes Landsat, Aqua and Terra satellites) 
ETM+ Enhanced Thematic Mapper Plus (Landsat 7, NASA, USA) 
GIS Geographic Information System 
GMTED2010 Global Multi-resolution Terrain Elevation Data (USGS) 
GPS Global Positioning System 
MODIS Moderate Resolution Imaging Spectroradiometer (Terra (EOS AM) & Aqua (EOS PM) satellites) 
NIR Near Infrared 
OLI Operational Land Imager (Landsat 8, NASA, USA) 
SAR Synthetic Aperture Radar 
SPOT Satellite Pour l’Observation de la Terre (‘Satellite for observation of Earth’, France) 
SRTM Space Shuttle Radar Topography Mission, producing 90m (2000) and 30m (2015) world DEMs 
SWIR Short-wave Infrared (also Mid-Wave Infrared MWIR and Long-Wave Infrared LWIR, not used) 
TERN Terrestrial Ecosystem Research Network; its Geospatial Catalogue links to GEOGLAM RAPP 
TM Thematic Mapper (Landsat 5, NASA, USA) 
UAV Unmanned Aerial Vehicle 
WOfS Water Observations from Space (GA and BOM, Australia)  
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TOOLS: 
ESO Extended Stream Order (Strahler) 
ESM Extended Shreve Magnitude 
ETD Extended Topological Dimension 
GSI Grain Size Index 
LROI Linear Region of Interest 
LU  Landscape Unit 
NDVI Normalized Difference Vegetation Index 
NDWI Normalized Difference Water Index 
NVIRI Combination of NDVI and NIR, see Section 7.3 
PDF Probability Distribution Function 
PIE Permanent-Intermittent-Ephemeral waterhole classification 
TVC Total Vegetation Cover  - proportions of Photosynthetic Vegetation (PV) vs Non-

Photosynthetic Vegetation (NPV) vs Bare Soil (BS) in a pixel or area 
WBV Water-Bare-Vegetated pixel classification 
 
EXPEDITIONS: 
CAE Central Australian Expedition 1845 
EACRV Expedition to Ascertain the Course of the River Victoria 1847 
EISDrL Expedition in Search of Dr Leichhardt 1858 
SABRE South Australian Burke Relief Expedition 1861 
VCP Victorian Contingent Party 1861 
VEE Victorian Exploring Expedition 1860 
VEP Victorian Exploring Party 1862 
 

LOCATIONS: 
KaRirra (Wangkumara) Wilson River 
Nguku (Wangkumara) Cooper Creek 
Kinipapa (Yandruwandha) Cooper Creek 
Qld Queensland 
NSW New South Wales 
SA South Australia 
WA Western Australia 
NT Northern Territory 
GOON Goonababbina Waterhole 
MERI Meringhina Waterhole 
NACC Naccowlah Waterhole 
NARY Naryilco 
NM Nappa Merrie, and Waterhole 
NOCC Noccundra, and Waterhole 
NOCK Nockatunga Waterhole 
ORI Orientos 
PADI Padi Padi Waterhole 
TOOK Tookabarnoo Waterhole 
WOOM Woomanooka(Durham Downs) 
YOT Yotally Waterhole
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CHAPTER 1 – INTRODUCTION AND RESEARCH APPROACH 

This Chapter is an overview of my (multi-disciplinary) research and its scope. 
I introduce my Case Study Area, list my information sources across a range of 
disciplines, and flag the research issues that I will be addressing. I summarise 
the thesis structure, and for each Chapter I define its contents and place 
within the overall thesis story. 
 

 
1.1. Stories of Dryland Rivers and the Importance of the Lived Experience 

The Kati Thanda-Lake Eyre Basin’s Nguku/KaRirra-Cooper Creek/Wilson River Confluence is an 
intriguing dark bulge at a near-90° bend to the west, clearly identifiable on weather satellite 
images. It is a 7500 square kilometre grassy floodplain of dark sediments, with multiple overlaid 
systems of tree-lined channels ranging from metres to tens of metres across, and centimetres 
to tens of metres deep, and with scattered sand dunes and waterholes. The physical and flow 
characteristics are hard to measure at best, and the region is inaccessible from ground level 
during wet periods. 

How do we tell the story of the way water travels into and across this complicated landscape? 

It is difficult to write the scientific story of a multiple channel intermittent river system such as 
the Confluence. Such systems are frequent feature of dryland catchments (Nanson 1996). Their 
complex flow distribution patterns are affected by climate, ecological and developmental 
stresses, and it can be challenging to maintain their ecosystem health and productivity (Tooth 
2009). Yet monitoring is hard due to practical limitations in access, sampling, study duration, 
and extent of area under investigation (Tooth 2000, Ouma and Tateishi 2006), and the difficulty 
in remotely identifying the presence of water (Muir and Danaher 2008, Stewardson 2009). 

Sources of scientific information about the Confluence include maps and surveys, weather and 
river data, environmental studies, and commercial publications. Meteorological and river data 
are constrained by the locations and operational availability of observation stations. Satellite 
data are constrained by the coverage areas of satellites and sensors, and their duration, spatial, 
temporal and spectral availabilities. (see Chapters 2 and 7). 

The scientific story of a landscape can be significantly enriched by including stories of the human 
lived experience. Socio-hydrology, the study of the relationships between human cultures and 
water, can inform the interpretation of technical data as it reveals how humans access, use, 
store, and maintain water, both historically and in the present (WikipediaContributors 2019). 
Cultural stories, including journals, diaries, interviews, news articles, and historical summaries, 
often pre-date satellite or instrumented data, and can indicate long-term trends at locations of 
significance to the communities that use them (Silcock 2010, Lee 2013). In Australia, a deeper 
history is present in Indigenous Stories (capitalised in this thesis for differentiation) (Macfarlane 
2005, Gibbs 2009b). 

Sources of socio-hydrological information about the Confluence include archaeological and 
historical information and anecdotal experiences of current residents, including Indigenous 
Traditional Owners and Custodians (Piddocke 2009, Silcock 2014). There have been long-
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standing calls for Indigenous Traditional Owner and Custodian involvement in water 
management in Australia (Monroe 1998, Jackson 2005, Hoverman and Ayre 2012, 
NationalWaterCommission 2012) amongst others). This has been amplified in the wake of recent 
ecological crises such as the Darling River fish-kills and dryout (Allam and Earl 2019, Lewins, 
Moggridge et al. 2019). But there are challenges in ethically accessing Indigenous information. 

The scientific and socio-hydrological sources span a huge range of durations. In Australia, 
Indigenous Environmental Knowledge (IEK) may encapsulate thousands of years of changes to 
Country whereas Settler experience is restricted at best to the past 200-250 years. For the 
Confluence, the earliest explorer and settler journals only reach back to the 1830s (see 
Appendices 2 and 3). River, weather and satellite data are restricted to the past 100-120 years 
and 40-50 years respectively. Integrating information across these different time periods is 
another challenge. 

This thesis tells a quantified cultural story of long-term water behaviour on the Nguku/KaRirra-
Cooper Creek/Wilson River Confluence of the Kati Thanda (Lake Eyre) Basin. It addresses the 
ethical and technical challenges of studying remote multiple-channel intermittent river systems, 
and examines a selection of cultural stories using quantifiable remote-sensing tools and cultural 
(particularly Indigenous) inputs. 

 

1.2. Motivations and Research Approach 

The thesis structure can be divided into three broad parts: socio-hydrology and the Indigenous 
perspective; remote sensing and landscape systemization; and application to specific case 
studies. 

In the first part, motivated by a desire to improve inclusion of community and Indigenous 
knowledge when analysing scientific data, the thesis aims to incorporate a wide range of human 
experience in its interpretation of a complicated, and highly variable, multiple channel 
intermittent river landscape. It starts with my personal (engineer’s) journey to consider ethical 
and moral issues when accessing the experiences of diverse human communities. This is 
followed by an examination of community and Indigenous knowledge about the Confluence, 
particularly the behaviour of water. 

Motivated by a need to improve on existing ad-hoc comparison methods, the second part of the 
thesis develops quantitative tools for systematization of a complicated landscape, and of a 
drainage network that includes divergence. The thesis demonstrates three levels of 
systematization: at pixel level (spectral indication of moisture); at feature level (waterhole 
persistence); and at landscape level (channels/ transects/drainage networks). 

The third part of the thesis tells the story of change at the Confluence over multiple-decade time 
spans, particularly as a result of human activities. The driving motivation is to extend 
hydrological knowledge beyond the technical dataset by augmenting it with community and 
Indigenous inputs. Specifically, this thesis interrogates whether current subjective opinions of 
Confluence river system change by pastoralists and Indigenous groups can be confirmed using 
more objective quantitative assessments. 
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Table 1.1 summarises the thesis objectives and motivations, and Research Questions. This table 
will be revisited in Chapter 10 to show how the Objectives were achieved and how the Research 
Questions were answered. 

Table 1.1 Thesis Objectives, Research Questions, and Location within Thesis Structure. 

Objectives and Motivations Tools Required and Research Question 

Objective: Develop tools to quantify a complicated 
landscape under a range of climate and river 
conditions, particularly low-medium flows. 

Motivation: Enable quantified interpretation of 
management information and data. 

The following tools were developed: 
 Ethical Access to IEK (Chapter 4) 
 Geomorphological tools (Chapter 6) 
 Remote sensing tools (Chapter 7) 
 Visualisation tools (Chapter 8) 

Objective: Quantify a complicated landscape under a 
range of climate and river conditions, particularly 
low-medium flows. 

Motivation: Improve management information and 
data interpretation to enable better 
environmental decision-making for these 
landscapes. 

 
 Quantification of a complicated landscape’s 

characteristics under range of flow conditions. 
o Geomorphology 
o Remote sensing 
 
 Quantifiable detection of changes to patterns of 

water persistence over an extended time period. 
o Construction of roads and other barriers 
o Replacement of Indigenous land use with 

pastoralism 
 

 
 Are current human impacts (especially 

mining infrastructure, impact of 
grazing, construction of roads) having 
quantifiable effects on distribution 
patterns? (Chapter 8) 

 
 
 Is the current water landscape 

congruent with historical and modern 
Indigenous environmental knowledge 
of water? (Chapter 9) 

Objective: Incorporate all available human 
experiences including Indigenous Environmental 
Knowledge (IEK). 

Motivation: Improve recognition and inclusion of 
Indigenous communities in engineering or 
environmental management contexts. 

 
 Inclusion of social hydrology/human experience 
o Explorers and early settlers (via journals) 
o Current pastoralists and other residents 
 
 Inclusion of Indigenous Environmental 

Knowledge 
o Archaeology, anthropology and linguistics 
o Current Traditional Owners and Custodians 

 
 Is Community knowledge of local 

floodplain hydrology consistent with 
observed 1986-2017 flow behaviours? 
(Chapter 8). 

 
 
 Is Indigenous Knowledge of local 

floodplain hydrology consistent with 
observed 1986-2017 flow behaviours? 
(Chapter 9). 
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The story told by this thesis, via the social hydrology and remote sensing tools, adds to 
management knowledge of the Confluence. But more broadly, the principles and methods can 
be applied to any multiple-channel, intermittent, or dryland system, allowing for more informed 
and inclusive environmental management. Chapter 3 will elaborate further. 

 

1.3. Sources of Information 

Many challenges arise when describing a complicated water landscape with a long history of 
human presence, but identifying responses to recent human interventions requires a good 
knowledge of the prior condition and variability. Many of the places under pressure are remote 
and large with complex dynamic features. Remote sensing methods provide invaluable objective 
quantified data for such systems. However, these data need to be appropriately interpreted in 
terms of the specific region’s response to climate or other drivers, and there are many 
quantitative and qualitative sources for this background knowledge. 

For the Confluence the potential range of information – quantitative and qualitative - on how a 
landscape responds to water includes: 

 archaeological studies of Indigenous (pre-European) populations, technologies, and 
infrastructure; 

 historical journals and map archives; 
 archival and contemporary climate, satellite, and river data; 
 academic studies of ecology, geomorphology, hydrology, and geology; 
 commercial publications by mining and pastoral companies; and 
 experiences of long-term residents, including Indigenous. 

The last source, experiences of long-term residents, splits into two significant subsets: 
Indigenous and Settlers (as defined in the Glossary). Interviews with Settlers (that is, current 
pastoralists, townsfolk, mining and extractive industries personnel, Shire council officers, and 
local community groups post-European Settlement) are relatively straightforward. However, an 
oft-overlooked source of long-term hydrological information is Indigenous Environmental 
Knowledge (IEK) held by Traditional Owners and Custodians. There are major ethical and 
methodological challenges for academic researchers in accessing IEK due to fundamentally 
different systems of knowledge management; Chapter 4 will explore these challenges. 

Early Settler agricultural practices were rooted in temperate Europe, and their expectations of 
water were quite different to the Indigenous expectations based on deep affinity with Country 
(Gibbs 2009a). This resulted in landscape changes as old maintenance practices were 
discontinued and new, more exploitative, methods were introduced (Gammage 2011, Pascoe 
2014). Europeans saw a harsh country that killed explorers, with droughts and floods that 
destroyed farmers’ livelihoods. Indigenous communities saw a rich country that could support 
thousands of people, as long as they nurtured water and food resources in accordance with 
cultural protocols (Tully 2012). This perspective difference is addressed in Chapters 4, 5, and 9. 

For a detailed description of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence case 
study area and maps, and historical and Indigenous background, see Chapter 2 and Appendices 
A2 and A3.  
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1.4. Complexities of Dryland Rivers 

Multiple channel intermittent river systems such as the Confluence are a frequent feature of 
dryland catchments, which comprise over 50% of the land surface on Earth (Hamilton, Bunn et 
al. 2005, Shanafield, Godsey et al. 2020). These systems may come under ecological stresses, 
including climate change, causing changes in flow regime, and invasive species affecting 
indigenous species and overall biodiversity (Sheldon 2000, Capon and Brock 2006). 
Developmental stresses include increased agricultural land use requiring additional water, 
diversion of resources to support large-scale tourism, and potential reshaping and pollution that 
can occur through mining and industrial activities (Silcock 2014). 

Management of dryland river systems should recognise the natural flow distributions that 
maintain ecosystem health and productivity (Hamilton, Bunn et al. 2005, Larned, Datry et al. 
2010). This is particularly difficult for heavily anastomosed and intermittent rivers, which are 
ecologically important but exhibit extreme “natural” variability and problematic access during 
wet phases, and as a result possess poorly tracked ecologies (Hamilton, Bunn et al. 2005, Bunn 
2006). 

As a consequence of their complexity, an understanding of multiple channel intermittent river 
systems requires a broad range of input information to cover the various interrelated subjects. 
The scientific story is limited by the available sampling compared to the size of the region under 
investigation, its ecosystem diversity, and the environmental response times. Chapter 3 will 
expand further on the geomorphological, hydrological and remote-sensing challenges. 

For multiple-channel rivers, definitions of “flood” or “overbank”, or even “partial flooding” are 
not straightforward, as individual channels or sections of channel may inundate at different 
times and speeds, and for different durations, and larger flows may even turn the whole 
floodplain into, in effect, one large shallow channel. Chapter 2 considers this issue further. This 
thesis will refer to “flows”, and Chapter 8 will address multiple-channel flow tracking. 

An additional challenge for Australia’s inland rivers, including those of the Kati Thanda-Lake Eyre 
Basin, is the great variability of weather. Boom-and-bust cycles of drought and flood combined 
with a paucity of reliable records makes quantification hard. Chapter 2 investigates flow regimes 
and weather/climate patterns further. 

Regions like the Confluence are difficult enough to access during dry weather, with dangerously 
deep cracks on access tracks, no water for camps, and extreme heat day and even at night for 
much of the year. But access becomes impossible during wet periods when tracks turn into 
impassably deep mud. (See Appendix A5). Satellite remote sensing provides a practical solution 
but still presents challenges in spectrally and spatially differentiating ground conditions, and in 
the limited archival record. Remote sensing challenges and choices are discussed further in 
Chapters 3 and 7.  
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1.5. Structure of Thesis 

In this thesis, I use technical and social information (including Indigenous) to investigate 
Research Questions about movement of water in an extensive flat clay/silt/sand study area of 
predominantly grasslands with large woody vegetation lining multitudinous intermittent 
channels. 

As a result of existing tools being insufficient to answer my Research Questions, a large part of 
my research is methodological. New objective tools are needed to monitor what is happening 
and when, why and how the effects are occurring, and who or what is causing any change 
(positive or negative), to better target protective, conservation, and restorative efforts. I 
develop tools to identify the presence of water and/or soil moisture over multi-decade 
timeframes in this landscape. The human lived experience of the Case Study Area is accessed 
using Fejo-King’s non-linear methodology of repeatedly “casting a net wide” to select 
information for more detailed investigation and integration with the technical results (Fejo-King 
2013). 

Figure 1-1 shows how the anastomosed structure of the Confluence is reflected in the similarly-
anastomosed structure of this thesis, with its multiple input channels of knowledge, the points 
where these knowledge streams come together, and the eventual integration of new tools and 
methods that had to be developed to answer the Research Questions. Each Chapter will start 
with a graphic that shows its position within this structure, and a brief summary. 

 

Figure 1-1 Schematic Representation of Thesis Structure by Chapter.   

Information flows from multiple sources: 
Remote Sensing, Earth Sciences, Social 
Hydrology and Local Knowledge, and Indigenous 
Knowledge (Ch 2, 3, 4 and 5). 

Six tools are developed (Ch 4, 6, 7 and 8). 

Their combined application leads to the 
capstone “Marnpi” Case Study (Ch 9), results 
(Ch 10), and ideas for further work (Ch 11). 
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Chapter 1 Introduction and Research Approach introduces the intriguing Nguku/KaRirra-
Cooper Creek/Wilson River Confluence, and associated technical data and socio-hydrology. 

Chapter 2 Overview of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence reviews the 
dryland anastomosed intermittent Confluence’s geomorphology, hydrology and ecology, and its 
human history, including key pressures and current methods for monitoring and remote sensing. 

Chapter 3 Research Challenges and Questions describes the framework for the landscape under 
study, and the general and site-specific knowledge gaps and technical and social challenges 
involved. I define my Research Questions and propose new tools to answer them. 

Chapter 4 Indigenous Environmental Knowledge and Landscape Interpretation examines how 
different perspectives can reveal different linkages for a landscape. I present the Worldview 
Methodology to identify commonalities and differences between knowledge systems that 
underpin those perspectives, and discuss associated ethical and intellectual property issues. 

Chapter 5 Water Stories of the Nguku/KaRirra Confluence is a comparison of Indigenous and 
Settler lived experiences of the Confluence, regarding access, use, and maintenance of water. 

Chapter 6 Anastomosis Descriptive Tools Using Concepts From Geomorphology and Hydrology 
defines tools for describing the structure of a heavily anastomosed landscape using physically 
meaningful components: Landscape Units (LU); and Extended Stream Ordering systems 
(ESO/ESM/ETD). These are applied to the Confluence to determine whether certain types of 
features appear at certain ESO/ESM/ETD levels within the drainage network. 

Chapter 7 Characterization of Water, Vegetation, and Waterholes on an Anastomosed 
Floodplain covers a Landsat-based three-way ground condition classification (Water-Bare-
Vegetation WBV) and a quantitative waterhole persistence method (Permanent-Intermittent-
Ephemeral PIE). These are used to quantitatively assess water distribution and persistence on 
the Confluence at pixel and feature scale. 

Chapter 8 Visualisation of Flow Behaviours of Anastomosed Channel Systems brings together 
tools from Chapters 6 and 7 to create the Ribbon Plot visualisation tool. Ribbon Plots are used 
to analyse channel/transect water behaviours, answering two of my Research Questions. 

Chapter 9 The Water Story of Marnpi the Bronzewing Pigeon. This Capstone Chapter focusses 
on the Wangkumara-Punthamara Story of Marnpi the Bronzewing Pigeon and his journeys along 
the KaRirra (Wilson River). It applies the methods of the preceding Chapters to investigate long-
term changes in flow distribution patterns, and answers the remaining two Research Questions, 
demonstrating how IEK and scientific knowledge can reinforce each other when studying 
dryland anastomosed intermittent river systems. 

Chapter 10 Discussion of Challenges and Contributions to Knowledge and Chapter 11 
Conclusion and Further Work summarise how this thesis has addressed the Research Questions, 
state the contributions to remote sensing, hydrology and indigenous studies, and list possible 
applications and extensions of the tools and concepts. 

This completes the Chapter 1 thesis overview. Chapter 2 will now describe the study area and 
the challenges it presents to existing tools and methods. 
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CHAPTER 2 – OVERVIEW OF THE NGUKU/KaRIRRA-COOPER CREEK/ 
WILSON RIVER CONFLUENCE 

This Chapter opens with a review of current knowledge about multiple-channel 
intermittent systems, a description of the Confluence, the characteristics of each 
river, and a summary of human occupation. It closes by identifying some 
knowledge gaps and opportunities. 
 

 
2.1 Methods, Materials and Study Area 

The rivers of the Kati Thanda-Lake Eyre Basin in central Australia are examples of dryland rivers 
with both anastomosing and temporary river characteristics (Fagan and Nanson 2004, McMahon 
2008a, McMahon 2008b). The Confluence of two of these rivers, Nguku-Cooper Creek and 
KaRirra-Wilson River, forms the basis for this thesis. The combination of the three characteristics 
– dryland, temporary, and anastomosing – results in landscapes that present challenges in telling 
the scientific story for monitoring and management. 

Dryland rivers are a particularly capricious water resource, dependent on remote and/or 
episodic rainfall and sensitive to temperature and vegetation variation. In dryland (or semi-arid) 
regions, these rivers and their associated waterholes may be the only water source available to 
diverse human and ecological communities during dry spells (Bunn 2006, Mesev 2007). 
Ecological studies have demonstrated how biological diversity, endemism, and population are 
dependent on flow variability and persistence (Fisher 1982, Puckridge 2000, Bunn 2006, Porter 
2007, Fensham, Silcock et al. 2011, Greet, Webb et al. 2011). Yet dryland rivers are often sparsely 
monitored and their hydrology is poorly understood. 

Temporary (also called ephemeral or intermittent) rivers are those which experience periods of 
no flow. They are widely distributed across a range of climate zones (Larned, Datry et al. 2010); 
the Onyx River in Antarctica (McKnight, Niyogi et al. 1999), Ireland’s turloughs (Skeffington, 
Moran et al. 2006), and many of Australia’s inland rivers are of this type. Reasons for 
intermittency can include variability of source (seasonal or localised precipitation) and climate 
(evapotranspiration of limited storages) (Larned, Datry et al. 2010). 

Anastomosing rivers have been defined as “Cohesive sediment anabranching rivers…of relatively 
uniform and narrow width, with low gradients and stable cohesive banks…often, but not always, 
sinuous, exhibit almost no lateral migration and relocate by avulsion. Stream power is 
characteristically very low… and channels are frequently canal-like in cross-section”. (pg 
219)(Nanson 1996); “Anastomosing channels form a fine-grained subset of the larger category 
of anabranching rivers” (pg 82)(Tooth 2000). Alternatively, “an anastomosing river is composed 
of two or more interconnected channels that enclose floodbasins. This definition explicitly 
excludes…channel splitting by convex-up bar-like forms that characterize braided channels”(pg 
149)(Makaske 2001). The key characteristic is a stable interconnected multiple-channel nature. 

Anastomosing systems occur across a range of climates; for example, Botswana’s hot humid 
Okavango Delta, the snowmelt-dominated Red Creek in Wyoming USA, and Australia’s semi-arid 
Diamantina River (Nanson 1996, Makaske 2001). However, much remains to be understood 
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about these complicated systems. Flowpath inundation sequences have not been described at 
the “whole-of-floodplain” scale or across a range of flows (Fagan and Nanson 2004). Interactions 
between hydrological, geomorphic, and ecological dynamics are poorly known at this scale 
(Corenblit, Baas et al. 2011). Detailed plant community sampling has previously been restricted. 
For instance, Capon was limited by geography (some floodplain features were not sampled) and 
time (inundation frequency was estimated from one decade’s flows) (Capon 2004, Capon and 
Brock 2006). Calculations for flow event descriptors, such as water budgets, are hampered by a 
lack of knowledge about evapotranspiration, inflow and outflow discharge, seepage, and surface 
and subsurface storage (Bullard 2007). Even basic tools for observing, describing and modelling 
the hydrology of anastomosed floodplains are lacking (Tooth 2009). 

The effects of flow regime change can be identified at a range of scales. The effects arise from 
interactions between a river’s geomorphic, ecological, and hydrological characteristics (Allan 
2004). For instance, human alteration of the flow regime (through extraction or storage for out-
of-season release) reduces flow peaks and increases baseflow, with significant ecological 
consequences (Greet, Webb et al. 2011). The relatively larger magnitude of flow alterations to 
small-to-medium flows can magnify the effect during the periods between major floods 
(McMahon and Finlayson 2003, Bunn 2006). Climate change adjusts both precipitation and 
evapotranspiration rates, and lead to a change of discharge and persistence (Nanson, Price et 
al. 2008). 

Scientific stories of dryland river system are based on objective, repeatable, and quantifiable 
observations, but are nevertheless stories. They are often limited by sampling, study duration 
and size of features. The number of sampled time points may be restricted (for example, 
Makkeasorn uses two dates in their Texan watershed study (Makkeasorn, Chang et al. 2008), 
Wray uses one date to investigate paleochannels on the Namoi River in northern New South 
Wales (Wray 2009)). The duration of a study may not cater to environmental response times, 
for instance Capon’s study of vegetation response to flooding excluded trees due to their 
relatively long growth cycle, even though trees were significant flora in the region (Capon 2004). 
And the size of features of interest may be much smaller than the available remote sensing 
resolution; MODIS studies with 250-500m pixels cannot resolve changes at the tens-of-metres 
level (Stewardson 2009). 

Geomorphology (the study of landforms) is concerned with drainage networks and channel 
formation and evolution. But there are difficulties when dealing with a multitude of channels 
and overlapping high-flow and low-flow networks, and no accepted equivalent to Strahler 
Stream Order or Shreve Stream Magnitude to quantify anastomosed channel topography 
(Knighton 1998, Marren 2010). 

Hydrology addresses how inflow from distant rain upstream can bring a pulse of floodwater 
carrying debris and waterborne loads that can scour or deposit sediments as it passes, with 
discharge controlling whether the flow will spill over-bank or remain constrained in-channel 
(Knighton 1998, Ladson 2008). For multiple-channel rivers, it is difficult to define “flood” or 
“over-bank” as individual channels may be overflowing at different times. A reach may exhibit 
“partial flooding” but does that mean that parts of an individual channel have spilled or that a 
proportion of all the channels in that reach have spilled? Larger flows may turn the whole 
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floodplain into one large shallow channel (or perhaps one wide overland flow path or sheet 
flow?) which will behave differently to a smaller flow or partial inundation. Thus hydrological 
challenges for multiple-channel intermittent rivers range from defining terminology to dealing 
with highly variable discharges across all or part of their channel systems. Modelling such 
systems is also difficult as each channel may possess different hydrological characteristics, 
antecedent conditions, and flood routing behaviour and timing. 

An additional challenge for rivers such as those in inland Australia is the great variability of 
weather, especially in light of recent measurable climate changes (Freund, Henley et al. 2017). 
Although there is a long-standing awareness of boom-and-bust cycles where severe droughts 
alternate with large floods (McMahon, Murphy et al. 2005), quantifying long-term cycles or 
trends is difficult in the absence of long-term continuous records (Baker 2015). 

Dryland river catchments, including those in the Kati Thanda-Lake Eyre Basin, can be difficult to 
access during dry weather due to a lack of water for camping, and extreme daytime 
temperatures and frequent fires for much of the year. But it is during the hydrologically 
interesting wet periods where difficulties can turn into impossibilities. Silty or clay floodplains 
crack during dry periods, opening deep voids on waterhole access tracks that could easily 
swallow a vehicle tyre. But when wet, deep saturated muds can close tracks for weeks. Aerial 
observation is limited by aircraft range and costs, and fuel and aerodrome availability (as landing 
areas are often closed along with the access tracks). Commercial unmanned aerial vehicles 
(UAVs) are either expensive or do not have sufficient range if vehicular access to a nearby launch 
base is impossible. Appendix A4 Section A4-5 illustrates some of the difficulties. 

Satellite remote sensing provides a practical solution but still presents challenges. Choice of 
satellite and sensor platform must be matched with the spatial and temporal characteristics to 
be studied, and the spectral bands must support the aims of the research. For example, the 
Confluence surface reflectance can be a muddle of spectral responses, so a larger range of bands 
can increase the available range of classification indices for separating ground states. The 
Confluence’s flat landscape and narrow and shallow channels will need digital elevation models 
with sufficient spatial and topographic resolution, and the larger the pixels, the more mixed the 
ground states they will contain. Chapters 3 and 7 explore and address these issues further. 

These factors compound the difficulties in studying the flow patterns for anastomosing 
(multiple-channel) intermittent river systems. There are also many methods challenges in 
remote sensing for regional-scale floodplains, and interpretation of ecosystem responses to 
water that will be explored further in Chapter 3. 

In 2011, Nguku-Cooper Creek was declared a “wild river” and its catchment was protected by 
legislation which aimed for a sustainable management framework for overland water, and 
protected significant surface water features, including many of the waterholes in this study. 
Protections were considerably reduced after a change of government in 2013. The Confluence 
surface waters and their movement patterns are currently unmonitored making regulatory 
oversight difficult, with flow-on effects on the protection of the downstream Ramsar-protected 
wetlands at Coongie Lakes (McMahon 2008b). This underscores the real-world relevance of 
research into patterns of flow distribution.   
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As this thesis is necessarily site-specific, the remainder of this Chapter describes the 
Nguku/KaRirra-Cooper Creek/Wilson River catchments, the Confluence, and the current human 
influences and impacts on the Case Study Area, including current methods for accessing the 
scientific and social aspects. The next three Sections discuss the variability of the rivers, 
particularly their episodic behaviours, multiple-channel nature, and no-flow periods, using 
existing weather/climate, geology, overall geomorphology and geography, and flow data. Also, 
ecological and pastoralist information about how different types of flow affect flora and fauna. 
The Chapter closes with the human lived experience of the Confluence, from archaeological 
records to present-day usage and management. Along the way, I will examine the origin of the 
Cooper Creek and Wilson River names. Appendices A2 and A3 contain additional Indigenous and 
Settler historical details respectively. 

The broad range of sources of information and data used in this thesis for the Nguku/KaRirra-
Cooper Creek/Wilson River Confluence includes (in order of antiquity): 

 archaeological studies of Indigenous (pre-European) populations and their food and 
fibre technologies, as these provide a view of the landscape before cattle grazing or 
large-scale water harvesting for cropping in the past century, and also information 
on trading networks that were later adapted as development routes; 

 archaeological studies of Indigenous (pre-European) water gates, dams, fish traps 
and weirs as these may still be evident in contemporary flow distribution patterns; 

 historical journals tracing European exploration and early settlement, which often 
contain locations and descriptions of flora and fauna that can act as indicators of 
particular water regimes, as well as geographical and water features; 

 colonial and State map archives, showing sequences of development that were 
ultimately reliant on accessible water, and containing location names referred to in 
historical material that have since fallen into disuse; 

 archival weather and climate data from government agencies providing 
temperature and precipitation patterns but often discontinuous and only from 
limited locations; 

 archival river data from government agencies providing discharge and stage 
timeseries, but often discontinuous at very high or very low flow levels, and again 
only at limited locations; 

 academic studies of ecology, geomorphology, hydrology, geology and so on, which 
tend to be divided by discipline and focus on one specific aspect of the landscape; 

 commercial publications by mining and pastoral companies, that detail the physical 
geography and exploitation potential of the region; and 

 experiences of long-term residents. 

Figure 2-1 shows the location of the Case Study Area, highlighting the Queensland section of the 
Nguku-Cooper Creek’s catchment, the Windorah Reach portion of that catchment, and the area 
selected for investigation. Figure 2-2 illustrates the major structural controls and 
geomorphological features of the Case Study Area, with an underlying true-colour Landsat 
image. Figure 2-3 is a GoogleEarth map of place names and their relative locations. Figure 2-3 
uses GoogleEarth to demonstrate the diversity of landforms present in the Case Study Area. 
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Figure 2-1 Location of Case Study Area Catchment, Rivers and Waterholes. The significant 
watercourses of Thompson River, Barcoo River, Nguku/Cooper Creek, KaRirra-Wilson River 
and Warri Warri Creek are highlighted. The Case Study Area (lower part of WIndorah Reach) 
is outlined and key waterholes marked. Adapted from (StateOfQueensland 2011), catchment 
insert from (McMahon, Murphy et al. 2005).  
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Figure 2-2 Overview of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence - significant locations and structural features. Red lines are roads, dotted blue 
and light blue lines are approximate flow path indications, dashed lines are approximate locations of anticlines and synclines (grey). Large waterholes        will be 
studied further, small waterholes     are for reference. Red houses are pastoral station locations, black dots are localities. Yellow letters in ovals refer to Figure 2-3 
locations, green letters in ovals refer to Figure 2-5 channel landscapes. Underlying Landsat map courtesy Geoscience Australia.  
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(a) The permanent Meringhina Waterhole 
and floodways or mudbraids. At low to 
medium flows, it focuses the entire Cooper 
discharge for small to moderate flows, 
making it a useful “start point” for the study, 
although the nearest river gauging station is 
250km further upstream at Windorah. 

 
(b) The westernmost channel, around 
Goonababbina Waterhole, at edge of alluvial 
floodplain – dendritic, parallel, distributary 
and tortuous meander features – typical of 
44% of  floodplain(Fagan and Nanson 2004). 
Green arrow indicates Chookoo Waterhole, 
where freshwater lenses are found. 

 
(c) Yotally Waterhole and gilgai landscape – 
the pattern of mounds that can develop in 
some clay soils due to repeated water-
induced expansion and compression of 
cracks filled with loose sediment. 
 
 

 
(d) Okena Creek – an 55km ephemeral 
tributary with a gradient nearly ten times 
that of the Cooper, exhibiting typical 
dendritic structure of these “short and 
steep” sandy tributaries. 

 
 

 
(e) Noccundra Waterhole on the Wilson 
River, passing through sand dune country; 
the difference in sediment colour is stark. 
 

 
(f) Tributary confluence with Cooper Creek, 
showing the alluvial fan of red-brown 
sediment intruding into dark floodplain 
sediments. 

 
(g) Middle Swamp channel – extensive 
pinnate network structure – typical of 39% 
of the floodplain(Fagan and Nanson 2004). 
 

 
(h) Cooper Creek Middle Swamp – 
Watawarra Channel lower reach, displaying 
the localised intensification of meanders 
near sanddune features. 

 

Figure 2-3 Landform Features on the Nguku/KaRirra-Cooper Creek/Wilson River Confluence. 
A demonstration of landform diversity. Courtesy GoogleEarth. 
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2.2 Nguku-Cooper Creek Catchment Characteristics 

The Nguku-Cooper Creek system is one of the seven major river systems of the 1.1 million km2 
endorheic Kati Thanda-Lake Eyre Basin (McMahon, Murphy et al. 2005). In 1845, explorer 
Captain Charles Sturt named Cooper Creek and the Grey Ranges after Judge Charles Cooper and 
Captain George Grey respectively (See Appendix A3 for details). The river flows through the 
Country of the Wangkumara who know it as Nguku (Hercus 2014). 

The 1500 km Nguku-Cooper Creek catchment stretches over 297 000 km2 (McMahon, Murphy 
et al. 2005). The river’s headwaters, the Thompson and Barcoo Rivers, start to the west of 
Australia’s Great Dividing Range, which captures the annual summer monsoon between 
December and March. The 900 km Nguku-Cooper Creek proper with its overall mean gradient 
of just 0.17 m/km commences at the confluence of the Thompson and Barcoo Rivers, before 
spreading out into the vast anastomosed “Channel Country” (McMahon 2005). The low-gradient 
river flows most years in its upper reaches, but only intermittently (approximately every six 
years) via the Strzelecki Desert to its terminus at South Australia’s Kati Thanda-Lake Eyre (Croke, 
Magee et al. 1999, McMahon, Murphy et al. 2005). See Figure 2-1. 

The Nguku-Cooper Creek catchment has a hot dry climate classified as Kӧppen-Geiger BWh (arid 
hot desert) to the west, and BSh (arid hot steppe) to the east (Peel, Finlayson et al. 2007), 
although climate modelling predicts the whole area will become BWh by 2100 (Kottek and Rubel 
2010). The catchment experiences summer temperatures up to 50°C; but during June-August, 
the winter temperatures can fall to -5°C (Queensland-DSITI 2015). It receives a highly variable 
annual rainfall, largely driven by the penetration inland of the ENSO-influenced summer 
monsoon and orographic rain from the north, and also year-round convective events and storms 
driven by transient lows and cold fronts from the south (McMahon 2008a, Hope 2010, Cohen, 
Nanson et al. 2011). The mean annual rainfall of 200mm is much less than the mean Class A Pan 
Evaporation of 2400-3600 mm (Nanson, Price et al. 2008). 

2.3 KaRirra-Wilson River Catchment Characteristics 

The KaRirra, or Wilson River, in south-west Queensland is a temporary, or ephemeral, tributary 
to Nguku-Cooper Creek. KaRirra is the Indigenous name of the river, in the language of the 
Wangkumara people (Hercus 2014). The most likely origin of the name “Wilson River” is from 
pastoralists Hector and Norman Wilson, owners of Congie (Coongie) Station at the river’s 
headwaters in the Grey Ranges from the 1860s until 1881 (see Appendix A3 for details). 

The 300km KaRirra-Wilson River headwaters drain the sandstone Grey Ranges, from 
approximately 100km north of Thargomindah. The river turns southwest for 115 km, before 
turning west and entering a large area of sandy dunes and channel breakdown. Some 80km 
upstream, Nguku-Cooper Creek has divided into two main channel systems and its eastern 
branch also enters the breakdown area, with its intermittent flow a tributary of the KaRirra-
Wilson. Past the dunes, the river re-forms and follows the edge of the floodplain until 100 km 
further downstream, it becomes a tributary to the western branch of the Nguku-Cooper Creek. 
See Figure 2-1. KaRirra-Wilson River flows several times a year, but only rarely reaches Nguku-
Cooper Creek unless the eastern Nguku-Cooper branch is also flowing (based on inspection of 
Landsat images 1984-2013).  
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KaRirra-Wilson River has an estimated mean gradient of 0.36 m/km but it varies considerably; 
the upper reach (coming down off the Grey Ranges) has a gradient of 0.6 m/km, but from the 
breakdown onwards the gradient is closer to 0.2 m/km. For comparison, other shorter streams 
off the Grey Ranges have relatively steep gradients, for instance, Okena Creek’s gradient 
approaches 2.0 m/km before it joins Nguku-Cooper Creek, and Woomanooka Creek’s 
approaches 4.4 m/km. (Gradients estimated from GoogleEarth elevation profiles, Geoscience 
Australia 1:250k topographical and geological maps SG5412 Eromanga, SG5414 Innamincka, 
SG5415 Durham Downs, SG5416 Thargomindah, and SH5403 Tickalara). 

In contrast to the monsoon-fed Nguku-Cooper Creek, flows are generated by local storms or 
frontal rain systems from the southwest and trapped by the Grey Ranges, and occur several 
times a year. However, KaRirra-Wilson River only sometimes flows all the way to its western 
end, and normally takes the form of a series of disconnected waterholes of varying persistence 
(McMahon 2008a, McMahon 2008b). The KaRirra-Wilson River landscapes can vary dramatically 
with seasons and water availability (as illustrated in Figure 2-4). As KaRirra-Wilson River is more 
reliant on localised rainfall, it can flow together with or separately from Nguku-Cooper Creek. 

2.4 Physical Geography of Nguku/KaRirra-Cooper Creek/Wilson River Confluence 

The 330 km section of Nguku-Cooper Creek between Windorah and Nappa Merrie is part of 
Channel Country, and is referred to as the “Windorah Reach”. The river flows over a warped 
sedimentary basin, shepherded southwards by uplands that result from a north-south anticline 
system. 

Approximately 250 km south of Windorah, the anticline system continues south but east-west 
folds have forced Nguku-Cooper Creek to turn west (Kotwicki 1986). It is joined at this bend by 
tributary streams off the Grey Ranges, the major one being the ephemeral and relatively steeper 
and sandier KaRirra-Wilson River. There is a 100km x 75km structurally-controlled silt-covered 
floodplain at this Confluence (27.5°S 144°E, 130m AMSL) with dunefields and many 
anastomosed channels and shallower floodways (Knighton and Nanson 1994, Croke, Magee et 
al. 1999, Fagan and Nanson 2004). The expansive floodplain at the Confluence is compressed 
back to a single 100m wide 9.5m deep bedrock channel downstream near Innamincka (Nanson, 
Price et al. 2008). See Figure 2-2 for an overview of significant locations and features. 

The nearest Bureau of Meteorology weather stations are approximately 200km away, at 
Windorah, Moomba, Tibboburra and Thargomindah, although there are stations recording 
rainfall and solar exposure at Durham Downs, Woomanooka, Nappa Merrrie, Orientos Station, 
Noccundra, Nockatunga, and Jackson Oilfield (available through the Australian Bureau of 
Meteorology).  

A range of geomorphic and hydrological mechanisms is shaping the Confluence. Awareness of 
these mechanisms is important when interpreting remote-sensed data.  
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The Confluence, as described earlier, is a “lover’s knot” of river confluences, with the eastern 
branch network of Nguku-Cooper Creek becoming tributary to KaRirra-Wilson River, which in 
turn becomes tributary to Nguku-Cooper Creek’s western branch network. Figures 2-1 and 2-2 
refer. Individual channels can range from the order of 10 m deep and 200 m wide at the largest 
waterholes, to mere cm deep and less than a metre wide (see Figure 2-5 and Appendix A4). 

Flows through the Confluence are highly seasonal and highly variable. Nguku-Cooper Creek’s 
headwaters transmit water from orographic and convective summer rainfall, including the 
northern Australian monsoon rains (December-February), with additional runoff from localised 
convective events during other times of year (Knighton 2001, McMahon 2008a). Flow travel 
times are long and are non-linearly related to flow discharges (McMahon 2008b). “Dry floods”, 
where there has been no rain but the river is flowing overbank, are not uncommon, and flows 
can take three to six weeks to reach Innamincka from Windorah (Futurebeef 2017). 

At Nappa Merrie, the mean annual flow of 40 m3/s is a tiny fraction of the largest recorded flow 
(1974) of 5800 m3/s (Knighton and Nanson 1994, Croke, Magee et al. 1999, Fagan and Nanson 
2004, Nanson, Price et al. 2008, McMahon 2008b, Cohen, Nanson et al. 2010). There is evidence 
Nguku-Cooper Creek has been up to 7 times larger over the past 250 thousand years, and is 
currently in a relatively “dry” period geologically (Knighton and Nanson 2000). 

Surface flows in the Windorah Reach experience extensive transmission losses of the order of 
75% between the Barcoo/Thompson junction and Nappa Merrie (Knighton and Nanson 1994). 
Knighton has identified high rates of evapotranspiration, particularly during the hot dry summer 
months, as the first mechanism of transmission losses (Knighton and Nanson 1994). The drying 
out of waterholes is illustrated in Figures 2-4 and 2-55, and quantified in Chapter 7. 

Knighton’s second mechanism of transmission loss is infiltration (Knighton and Nanson 1994). 
There are only limited losses to groundwater due to the clay that coats the floodplain. However, 
water penetration through scour holes in the silt/clay lined channels has recently been shown 
to develop freshwater lenses on top of the more saline local groundwater. The “hole” in the 
mud layer self-heals when the flow stops (Cendón, Larsen et al. 2010, Larsen 2011). 

Flow reversal (or backflow) can occur for KaRirra-Wilson River. It normally flows “downstream” 
from localised rainfall runoff from the Grey Ranges, but during high Nguku-Cooper Creek flows, 
water can be pushed back “upstream” along the KaRirra-Wilson River channels (Nanson 2012). 

Tectonic uplift is raising the Innamincka Dome and blocking the river at the western boundary 
of the Confluence (Nanson, Price et al. 2008). Pooling occurs behind the Innamincka Dome, 
which slows Nguku-Cooper Creek and can lead to backflow in tributaries (Nanson, Price et al. 
2008). More generally, barriers of (relatively) high ground lead to the third mechanism of 
transmission losses identified by Knighton: “terminal storage”, where sections of flow can 
disconnect when low water levels become trapped in relatively low-lying areas (Knighton and 
Nanson 1994). Similar pooling occurs around dunes and low ridges, and at road infrastructure; 
see Chapter 8 for an investigation of the effects of the latter.  
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There are several erosive mechanisms active around the Confluence. Incision of Nguku-Cooper 
Creek into the sandstone Innamincka Dome is occurring slower than the rate of uplift, by 
approximately 36mm/1000 years meaning that eventually the river will need to find a different 
flowpath (Cohen, Nanson et al. 2010). Secondly, scour occurs along the channels especially at 
points of flow convergence, and the resulting deep permanent waterholes continue to focus 
erosional energy at a range of discharges to maintain channel patterns (Knighton and Nanson 
1994, Knighton and Nanson 2000). Thirdly, erosion of the surrounding sandstone and mudstone 
uplands occurs during during rainfall events, both upstream and at the Confluence, leading to a 
mixture of silty and sandy sediment particles (Fagan and Nanson 2004). 

There are also several depositional mechanisms active around the Confluence. Fluvial deposition 
of smectite-rich vertisols in the form of fine silts and clays, derived from the basalts of the 
Cooper’s headwaters, occurs at the Confluence as a result of flow deceleration; the self-
mulching properties of these deposits result in the deep cracks and mounds known as gilgai 
(Nanson, Price et al. 2008). Local tributaries carry sandier sediments from the surrounding 
sandstone and mudstone uplands during local convective rains (Fagan and Nanson 2004, 
Nanson, Price et al. 2008). The resulting difference in sediment colouring and the alluvial fans 
are clearly visible on satellite imagery (Nanson, Price et al. 2008); see Figures 2-2, 2-3 and 2-4. 
Aeolian transport of sandy sediments has formed source-bordering dunes, as the Confluence 
lies near one of Australia’s two continental-scale wind whorl foci (Bullard 2003, Maroulis, 
Nanson et al. 2007, Hesse 2011). 

Over the geological timescale, sediment layering has resulted in a 0.5-8m dark clay-rich mud 
(approximately 30% silt, 60% clay and 10% sand) overlying a deep sand layer containing gravel, 
gypsum and indurated clay units, which in turn overlies sandstone/mudstone bedrock (Knighton 
and Nanson 1994, Knighton and Nanson 2000, Nanson, Price et al. 2008). Compaction of 
mud/silt sediments with depth has led to the development of two contemporaneous channel 
systems at the Confluence – a shallow braided floodway network in uncompacted surface muds 
that only activates after a threshold flow is reached, and a deeper laterally-stable set of channels 
in the more cohesive compacted muds (Nanson 1986, Knighton and Nanson 1994, Nanson 1996, 
Fagan and Nanson 2004). 

In addition to awareness of geomorphic and hydrological mechanisms, correct interpretation of 
remote sensed data also requires a knowledge of seasonal and interannual vegetation responses 
to water and weather (Milne 2000, Makkeasorn, Chang et al. 2008). 

The vegetation on the Confluence can be divided into three broad categories: channel; 
floodplain; and water-responsive. The main channels are predominantly lined with coolabahs 
(eucalyptus coolabah), river red gums (eucalyptus camaldulensis), and lignum (muehlenbeckia 
florulenta). Elsewhere on the floodplain, perennial Mitchell grasses (astrebla sp) dominate, with 
scattered acacias (acacia sp) and desert shrubs. With sufficient rainfall, summer and winter 
annuals, including channel millet (echinochloa turneriana) and Cooper clover (trigonella 
suavissima) respectively, provide good cattle grazing. Opportunistic forbs and grasses, and some 
weed species – such as noogoora burr (Xanthium occidentale) and parthenium (parthenium 
hysterophorus) – grow in immediate proximity to water. (Wiltshire and Schmidt 2003, Capon 
2004, Capon and Brock 2006).  
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GoogleEarth 
(yellow bar is 1000m) 

June 2013 (winter), after February 
(summer) flow 

January 2014, before summer flow May 2016, 48 hours after major local 
rainfall event 

Meringhina WH (Cooper Ck) 2.5 km x 100 m wide x 7 m deep (Knighton 1994)                                                                                                               MATLAB refs: WH06 MERI 

   

Not overflown. 

Naccowlah WH (Cooper Ck) – 7 km x 60 m wide x 6 m deep (Knighton 1994)                                                                                                               MATLAB refs: WH03 NACC 

   

Not overflown. 

Goonababbinna WH (Cooper Ck) 4 km x 40 m wide x 6 m deep (Knighton 1994)                                                                                                         MATLAB refs: WH01 GOON 

   

Not overflown. 

Tookabarnoo WH (Wilson R) 3.5 km x 75 m wide x approximately 2-3 m deep estimated from photographs                                                                 MATLAB refs: WH07 TOOK 
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Yotally WH (Wilson R) 1.5 km x 140 m wide x approximately 1.5-2 m deep estimated from photographs                                                                          MATLAB refs: WH02 YOT 

    
Nockatunga WH (Wilson R) 4.5 km x 90 m wide x approximately 5 m deep estimated from photograph                                                                          MATLAB refs: WH04 NOCK 

   

Not overflown. 

Padi Padi WH (Wilson R) 1.5 km x 25 m wide x approximately 3m deep estimated from photograph                                                                              MATLAB refs: WH05 PADI 

 

(Photograph: Hercus 1972)

 

Not visited. 

 

Figure 2-4 GoogleEarth Images (with yellow Scale Bar 1000 m), and Field Work Photographs – Confluence Waterholes. Nguku-Cooper Creek waterholes mainly 
fill from upstream. KaRirra-Wilson River waterholes fill by local or Grey Ranges runoff (from“upstream”), or backflow (from “downstream”). For both rivers, 
some waterholes are permanent, but many are ephemeral. Images courtesy GoogleEarth. Photographs D.Kucharska, R.Young, C.Crain, L.Hercus.
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(a) Shallow network of channels near 

Noccundra Waterhole, “breakdown” reach 
of the KaRirra-Wilson River (June 2013). 

 
(e) Typical silt channels in the “breakdown” 

area, between Yotally and Naccowlah 
Waterholes (January 2014). 

 
(b) Flooding at Nockatunga Waterhole, can 

reach significant overbank depths (June 
2013). Here debris has been deposited over 
3m above bankful. 

 
(f) Typical sandy channel in the “breakdown” 

area, near Little Tooley Wooley 
Waterhole, between Yotally and 
Naccowlah (January 2014). 

 
(c) Meringhina Waterhole is only 2 km long but 

up to 100 m wide and 7 m deep (June 2013). 
 

 
(g) Nguku-Cooper Creek Main Channel 

(looking south from under Adventure Way 
Bridge) in January 2014. 

 
(d) Nappa Merrie Waterhole can be up to 

250m wide and 10m deep (June 2013). 
 

 
(h) Nguku-Cooper Creek Main Channel (looking 

south from Adventure Way Bridge) in May 
2016, immediately after local heavy rains. 

Figure 2-5 Channel and Waterhole depths and widths can vary widely across the Confluence. 
Photographs D.Kucharska, C.Crain, R.Young.  
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The surface status of the Confluence can vary dramatically even over short time periods, with 
the appearance/disappearance of water and associated vegetation response. Assessment of 
pasture and road conditions relies on identification of the surface status of the floodplain and 
its channels. Landscapes can vary between wet and dry seasons, with many seemingly large 
waterholes drying out completely. For example, Figure 2-4 illustrates Yotally, Naccowlah and 
Tookabarnoo Waterholes over 30 months, going from dry or vegetated, to fully inundated. 
Channel flows from upstream are more prevalent than rain actually on the floodplain, with the 
pastoralists describing how floods bring silt to feed the grass, and how followup rain is important 
to wash the land clean and allow vegetation grow (Silcock 2009). The episodic flooding can cause 
infrastructure damage and months of access disruptions (Bunn 2006); this was experienced with 
three aborted attempts at fieldwork due to rain and flooding in November 2011, March 2012, 
and July 2016 (see Appendix A4 Section A4-5).. 

 

 

2.5 Human Occupation of Nguku/KaRirra-Cooper Creek/Wilson River Confluence 

Human habitation of the Nguku/KaRirra-Cooper Creek/Wilson River region significantly pre-
dates European settlement. The people of the Kati Thanda-Lake Eyre Basin (and beyond) had 
extensive trading networks along Australia’s inland rivers (Flood 1983, Horton 1996, McBryde 
2004, Smith 2005, Kerwin 2010, Smith, McBryde et al. 2010). Archaeological and early settler 
evidence suggests groups numbering in the thousands occupied the Nguku-Cooper Creek region 
for potentially 25 thousand years (Tolcher 1985, Lance 1992). They adapted to changes in 
climate (including ENSO cycle intensity) through mobility, seasonal migration, and rudimentary 
food rationing and storage methods. In times of plenty, high populations lived by the 
waterholes, but during leaner, drier times, groups would disperse into the surrounding country, 
to match population density with the resources available (Williams, Ulm et al. 2010). The people 
of the Nguku/KaRirra area built large permanent houses and storage huts, and harvested a 
variety of seeds and grains both for immediate use and for storage (Jones 1979); some may have 
been cultivated (Pascoe 2014). 

Figure 2-6 illustrates the diversity of Indigenous language groups of the Kati Thanda-Lake Eyre 
Basin, highlighting those that will form part of the story of this thesis in later Chapters. 

Immediately prior to European settlement, the Confluence was mostly the Country of the 
Wangkumara people. It is thought that at the time of first contact with Europeans, changes in 
harvesting techniques and strict cultural hunting and fishing restrictions indicated growing 
environmental stress (Allen 1968, Jones 1979, Hamm 1989, Nobbs 1992). For these Indigenous 
communities, being able to correctly read and predict conditions was vital to survival. Appendix 
A2 summarizes some of the Wangkumara cultural practices and technologies related to water. 
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Figure 2-6 Indigenous Language Groups of the Kati Thanda-Lake Eyre Basin (1996). Nguku/KaRirra-
Cooper Creek/Wilson River Confluence study area outlined in red. Highlighted names are related to the 
Marnpi Story (see Chapter 9) and were provided by Luise Hercus as their the preferred spellings (Hercus 
2014). Adapted from: Horton and AIATSIS/Aboriginal Studies Press/Auslig/Sinclair Knight Merz, and 
extract downloaded 10 March 2016 from http://www.abc.net.au/indigenous/map/  

Yawarawarka 

Yandruwandha 

Andyamathanha 

Wangkumara 
Punthamara 

Kallali 

Malyangapa 

Wadigali 
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First contact with European explorers in the 1830s was quickly followed by European settlement, 
displacing the Indigenous groups away from Country (Hope 2006, Ebsworth 2009). Permanent 
European settlement of the rich grazing lands commenced in the 1860s, with forced “clearance” 
of Indigenous groups and consequent breakdown of many community structures. (Broome 
2010). Indigenous paths were repurposed for settlement and stock routes, and the more reliable 
waterholes and native wells were converted to farm dams (Pascoe 2014). 

The European settlers’ early optimism was soon tempered by climate reality and by 1897 
consolidation of the original small 1882 pastoral runs into the current large stations had begun. 
Appendix A3 delves into early Settler experiences, including maps with historical placenames. 

 

 
Figure 2-7 Pastoral Stations of the Confluence and Surrounds (2011). Nguku/KaRirra-
Cooper Creek/Wilson River Stations outlined in yellow. Oil and gas pipelines drawn in thin 
green and red, and Santos ATPs (Authorities to Prospect) outlined in thin black. Confluence 
study area outlined in heavy red. Courtesy Santos. 

 

Current human habitation on the Confluence include pastoral stations, small permanent towns 
on the “Grey Nomad” (retired caravanners) tourist trail (Innamincka, Noccundra and 
Nockatunga), fossil fuel facilities, old exploratory geothermal sites (NationalWaterCommission 
2012), and ongoing Aboriginal custodianship by the Wangkumara-Punthamara and Kallali 
people. Nguku-Cooper Creek flows through Durham Downs/Woomanooka, Naryilco and Nappa 
Merrie Stations and KaRirra-Wilson River flows through the Mt Margaret, Nockatunga, Naryilco, 
and Orientos Stations, with their associated cattle herds, farm tracks and fence-lines (see Figure 
2-7). Santos exploits the area for oil and gas, crisscrossing it with service roads (see Figure 2-8). 

Nockatunga 

Orientos 

Durham 
Downs 

Naryilco 

Nappa Merrie 
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Figure 2-8 Extent of Santos Oil and Gas Operations in the Eromanga/Cooper Basin at the 
Confluence (2018). The company’s road network reflects the gas and oil pipeline and well 
networks. Nguku/KaRirra-Cooper Creek/Wilson River Confluence study area outlined in red. 
Courtesy Santos. 

 

Reasonably continuous records of climate and river conditions (albeit qualitative) can be 
obtained as far back as the 1890s for a few sites between Windorah and Innamincka. However, 
due to the paucity of weather and river gauging stations on the Confluence itself, and the 
discontinuous record for existing and historical stations, there is little data available on how 
water distributes itself across the floodplain. 

Those who live on the Confluence have a working knowledge of its weather and flows to enable 
them to plan development and maintenance of infrastructure, and control livestock movement. 
For instance, Longreach-based and government-funded Desert Channels Queensland Inc is a 
community-based organisation “that works to ensure a sustainable social, economic and 
environmental future for the Queensland section of the Kati Thanda-Lake Eyre Basin” 
(DesertChannelsQueensland 2006). It produces Catchment Rules of Thumb posters which 
summarise, at catchment scale: landscape characteristics; the amount of rain needed for various 
levels of flow/flood to occur; and the size, speed, duration and frequency of floods at various 
points. The Cooper Creek poster is reproduced in Appendix A3; the full-scale version can be 
downloaded through the link provided. Whilst useful, these rules-of-thumb operate on a much 
coarser scale than the methods presented in this thesis. 

In 2011, the Cooper was declared a “wild river” under the Queensland Wild Rivers Act 2005, and 
the Cooper catchment was protected by legislation including the Queensland Water Resource 
(Cooper Creek) Plan 2011 (StateOfQueensland 2011). The Plan aimed for a sustainable 
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management framework for overland water, and protection of significant surface water 
features, including many of the waterholes in this study; protections were considerably reduced 
after a change of government in 2013. Under the Water Reform and Other Legislation 
Amendment Act 2014, water resource plans and resource operation plans in Queensland are 
slowly being replaced by new planning instruments. Water planning outcomes for the Cooper 
Creek catchment are now via the Water Plan (Cooper Creek) 2011 and Cooper Creek Water 
Management Protocol (still in preparation as at March 2019) (StateOfQueensland 2011, 
StateOfQueensland 2019). Although (at the time of writing) the Nguku-Cooper Creek 
catchment’s natural flow regime has not been significantly altered by human interventions 
(Queensland-DERM 2011) , there are regular proposals to mine or modify runoff storages (Tully 
2014, Zonca 2014). It has been recognized that human impact can add to a floodplain’s natural 
susceptibility to change at all scales (Allan 2004). 

The Nguku/KaRirra-Cooper Creek/Wilson River Confluence has undergone many significant 
changes over the duration of this thesis project (2010-2020). 

Drought and flood events have been extreme. After the ten-year Millenium Drought starting in 
the late 1990s, the area experienced record floods in 2010-2011 (NationalClimateCentre 2011). 
More years of severe high temperatures and drought followed, and pastoralists reluctantly 
destocked their land (DurhamDowns 2013, NappaMerrie 2014, Naryilco 2014, Woomanooka 
2014). In May 2016, a large rain event on the floodplain refreshed many local creeks and 
waterholes even though there were no large flows in the Nguku-Cooper and KaRirra-Wilson river 
channels (BOM-Climate , BOM-Flood), and unseasonal winter rains both on the Confluence area 
and upstream in the Thompson and Barcoo catchments added to the water. Subsequently, 
severe drought has returned, drying up all but the most persistent waterholes and depleting 
ecosystems (Freund, Henley et al. 2017). 

Ownership of the S. Kidman and Co. pastoral company, that controls most of the area, has 
passed to foreign ownership, and the company had not renewed its lease for the historically 
important Nappa Merrie Station (NappaMerrie 2014, Phelps 2016, Schwartz 2016). Continuity 
of management is no longer guaranteed, with out-of-area managers being appointed for short 
periods thereby losing the intimate experience of the Confluence that was held by long-term 
managers and residents. 

Santos was running reduced operations due to a major fall in the price of oil and gas in 2015, 
but has since expanded its operations with over one hundred new wells to be drilled in 2018-19 
(SANTOS-SouthWestQueenslandTeam 2013-2014, Santos 2015, Santos 2019). 

The Cooper Basin Enhanced Geothermal Systems’ Habanero pilot plant near Innamincka, which 
used water to fracture hot granites and circulate the heat to the surface, closed in December 
2015 and was to be remediated in 2016 (ARENA 2015). 

Each of these changes is expected to influence the Confluence water distribution and usage 
patterns that will be investigated in Chapters 7, 8 and 9. 
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2.6 Gaps and Opportunities 

As discussed in this Chapter, there are deficiencies in current descriptions and analyses of 
dryland anastomosing systems with ephemeral channels, such as the Confluence. 

On the technical side, terminology and hierarchy schemes are incomplete. Representations of 
spatially distributed systems for long timeseries are difficult to interpret, especially to establish 
timing relationships. Interactions of water distribution and transit times between channels do 
not appear to have been explored to date. Studies of anastomosing or highly variable flows rely 
on channel simplifications, especially when there is little measured data and onsite presence is 
impossible during major flow/flood events. There are challenges for remote sensing (spatial, 
temporal and spectral resolution issues, cost, and duration of data records) for regions like the 
Confluence: a thinly-populated regional-scale floodplain with relatively sparse vegetation, water 
bodies of different persistence, and multiple systems of temporary channels, over a time period 
covering extreme drought and extreme flood, as well as small-to-medium flows. There are also 
challenges in the interpretation of remote-sensed data for ecosystem response to water. Valid 
interpretation of spectral data must to take into account vegetation coverage and composition, 
seasonal (annual/interannual) responses, and short-term and long-term timeframes (grasses vs 
trees, for instance). Localised rainfall and “dry floods” (where precipitation upstream causes 
flooding without rainfall) will influence vegetation response differently. 

 GAP: Deficiencies in current descriptions and analyses of dryland anastomosing rivers 
with temporary channels, particularly where there is little instrumentation or access. 

 OPPORTUNITY: An improved terminology and methodology for multiple channel 
systems, including long-term regional-scale visualization tools and models that quantify 
system interactions and timing relationships. The methodology could address a range of 
hydrological outputs that are also of interest to ecologists and water resource managers. 

On the socio-hydrology side: there is growing recognition of the need for Australian Indigenous 
involvement in hydrology studies (Gorman and Wallis 2010, FPWEC 2012, Jackson, Pollino et al. 
2015). Practical problems include the logistics of working with relevant Indigenous Elders, 
gender-based restrictions on traditional knowledge, restricted technical capacity in Indigenous 
communities, and little emphasis on social sciences skills in the engineering profession. More 
fundamental difficulties exist with integrating information from the Indigenous 
process/relationship worldview with the event/location-based worldview of hydrology. 

 GAP: There has been low Australian Indigenous involvement in hydrology studies to 
date, due to various practical and logistics issues, and also fundamental differences in 
knowledge management systems. 

 OPPORTUNITY: Indigenous Environmental Knowledge relating to the study area may, if 
successfully integrated, provide a holistic perspective on flows, persistence, and climate, 
complementary to a hydrological study. 

The next Chapter will examine the gaps and opportunities and the specific challenges they pose, 
state the Research Questions and describe the research approach to be used to tell a scientific 
story of the Confluence.  
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CHAPTER 3 – RESEARCH CHALLENGES AND QUESTIONS 

In this Chapter, I consider the gaps and opportunities from Chapter 2, recognising 
the challenges they present and how they relate to my motivations from Chapter 
1. I define my Research Questions about water distribution patterns, and step 
through my methodology: conceptualization of the study area, collation of data, 
introduction of a suite of tools to describe water distribution patterns, and use of 
those tools to determine if patterns have changed over time and if so, why. 

 
3.1 Research Aims for the Nguku/KaRirra-Cooper Creek/Wilson River Confluence 

This Chapter takes the knowledge gaps and opportunities identified in Chapter 2 and discusses 
the challenges involved in addressing them at both site-specific and general levels. It develops 
environmental-engineering-based Research Questions and, using a multi-disciplinary case study 
of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence, explains the steps this thesis will 
take to answer them. 

This thesis has two research aims, related to the motivations of Chapter 1 Section 1.2. Firstly, to 
quantitatively characterize a complicated landscape under a range of climate and river 
conditions, to overcome issues of high natural variability, long-term landscape response times, 
and inaccessibility during wet periods. More particularly, the thesis aims to tell the scientific 
story of distribution and timing aspects of the relatively more common and ecologically more 
significant small-to-medium flows on the Confluence, as the focus in the past has often been on 
the rarer and more disruptive (to humans) large flows (Pietsch 2012). The outcome will improve 
management information and data interpretation to enable better environmental decision-
making for these landscapes. 

Secondly, this thesis aims to incorporate a wide range of human experiences, particularly 
Indigenous Environmental Knowledge (IEK), into the characterization story. It seeks to identify 
how and why IEK and community knowledge differ from the academic perspective, and how the 
resultant difficulties with integrating the sources of information can be overcome. The thesis 
will use the Confluence case study to demonstrate how IEK and community knowledge can 
complement technical data in the development of a scientific story. The outcome will improve 
the ability of academic, engineering and environmental management activities to recognize and 
include Indigenous and community knowledge. 

This thesis also recognizes the ethical need for benefits to flow back to communities that provide 
input, especially Indigenous communities, and flags how these benefits can be negotiated. 

This thesis follows five steps in its Research Approach: 
1. Statement of Challenges, Opportunities, and Research Questions 
2. Perceptual and Conceptual Models of the Study Area 
3. Collection of Quantitative and Qualitative Data (including Datasets and Interviews) 
4. Development of Descriptive and Visualisation Tools (including Remote Sensing) 
5. Determination of Patterns and Change, and Answering the Research Questions 
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3.2 Technical Challenges of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence 

In 2009, Tooth postulated that “research conducted at the interfaces between traditionally 
disparate academic disciplines can...provide fresh perspectives that catalyse the identification 
and development of novel research approaches and themes” especially for areas of anastomosis 
and “channel breakdown” (pg 252)(Tooth 2009). 

The description and explanation of channel filling and drying sequences for anastomosed river 
reaches and channel breakdown areas, such as at the Confluence, needs to draw on methods 
and information from the disciplines of hydrology, geomorphology, social sciences, and 
particularly for hard-to-access locations, remote sensing. Hydrology supplies the theory for 
individual channels, such as rainfall-runoff data and hydrographs. Geomorphology supplies the 
theory for a channel’s size and shape in terms of the processes that created it, including those 
related to water. Ecology supplies the theory for the influence that biological processes have on 
a channel, such as the effects of plants on stabilising banks or animals in compacting sediments. 
Remote sensing allows the observation of surface conditions that would otherwise be 
inaccessible. Social sciences supply the human perspective on water, its distribution and 
persistence. 

Chapters 1 and 2 have already introduced the idea of a scientific story based on multiple 
discipline inputs, described the general dryland multiple-channel temporary river context and 
referenced a specific example site. However, in trying to tell the scientific story of how water 
distributes itself across the Nguku/KaRirra-Cooper Creek/Wilson River Confluence landscape, 
each of the discipline areas of hydrology, geomorphology, remote sensing, social sciences, and 
ecology has its own challenges, discussed below. (Although this thesis is predominantly based 
on the first four, it acknowledges the influence of ecology as applied to the interpretation of 
data.) 

 
3.2.1 Challenges for Hydrology and Geomorphology 

Hydrology provides information about water behaviour on a landscape, including precipitation 
and runoff effects, surface/subsurface flow distributions, hydrographs and routing models 
analysing lead and lag times and attenuation of floods, storage and losses (evaporative or 
seepage), inundation duration, and flow seasonality and speed; see for example (Bedient 2008). 
Geomorphology is more concerned with the shape of the landscape, and provides information 
about channel network type, erosion and sedimentation, bed configuration, channel gradient, 
and responses to changes in flow regime or topography (Knighton 1998). 

One result of the differing discipline perspectives is that channels can be seen as conduits of 
water (hydraulics, focused on energy, stream power, movement, bank erodibility, and channel 
dimensions), or as transporters of sediment (sedimentology, focused on equilibrium concepts 
and sediment properties) leading to different descriptions of the same processes (Phillips 2010). 
Another example is in terminology, for instance the differing use of the words “anabranch” and 
“anastomosis” by geographers, sedimentologists and geomorphologists. Makaske discussed 
multiple-channel river classifications based on sinuosity, number of braids per meander 
wavelength, channel bifurcation angle, and size and shape of alluvial islands (Makaske 2001). 
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Nanson and Knighton classified multiple-channel “anabranching” rivers, with the 
“anastomosing” subclass differentiated by being formed in cohesive sediments (Nanson 1996). 
The resulting variation in the definitions of “anastomosing”, “anabranching” and “braided” 
rivers makes comparison across classification schemes difficult (Carling, Jansen et al. 2014). 

Terminology can present other issues. For example, the term “flood” in a multiple-channel 
system, particularly with temporary channels, cannot simply be defined as “overbank flow”; 
some channels (or parts of channels) may be overflowing while others are inbank, or still dry. 
Bullard referred to “floods” even where the floodplain was not inundated (Bullard 2007). Whole-
of-river “bankful” status cannot easily be determined when different parts of its channel 
network are at different levels. Determining “bankful” or “overbank” using discontinuities in 
stage-discharge plots is significantly affected by where the hydraulic geometry is measured 
(Knighton 2002). On the Confluence, it has been proposed that a flow becomes a flood when 
the floodway channels inundate but this still does not take into account the common situation 
where different parts of the channel network can be “flooding”, “flowing” and dry at one time 
(Nanson 1986).  

A single flow pulse upstream of a divergence can become multiple pulses in the channels below 
the branching. Researchers have previously assumed an even division of discharge in branches 
but this is not necessarily valid (Bullard 2007). 

Further, if the flow paths along the branches between divergence and convergence are different, 
the divided pulse components may travel different distances, possibly over dissimilar gradients 
and sediments and with different transmission losses, to reach the downstream convergence at 
different times. This results in extending the duration and changing the magnitude of the pulse 
(Knighton 2001). Individual channels have been demonstrated to possess differing rise and fall 
flow velocities, particularly on low-gradient rivers such as the Cooper Creek (Knighton 2001, 
Costelloe 2012). But few studies have tackled the implications of multiple-channel timing. For 
instance, although she acknowledged that data from the multiple-channel region was needed 
to properly understand the relationship between channel patterns and flow regimes, Bullard 
chose to measure stage-discharge at a constriction on the Diamantina River to minimize the 
effect of unequal channel filling times and rates (Bullard 2007). 

In addition to multiple surface channels, hydraulic connectivity through subsurface flows and 
hyporheic corridors can extend for some distance from the main channels even though this 
water is hidden from the surface; this flow connectivity and its effect on surface discharge is 
rarely addressed (Boulton, Findlay et al. 1998, Cendón, Larsen et al. 2010). 

Because it is generated by the interaction of many (often non-linear) physical and biological 
processes, explaining flow behaviour across an intricately networked floodplain such as the 
Confluence is difficult. The results of interactions can become apparent through self-
organisation of patterns (Knighton 2001, Keiler 2011). Current literature’s understanding of 
emergent patterns in multiple and temporary flow path systems is impeded by difficulties with 
channel status identification and representation, sparse monitoring of flow timings for individual 
channels, and large computing resource needs if large numbers of channels are modelled. 
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Take the first point about channel identification and representation. Currently, there is a lack of 
a suitable drainage network hierarchy and referencing convention for the multiple channel 
(divergent/convergent case), corresponding to the stream order concepts for “main stream and 
tributaries” systems (Marren 2010). Thus, there is no way of systemizing the place in the 
drainage network hierarchy of an individual channel, and hence to determine whether channels 
of a similar hierarchical status have similar characteristics. Existing studies avoid the problem by 
concentrating on single-channel dryland rivers or on single channels of a multi-channel system, 
such as the hydraulic geometry study of the Verde River (Beyer 2006). Alternatively, they 
simplify the anastomosing reaches by taking measurements at constriction points and assuming 
similarity amongst the channels downstream of these, as was done in a stage-discharge study 
of the anastomosed Diamantina River (Bullard 2007). Patterns that would emerge from 
interactions between channels will not be visible with this simplified single-channel approach. 

Practical impediments to monitoring (the second point) have been discussed in Section 2.1. Hiatt 
and Passalaqua also described limitations when measuring individual channel flows in the Wax 
Lake Delta, Louisiana, particularly the large number of small channels compared to the sampling 
campaign timeframe (Hiatt and Passalacqua 2015). Patterns that might emerge from 
interactions between channels may be missed if those channels happen not to be sampled. 

Regarding the third point, quantitative modelling of complicated floodplains with multiple 
systems, ephemeral channels and permanent storages, currently requires significant 
simplification, extremely large computational and parameterization effort, or both. For instance, 
Biftu and Gan developed the DPHM-RS physically-based model of a semi-arid basin in Alberta 
(using AVHRR, Landsat TM and Radarsat SAR) (Biftu and Gan 2004). SIMGRO was used with 
ArcView to assess the flow regime of the Evrotas River basin in Greece (Querner, Vernooij et al. 
2011). Yamazaki developed a catchment based macro-scale floodplain model CaMa-Flood 
(Yamazaki 2011). None of these models was at a sufficiently fine scale to model individual 
channels of the size covering the Confluence. 

 

3.2.2 Challenges for Remote Sensing 

Remote sensing has been used for many years for studies of remote or difficult-to-access 
wetlands, and global-scale hydrological changes. For instance, (Gheith 2001) in the Wadi el Arish 
in Egypt, (Milne 2000) on the Alligator River in Australia’s Northern Territory, (Mesev 2007) in 
Mauritania, (Artan 2007) on the Nile and Mekong Rivers, (Bindlish 2009) and (Ho, Ryu et al. 
2011) on Cooper Creek, (Turral, Stewardson et al. 2008) in the Lake Eyre Basin, (Hadeel 2011) in 
Iraq, and on a global scale, (Bartsch, Wagner et al. 2009) and (Thenkabail 2009). However, all 
the studies concentrate on snapshots to describe one aspect, such as inundation extent or 
vegetation change, rather than explaining flows and interactions over an extended timeseries. 

From reviewing the literature, it is apparent that tradeoffs between spatial and temporal 
coverage, resolution (size of pixel), and spectral resolution (bands) are largely decided by the 
scale being used to study the wetlands and the availability of data. Combinations of sensors, and 
use of increasingly accurate Digital Elevation Models (DEMs), are common, to take advantage of 
the strengths of each. In particular the daily MODIS vs monthly Landsat coverage are often 
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traded off against the 250-500m MODIS vs 15-120m Landsat resolution. Costs and availability 
are also significant factors, particularly away from more populated parts of the globe (Turral, 
Stewardson et al. 2008). Using spectral band data from sensors of suitable resolution and 
coverage, a large number of indices (combinations of band values) have been developed to assist 
in identifying ground characteristics; the most relevant here are indices for vegetation response, 
water, sediment, and soil moisture. 

A major challenge is the choice of remote sensing methods and technologies, as no one platform 
and sensor can simultaneously provide high resolution, global coverage, frequent timing, and 
long-duration spectral coverage. In deciding an appropriate remote sensing platform and sensor 
for a particular water landscape and project report requirement. The challenge is finding a 
platform/sensor compromise whose metrics best meet the research aims: the list of 
considerations includes: 

 Spatial aspects – criteria for the choice of locations, the dimensions of features of 
interest and the size of the area under investigation. 

 Temporal aspects – how fast does water move through this landscape? How far back 
does the study extend – years, decades, or longer – and how does this timeframe relate 
to any seasonal, inter-annual or other cycles, not necessarily calendar-based? Has the 
water behaviour changed over time due to human interventions or natural events? How 
often do we wish to observe the region over the total study period? 

 Categorisation of status at a location – will pixels be classified using a binary 
inundated/not inundated or vegetated/not inundated scheme, or some other 
categorisation, and what spectral bands are required to establish status? 

 For quantification of water properties (particularly moisture presence and persistence) 
at a location over time, how will the data be aggregated over time and space – 
compatibility of different sensor data? 

 For quantification of connectivity of landscapes and rivers, particularly 
floodplain/channel exchange, transience/permanence and seasonality, what format will 
be used to report the data and linkages over the extended timespans – duration of data 
record, quantity of data and compatibility of resolution and spectral bands? 
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3.2.3 Challenges for Interpretation of Ecosystem Response 

Valid interpretation remote-sensed spectral data for water presence requires an understanding 
of its ecology, to take into account vegetation coverage and composition, seasonal 
(annual/interannual) characteristics, and short-term and long-term timeframes (grasses vs 
trees, for instance) (Campbell 2007, Horning 2010). 

Biological community presence, vigor and persistence is controlled by, and is an identifier for, 
streamflow variability and inundation patterns (Fisher, Gray et al. 1982, Poff 1989, Bunn 2006, 
Capon and Brock 2006, Sheldon 2006). Localised rainfall and “dry floods” (where precipitation 
upstream causes flooding without rainfall) influence vegetation response differently. The 
magnitude, duration and regulatory of inundation affects vegetation response through 
mechanisms such as increased turbidity and reduced light penetration, connection of otherwise-
discrete populations, and movement of nutrients and detritus; consequences of these are 
recognisable in remote sensed data (Polis 1997).  

In addition, a general knowledge of local land management practices and the presence of feral 
species and large animals, is required to understand changes to remote-sensed ground status 
driven by human activity. These include reduced plant cover through grazing/overgrazing, 
removal or planting of trees, compaction of soils and increased turbidity at watering points by 
large animals, and the construction of earthworks such as dams, levees and roads. (NappaMerrie 
2014, Naryilco 2014, Orientos 2014, Woomanooka 2014, Futurebeef 2017). Sedimentation and 
channel size effects of weed encroachment have also been demonstrated (Pusey 2003). 

The Confluence exhibits all these ecosystem complications: grassland alteration and waterhole 
modifications to support cattle herds, different stations managing paddock fencing and land use 
differently, populations of weeds, wild pigs and dogs with reduced visibility of native animals 
compared to adjoining lands where feral species are controlled, and significant industrial road 
and infrastructure construction including protective earthworks (all based on direct 
observations during field work). Remote-sensed data tracks the ground status consequences, as 
will be discussed in Chapters 6-9. 
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3.2.4 Knowledge Gaps and Opportunities for the Confluence 

Chapter 2 discussed general gaps and opportunities relating to dryland anastomosing systems 
in general. Gaps related to deficiencies in describing and analysing sparsely instrumented 
dryland anastomosing rivers with temporary channels, and the low level to date of Indigenous 
involvement in hydrology studies. Opportunities related to developing improved methods for 
the former, and exploring ways to ethically use Indigenous Environmental Knowledge for the 
latter. This Chapter focuses on the knowledge gaps and opportunities relating to the Confluence. 

GAP: In terms of need for improved knowledge, in April 2009 the Queensland Department 
of Environment and Resource Management (DERM) identified several issues for ecological 
risk assessment and management of the Cooper Creek catchment, including: quantitative 
knowledge about flows related to ecological assets; spatial knowledge of wetlands; 
waterhole formation and connection to groundwater; and information on water movement 
patterns (GolderAssociates 2009). The Confluence surface waters are currently 
unmonitored making oversight of the effects of any changes to legal protections, or 
violations of those protections, difficult. 

OPPORTUNITY: To systematize the Confluence in preparation for the investigation of water 
movement patterns, this thesis will require consistent terminology and classification 
schemes, drawing on existing conventions where possible. Enhancements to existing stream 
ordering concepts to include divergent as well as convergent channels will be explored to 
enable systematization of the Confluence drainage network. Methods (combining 
hydrology, remote sensing and ecology) using both vegetation response and surface water 
to identify moisture presence and quantify its persistence will be explored. 

OPPORTUNITY: A possible method for quantitatively identifying water movement patterns 
is a remote-sensing tool that shows spatial and timing relationships between flows in 
multiple channels over extended time periods. David-Blondeau-Patissier of CSIRO Land and 
Water has an innovative use of Hövmoller plots for the hydrology of ocean currents (Dekker 
2011). This thesis will explore whether a Hövmoller-style plot of water presence along 
pathways of interest across extended time series can be used to investigate changes to 
water movement patterns on the Confluence. 

In addition to the technical challenges, there are challenges relating to socio-hydrology for the 
Confluence, which will be discussed in detail in Chapter 4. 

GAP: For historical reasons, there has been low Australian Indigenous involvement in 
hydrology studies around the Confluence to date, even though local populations need a 
deep understanding of water patterns for their survival. Pre-European and post-Settlement 
perspectives have not often been considered in long-term hydrology studies of the 
Confluence; return benefits have not always been clearly identified or delivered. 

OPPORTUNITY: There are Indigenous Elders willing to share Indigenous Environmental 
Knowledge about water patterns on the Confluence at a publicly-available level, if 
appropriate ethics and integration methodologies can be applied. In addition, there are 
historical records and present-day residents also willing to share their local knowledge. 
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3.3 Research Questions for the Nguku/KaRirra-Cooper Creek/Wilson River Confluence 

The opportunities can be combined into an overarching hydrology Research Topic: 

CAN REMOTE SENSING BE USED TO DETERMINE IF THERE HAVE BEEN ANY 
CHANGES TO FLOW DISTRIBUTION PATTERNS ACROSS A HEAVILY 
ANASTOMOSED TEMPORARY RIVER FLOODPLAIN (THE NGUKU/KaRIRRA 
CONFLUENCE) OVER THE SATELLITE RECORD TIME, AND IF YES, CAN WE 
ATTRIBUTE REASONS FOR THEM? 

Four hydrology-based Research Questions have been derived from the Research Topic, all 
specific to the Confluence Case Study but answering them will require the development and use 
of methods that are generally applicable to other complicated river reaches: 

1. Is Community knowledge of local floodplain hydrology consistent with observed 1986-
2017 flow behaviours? 

a. Is flow distribution consistent with Community Knowledge of water pathways? 
This question relates to how the community (pastoralists, townsfolk etc) 
expects channels to fill and dry out for a given rainfall or dry flood. 

b. Is observed persistence of water bodies consistent with Community Knowledge 
of seasonal and permanent water sources? This question relates to how long 
the community expects waterholes to last in the absence of rainfall or dry flood. 

2. Are current human impacts (especially mining infrastructure, impact of grazing, 
construction of roads) having quantifiable effects on water distribution patterns? 

This question relates to whether specific human activities are leading to 
quantifiable objective changes in water distribution, as described subjectively by 
the community. 

3. Is Indigenous Knowledge of local floodplain hydrology consistent with observed 1986-
2017 flow behaviours? 

a. Is flow distribution on the floodplain consistent with Indigenous Knowledge of 
water pathways? This question relates to how Indigenous Stories describe 
where water travels across the landscape (water distribution patterns). 

b. Is observed persistence of water bodies consistent with Indigenous Knowledge 
of seasonal and permanent water sources? This question relates to how 
Indigenous Stories describe locations where there are reliable sources of water. 

4. Is the current water landscape congruent with historical and modern Indigenous 
environmental knowledge of water? 
This question relates to how Indigenous Stories and modern Indigenous knowledge 
describe the relationships between water paths and locations, and the dry parts of the 
landscape.  
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3.4 Answering the Research Questions 

Section 3.1 listed five steps that this thesis will follow in its Research Approach. 

Sections 3.2 and 3.3 have covered the first step of the research approach by looking at the 
challenges and knowledge gaps across three main technical areas (in addition to the socio-
hydrological challenges to be elaborated in Chapter 4), and proposing tools to address them: 

 

3.4.1 Perceptual & Conceptual Models of the Study Area 

The second step of the research approach breaks down the “complicatedness” of the floodplain 
into a location-specific perceptual model and a geography-independent conceptual model. 

The perceptual model (Figure 3-1) is used to structure literature review, and determine the 
range of basic processes and data that need to be collected for the Confluence. Idealised 
datasets and tools are identified, although it is acknowledged that the Confluence only has 
sparse climate and hydrological datasets available. 

        
Figure 3-1 Confluence Study Area Perceptual Model – a basic representation of the 
floodplain structure annotated with available data and directions of water movement. 

To broaden the application of the research beyond one geographic location, the perceptual 
model is converted to a conceptual model (Figure 3-2), independent of geography. The literature 
review and data search are widened to include mechanisms and information sources that relate 
to floodplains and multi-channel systems generally. The conceptual model is used to coordinate 
the three major research inputs: remote sensed and quantitative data; observational 
information from field work; and social hydrology investigations (including of Indigenous 
Environmental Knowledge) through interviews and historical research.  

LEGEND 
ET   Evapotranspiration 
GW Groundwater 
H     Humidity 
IEK Indigenous 
       Environmental 
       Knowledge 
P     Precipitation 
PF   Parafluvial flows 
NDVI see Ch 7 
Q    Discharge 
RS   Remote sensing 

General community 
knowledge (social 
hydrology) 

IEK 
(Indigenous 
hydrology) 

Benefits to general 
community 

Benefits to Indigenous 
communities 
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Figure 3-2 Confluence Study Area Conceptual Model - independent of geographic detail, with 

input/output data sources. 
 

3.4.2 Collection of Quantitative and Qualitative Data 

The third step in the research approach is the collation of existing data for the Confluence. 
Quantitative data for the Confluence included: weather and climate records, hydrographs and 
river stage records, satellite spectral data, fieldwork observations, historical researches, and 
interviews including with Indigenous Elders about their lived experience of the Confluence. 
Chapters 5, 6, 7, 8 and 9 contain full details of collated data used in each. Appendix A1 contains 
interview packages, and Appendices A2 and A3 contain Indigenous and historical backgrounds. 

Two field trips and one overflight were carried out. Table 3.1 lists the data collected and its 
intended usage. The fieldwork collected physical site data about the water, sediments, 
vegetation, and general geography of the Confluence during June 2013 (mid-winter, 
approximately 5 months after a moderate summer flow), and January 2014 (high summer, 
immediately before a flow and approximately 12 months since the last flow). The overflight of 
the south west of the Confluence occurred within 48 hours of a major local rainfall event in May 
2016, allowing photographs and aerial observations of flooding around key waterholes even 
though all access tracks were closed. See Appendix A4 for full details of the fieldwork 
observations   

LEGEND 
ET Evapotranspiration 
GW Groundwater 
IH Indigenous 
Hydrology 
P Precipitation 
Q Discharge 
RH Relative humidity 
SH Social Hydrology 
T Temperature 
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3.4.3 Development of Descriptive and Visualisation Tools 

The fourth step in the research approach creates tools to systematize and visualize multi-decade 
flow patterns and vegetation responses on the Confluence, as listed below: 

 Standardisation of the nomenclature for describing multiple channel systems, as 
different disciplines have different definitions; this thesis uses the standardized 
meanings in the Glossary. 

 Description/characterisation of the landscape using physically meaningful components; 
Chapter 6 presents the Landscape Unit tool. 

 Description of anastomosis within a drainage network; Chapter 6 explores extensions to 
the Strahler Order, Shreve Magnitude and Topological Dimension hierarchies. 

 Differentiation of water in an area where spectral signatures of water, vegetation and 
bare sediment are not easily separated; a three-way classification index is presented in 
Chapter 7. 

 Characterisation of water feature behavior, in particular the persistence of waterholes; 
Chapter 7 demonstrates a three-way quantitative classification scheme to assign 
permanent, intermittent or ephemeral status to waterholes. 

 Visualisation of ground state along a flow path or transect, over a multiple-decade 
period; Chapters 8 and 9 use “Ribbon Plots” to analyse water and vegetation patterns 
over the duration of the Landsat record, and to quantitatively detect changes to those 
patterns. 

The implementation challenges included: identification of surface wetness (dry/wet/inundated) 
using spectral information and indices; representation and interpretation of individual 
anastomosing channel data at an appropriate scale; and integration of Landsat TM/ETM+ and 
OLI sensor data. Field work challenges included access difficulty, especially in wet periods, to 
check image ground truths. 
 
3.4.4 Determination of Patterns and Change – Answers to the Research Questions 

The fifth and final step in the research approach is to apply the new description, classification 
and visualization tools to tell the story of water distribution patterns and changes in the 
Confluence Case Study area, in the process answering the (paraphrased) Research Questions: 

1. Is Community knowledge of local hydrology consistent with observed flows? 
2. Do human activities have quantifiable effects on water distribution? 
3. Is Indigenous Knowledge of local hydrology consistent with observed flows? 
4. Is the current water landscape congruent with historical and modern IEK? 

This Chapter has described the objectives and motivations, Research Approach, Research Topic 
and Questions, and the perceptual and conceptual models that underpin the project. The next 
two Chapters will explore Indigenous knowledge about water and the ethical and cultural issues 
associated with accessing that information. 
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Table 3.1 Field Work Observations, Including Reasons, Methods, and Usage. 

OBSERVATION REASONS METHODS USAGE 
Ambient 
conditions 

Comparison with BOM satellite 
and interpolated weather 
products for the same 
date/time, to get estimates of 
BOM accuracy and errors. 

Portable weather station, ideally timed to relate to at least 
one satellite overpass (Landsat 5/7/8) to provide a direct 
comparison. 
Readings for: Air Temperature degC, Air Pressure hPa, 
Humidity RH%, Wind speed m/s and direction. Qualitative 
estimates of Rain and Duration, Cloud cover octas. 

Establishing quantities and uncertainty in 
model inputs for precip, temp, ET. 
Interpretation of image anomalies. 

Depth/ 
temperature 
logger data 

Water presence, depth and 
discharge estimates at currently 
unmeasured locations. 

Installation of Oddysey loggers, at significant waterholes, 
along ephemeral channels. Preferably during low-flow time, 
to capture range of flows. Locations selected from imagery 
and access maps. 

2-4 years of measurements on flow and 
persistence at selected locations, which have 
been chosen to represent range of 
geographical and physical attributes. 
Comparison with existing BOM gauged data 
at upstream/downstream extents to estimate 
flows on the floodplain. 

Water quality 
and physical 
properties 

Variations may suggest hidden 
mixing. 
Water quality will affect 
vegetation response. 
Variation over time/seasons (2 
field trips). 

GPS location, water depth (estimate if required). 
Multimeter water quality: Temp, pH, DO, EC Salinity, TDS, 
Turbidity, N, P. 
Properties: colour (from chart), Smell. 

Improved interpretation of imagery. 
Determination of seasonal changes that may 
be relatable to other environmental 
responses. 
Nutrient values only if suitable probe and 
meter available. 

Current water 
discharge, level 

Estimation for water balance 
and flow calculations. 

Staff and current meter (or a “calibrated orange”) 
USGS Qest =S(area interval est x v interval est). 

Establishing quantities for model inputs and 
comparison outputs. 
Determining empirical discharge-
sinuosity/width relationship. 

Site vegetation Adjustments to BOM ET 
product for surface conditions. 
Understanding daily, seasonal 
and spatial changes in 
variations. 

Site sample points at random distances 0-50m along 
transect, quadrat 2mx2m. 
Qualitative data including: General appearance eg treed, 
scrubby, grassy, bare, algae; estimate of range of 
vegetation visible in quadrat (total 100%); counts for major 
types of plants ie 
tree/shrub/grass/creeper/flower/cactus/algae/ if 
appropriate. 
Plant samples and photos for identification in Melbourne. 
Example: “SCRUBBY 10% BARE/90% GRASS, 1 ACACIA.” 
Approx 5-10 min/sample quadrat including photo. 

Interpretation of image responses especially 
vegetation vs moisture/water; correlate crop 
scanner spectra at sample points. 
Adjustment of ET and uncertainty estimate. 
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Crop Scanner  Ground level vs satellite values, 
for calibration and uncertainty 
estimates. 

Multispectral Radiometer - Crop Scanner MSR16 at 
460nm/560nm/ 660nm/760nm (corresponding to Landsat 
5/7/8 and MODIS blue-green, green, red and NIR). 
See Appendix 2 for Matlab post-processing. 

Comparison of ground and satellite spectra 
for a given time/place will indicate pixel 
accuracy and uncertainty estimates. 

Sediment 
sampling 
(in channel) 

This sediment will be exposed 
when dry, and gives 
information on carrying 
capacity and sediment source. 
Estimate of bed composition 
will help with flow calculations. 

GPS location, % across channel from left, description, slope 
m (using GPS heights). 
Physical properties estimated from charts: colour (Munsell), 
stoniness (estimate of pebble count, % sizes), mottling, 
dispersion, structure, ribbon test (mm), soil texture and 
grade, and estimate of Manning’s n from channel 
characteristics. 
Core samples and photos for assessment in lab. 

Improved interpretation of imagery. 
Determination of sediment variations that 
may be relatable to other environmental 
responses. 
Estimation of Manning’s n at a range of 
locations, and variations over Confluence. 

Surrounding soil 
observation 
(outside channel) 

Imagery of this sediment 
requires knowledge of its 
properties for proper 
interpretation. Sediment 
properties will also affect 
vegetation response. 

GPS location and site description. 
Properties from charts and meters: colour (Munsell), 
stoniness, mottling, dispersion, structure, ribbon test, soil 
texture and grade, soil moisture and temperature ºC. 
Bag/core samples (also suitable for seedbanks) and photos 
for assessment in lab. 

Improved interpretation of imagery. 
Determination of sediment variations that 
may be relatable to other environmental 
responses. 

Interview – 
general 

Qualitative information about 
flow and weather patterns can 
plug the scientific data gaps. 

Farmers keep their own river and weather records which 
they may agree to share. Santos has a qualitative flood 
system in place using MODIS imagery and a small number 
of river depth monitoring locations. See Appendix 3 for 
interview format. 

Non-calibrated information may be available 
that describes flows between calibrated 
(BOM) data points. 
Local knowledge may reveal areas of anomaly 
for followup. 

Interview - 
indigenous 

Inclusion of qualitative 
information from a different 
perspective. Respectful 
recognition of traditional 
custodianship. 

Indigenous process/ relationship-based wisdom rather than 
“scientific” event/location-based data about flow and 
weather patterns could assist with a regional approach to 
floodplain dynamics. See Appendix 3 for interview format. 

Indigenous ecological knowledge may provide 
guidance when interpolating sparse 
measured data, and may reveal long-term or 
subtle interrelationships of flow and 
response. 
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CHAPTER 4 – INDIGENOUS ENVIRONMENTAL KNOWLEDGE AND 
LANDSCAPE INTERPRETATION 

In preparation for researching diverse lived experiences of the Study Area, this 
Chapter explores the relationships between academic and Indigenous knowledge 
management systems, and discusses researchers’ ethical and cultural positioning 
within their system(s). I develop a Worldview Methodology to identify points of 
commonality and difference, particularly as they may apply to water. 

Indigenous Readers are reminded that this Chapter contains names of deceased persons. 
 

The Indigenous Stories in this thesis have been provided willingly by Knowledge 
Holders representing the Traditional Owners and Custodians of the inland 
Australian regions under study, and remain their property. The publication of these 
openly-available (not secret or sacred) Stories does not diminish any sovereign 
rights over Country, and their future dissemination is subject to ongoing 
acknowledgement of the Traditional Owners’ and Custodians’ ownership of the 
content therein. Aboriginal and Torres Strait Islander people are warned this 
Chapter contains names of deceased persons. 

 

4.1 What is a Chapter Like This Doing in a Hydrology Thesis? 

It is rare for technical environmental studies to begin with opening paragraphs like the ones on 
the thesis declaration page 0-3 (repeated above), underscoring some of the differences between 
the paradigms of Australian Indigenous culture and Western scientific or engineering 
endeavour, which typically does not incorporate Indigenous content. This Chapter will examine 
my personal journey to articulate why, and propose a process to bring the paradigms together. 

This Chapter is written for engineers and scientists of non-Indigenous background, who wish to 
include Indigenous Environmental Knowledge (IEK) and other experiences in their investigations. 
It follows my personal journey towards this objective, including the self-reflection and 
repositioning of my own perspective, and consideration of ethical and moral issues. It is also 
written for the Indigenous groups who shared Stories on the theme of water, and my remote 
sensing and historical findings will be presented to their communities to strengthen how IEK and 
other knowledge can be used towards common goals of stewardship. 

My approach, from an environmental engineering perspective, has its ethical position drawn 
from a recognition that there are communities whose voices have historically been muted in 
technical and economic discussions on infrastructure development (Jackson 2006). In particular, 
I became aware how little I knew about Australian Indigenous cultures. I was disquieted by my 
schooling in Queensland in the 1970s, by the official disregard towards Indigenous knowledge, 
but several teachers alerted me (and my classmates) to other perspectives. Consequently, one 
of the objectives for my multi-disciplinary Case Study of the Nguku/KaRirra-Cooper 
Creek/Wilson River Confluence is to incorporate a broad spectrum of human experiences in 
interpreting technical data, including IEK. 
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In the context of this thesis, my starting point was curiosity about placenames – were they used 
by the pre-European inhabitants and did they have meanings that could be relevant to 
hydrology? Was there information about linkages between water features, and their persistence 
during dry times? Historical researches and conversations with current Traditional Owners and 
Custodians revealed a richness of water-related cultural information and IEK. Together with 
other social hydrology information (from interviews with pastoralists, townspeople and mining 
employees, and published subjective assessments), I have attained an understanding of my Case 
Study area’s response to water, over time periods well exceeding the available satellite record. 

This Chapter aims to illuminate some of the issues between Indigenous and technical 
communities more generally, and provide a methodology to address them. Although this thesis 
is based on a geographically-specific Kati-Thanda-Lake Eyre Basin example with the focus on 
Australian Indigenous perspectives, the Worldview methodology can be applied to any 
combination of diverse groups and cultures. 

As expectations in Australia and around the world grow for the inclusion of Indigenous 
perspectives into technical studies, the methods in this Chapter can assist in better 
communications between diverse groups, and improved recognition of diverse voices. 

 

4.2 Paradigm Differences between Indigenous Australia and Environmental Science 

The First Peoples’ National Water Summit identified a requirement to “build Australia’s First 
Peoples’ capacity to participate in water planning and management, including recognition of 
Indigenous knowledge of water systems…”(pg 2)(FPWEC 2012). One major impediment to 
achieving this is the fundamentally different basis on which Indigenous knowledge, particularly 
environmental knowledge, is built and maintained. 

Academic and scientific methods, tools and applications are based on the “scientific method” 
paradigm as commonly understood in an academic, English-speaking, largely Judao-Christian 
world, broadly summarised in Figure 4-1. But other paradigms, or worldviews, exist. 

 

  

Figure 4-1 Western Worldview 
Chart. David Miller claims that 
“rational scientific thought” led 
to the pre-16th Century unified 
view of the world - with Nature as 
“God’s Plan” (within the circle) - 
developing out into separate and 
thus fragmented branches of 
knowledge leading “outwards”. 
(Morgan, 2004b after Roberts, 
2001). Source: 
http://www.firstfound.org/david
% 20miller.htm downloaded 20 
October 2017. 
 



CHAPTER 4 – INDIGENOUS ENVIRONMENTAL KNOWLEDGE AND LANDSCAPE INTERPRETATION 
 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page 4-3 
 

The Australian Aboriginal worldview is an alternative, coherent, functional and adaptive way of 
describing environment and ecology that in some ways better reflects their interconnectedness, 
using language keyed to their experienced environment. Australian Indigenous hydrological and 
climate knowledge is based on a worldview that focuses on processes and relationships rather 
than events and locations (Jackson 2006, Cathcart 2009, Gibbs 2009a, Gibbs 2009b). 

More specifically, Australia’s dryland (arid and semi-arid) landscapes, with their ephemeral 
water features, complicated drainage networks, and unique biology, present many challenges 
to environmental sciences such as hydrology. An alternative perspective on these systems can 
be found through IEK which relates a landscape’s flora and fauna to seemingly isolated water 
sources via geographical and ecological (and social) information. 

The holistic nature of Indigenous ecological/environmental knowledge (IEK) can offer a useful 
perspective for identifying significant linkages in hydrological systems (Jackson, Tan et al. 2011, 
Hoverman and Ayre 2012). Figure 4-2 illustrates typical linkages for the Arrente of Central 
Australia. Note the centrality of Land including rocks, trees, sites and waterholes, around which 
are placed the interrelated conceptual Human, Physical and Sacred Worlds. 

 

 

Figure 4-2 Arrente Dreamtime Chart. This diagram encapsulates the Central Australian Arrente 
worldview of interacting human, physical and sacred worlds. Note the “inwards-leading” 
linkages for Tracks (“Lang(uages)/cross with each other + strong events+ points”). 
Source: http://aboriginalart.com.au/culture/dreamtime3.html downloaded 20 October 2017. 
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As an example of IEK revealing linkages, recent work in northern Australia has established 
seasonal calendars that recognize relationships between seemingly unrelated ecological events, 
driven by the same higher-order environmental process triggers (Woodward, Jackson et al. 
2012): 

“The seasonal calendar represents a system of resource management and production highly 
attuned to eco-hydrological relationships. The calendar makes these relationships explicit 
and reveals to others the cycle of eco-hydrological cues that signal to knowledgeable people 
when and what is available for harvesting. For example, the flowering of Yeninggisyi (Red 
Kapok, Bombax ceiba) signals that Ewerrmisya (Freshwater Crocodile, Crocodylus johnstoni) 
have laid their eggs. These eggs are then collected and eaten. Significantly, the Ngan’gi 
Seasons calendar reveals that Indigenous people take their cues from some ecological 
observations that fall outside the realm of orthodox scientific knowledge. For example, while 
Ngan’gi people know that the peeling of bark from the trunk of the Ghost Gum (Eucalyptus 
papuana) signals that Bull Sharks in the river are fat and ready to be hunted, ecologists 
looking for ecological linkages and drivers of ecosystem function are unlikely to arrive at 
such relationships. Relationships between observed phenomena could be increasingly 
informative if collaborative efforts continue, particularly in relation to synchronised system 
events that may be triggered by shared, high level, ecosystem drivers. It is possible that a 
clearer understanding of these synchronous events, and their potential for ‘decoupling’ 
under anthropogenic disturbance, can provide new insights and metrics for monitoring the 
impacts of environmental perturbations.” (pg 62) 

However, there can also be ethical and interpretive pitfalls when researchers, Indigenous groups 
and others attempt to share information and knowledge, due to their diverse worldviews and 
systems of knowledge management; these differences are affected by pre- and post-contact 
histories, and ongoing evolution of living cultures. 

Doctor Christine Fejo-King is a senior Larrakia Elder, social work academic and publisher, whose 
PhD explored Indigenous versus academic perspectives. In her 2013 book “Let’s Talk Kinship”, 
Fejo-King used her insider perspective to examine the issues that must be considered: ontology 
(worldview), epistemology (how we learn about the world) and axiology (moral compass) She 
proposes that the inclusion of Indigenous Knowledge in an academic project immediately 
commits the researcher to a lengthy process of self-examination, to ensure its ethical use. In 
particular, she introduces her non-Indigenous readers to the many necessary and/or desirable 
considerations when working with the Indigenous perspective. 

I have elected to follow Fejo-King’s approach and investigate the concepts that need to be 
addressed by an environmental science researcher considering the use of IEK in their project. 
Note that my heritage is not Indigenous Australian, I have no ancestral ties to Australia, and I 
approach the subject as a student of landscape. 

In the remainder of this Chapter, I will describe my own philosophical journey and the 
methodology it led to. Chapter 5 contains a sampling of IEK about water that has been shared 
with researchers, demonstrating how differently the same event or process can be explained 
depending on the perspcective and knowledge management system being used. And in Chapter 
9, I show a specific instance of how knowledge from two systems (IEK and technical metrics) was 
interfaced to gain insight into the Nguku/KaRirra-Cooper Creek/Wilson River Confluence. For 
written conventions and terms used in this thesis, refer to the Glossary.  
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4.3 Knowledge Management Paradigms and Ethics 

4.3.1 Researcher positioning within divergent paradigms 

Researcher positioning within divergent paradigms is an important initial step, comparing 
hydrologist, pastoralist, and Indigenous perspectives as they relate to inland Australian systems. 
Hydrologists generally consider the archetypal river as a continuous conveyer of water (or 
sediment) from a well-watered highland source down an appreciable gradient via a well-defined 
drainage pattern into the sea. But, to quote Somerville: “To think about water in the arid lands 
of inland Australia is to think differently” (pg305)(Somerville, Marshall et al. 2008). Ephemeral 
watercourses in flat arid country do not follow this archetype. 

The extremely low-gradient topography and intermittency of flows leads to disconnection of 
pools along watercourses, and floodouts where channel definition breaks down. Further, 
endorheic systems never reach the ocean. For example, in Australia, the low-gradient Kati 
Thanda-Lake Eyre catchment drains into an inland depression 15m below present sea level, and 
its rivers such as the Diamantina River and Nguku-Cooper Creek have large stretches of 
anastomosis and/or channel breakdown where the typical flows lose their competence to carry 
their sediment loads. Around the world, a quick online check shows similar ephemeral multiple-
channel endorheic river systems in the drylands of Mongolia’s Valley of the Lakes, Death Valley’s 
Amargosa River in the USA, and Lake Chad and the Logone River (Wikipedia 2019). 

In Australia, traditional Indigenous Stories can provide alternative lenses through which to view 
such disconnected river systems. Long-standing Stories held by Indigenous groups have 
persisted because they transmit important information for long-term survival (Piddocke 2009, 
Silcock 2009, Tully 2012, Silcock 2014). IEK incorporates intricate holistic ‘what/when/how’ 
relationships between the land, its geography, flora and fauna, the Ancestor Spirits, and the 
Traditional Owners and Custodians. (Figure 4-2 is one example). The Stories are maintained 
through a knowledge management system using roles and responsibilities based on kin 
relationships; every person has duties to their part of the whole Story (Fejo-King 2013). 

Science often attempts to explain ‘why’ by deconstructing systems into simplified models, 
ideally disconnected from religion, law and politics. (Figure 4-1 illustrates the concept). Sharing 
the strengths of both paradigms could be a powerful combination when studying highly inter-
related natural systems, as they are not easily isolated. 

Jackson has discussed the ‘compartmentalisation’ of Indigenous values in water resource 
management (Jackson 2006) and argues for the recognition of Aboriginal rights, interests and 
values in river research and management (Jackson, Storrs et al. 2005). However, IEK can be 
inaccessible unless the researcher establishes respectful relationships with the Knowledge 
Holders. Even within such a relationship, some knowledge may be no longer fully understood by 
the Knowledge Holder themselves, or remain inaccessible to the uninitiated outsider (and hence 
to publication) either through cultural restrictions or through the researcher’s own lack of full 
context. This is particularly acute when there is a history of traumatic dislocation and cultural 
extinguishment (as discussed in (Silcock 2009), (Ebsworth 2009), and (Tunbridge 1987), amongst 
others). Silcock notes that ‘Much of this knowledge is restricted to oral tradition, and the majority 
is not in the public domain’ (pg 66)(Silcock 2009). 
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Researchers in northern Australia are often working with living cultures, where languages are 
still spoken by multiple generations, where residence ‘on Country’ is ongoing, and where 
Indigenous social and economic structures are still in place; see Figure 4-3 and for example 
(Barber and Jackson 2011). These cultures can exhibit adaptive behaviour, such as the adoption 
of introduced species as culturally significant, which may be at odds with Western attitudes to 
invasive species (Lynch, Fell et al. 2010). In another example, where economically-important but 
common species compete with endangered ones, Indigenous and environmental water values 
can differ greatly on which to target for management priority (Finn and Jackson 2011). 

By contrast, there are areas of inland Australia where connections with Country have been 
largely severed, and languages lost, including for the Wangkumara (Ebsworth 2009); see Figure 
4-3(b). Sometimes the only vestiges are historical recordings, including of spoken words that are 
no longer understood. Linguists, together with Elders who wish to maintain their culture in spite 
of forced relocation off Country and dispersal of community social structures, have been 
salvaging the tacit cultural information contained in the vocabularies, grammars and stories of 
near-extinct languages. In particular, Hercus worked with the Wangkumara and neighbouring 
groups in the ‘Corner Country’, where NSW, Queensland and South Australia meet (Hercus and 
Koch 2009). There are issues of incompleteness, inconsistency, and cultural drift that arise when 
working with extremely disrupted IEK that must be recognised (Tunbridge and Stoecker 1988, 
Hercus and Beckett 2009). 

The replacement of local cultural diversity with European customs and traditions, particularly 
Christian ones, disempowered the Indigenous inhabitants in ‘Corner Country’ by overriding (or 
being unaware of) underlying relationship-to-Country dimensions. Chrissiejoy Marshall writes: 
“Place, while wondrously dense, is also immensely vulnerable because the ongoing life of a place 
happens through the actions of ephemeral living beings…From this starting point, one’s 
responsibilities towards life are most properly understood as responsibilities toward emplaced 
connections.”(pg 313-314) Somerville goes on to discuss how land ownership conflicts have at 
their basis different ways of understanding relationship to land, and that “a (water story) place 
depends on the flow and connections to other places to maintain life”(pg 315)(Somerville, 
Marshall et al. 2008). 

Take an example from the Bulloo, Paroo, Warrego and Nebine catchments, immediately to the 
east of the ‘Corner Country’ rivers. The Western utilitarian approach dominates in 
Queensland’s grazing regions. Farmer workshops on planning for climate variability in 
southwest Queensland focussed on the finiteness of water supply, suggesting water (whether 
from surface or bore sources) should be “switched off”, when a paddock was “not being used”, 
to minimise feral plants and animals. Maintenance of suitable grazing ground cover, strategies 
of harvesting rainfall rather than allowing runoff, and using “excess water” to artificially 
recharge the Great Artesian Basin bores were explored, along with tilling techniques to access 
sub-surface soil moisture and mitigate compaction. The focus was strongly on making the 
ground “productive” to allow farms to remain economically viable, and to attract younger 
generations (Tully 2014).   
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(a) Approximate boundaries and distribution of traditional Aboriginal language groups 
based on Horton’s map, 1996. Source: Horton/AIATSIS/Aboriginal Studies Press/Auslig/Sinclair 
Knight Merz http://www.abc.net.au/indigenous/map downloaded 10 March 2016. 

 

 
(b) Predominant languages spoken by Aboriginal communities in Australia in 2015. 
Source: Our Languages Matter website http://cbhsatsi.weebly.com/languages.html downloaded 
25 October 2017. 

 

Figure 4-3 Maps of Aboriginal Languages. There has been a major shift of languages in use 
since Settlement; the Nguku/KaRirra-Cooper Creek/Wilson River area largely uses English. 
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These word clouds are taken from Tully’s Don’t Camp in the Creekbed report on a 2014 series of 
workshops in southwest Queensland that summarise the concerns of farming communities 
during prolonged drought. Both communities strongly felt “need”. The further west, the higher 
the emphasis on “water”. Augathella emphasised “ground cover”, and to a lesser extent “flood” 
and “droughts”, whereas Thargomindah had a greater concern with “drought”. This 
demonstrates how even similar communities can have different local perspectives (Tully 2014). 

 

     
Figure 4-4 The further west, the greater the emphasis on water. Source: (Tully 2014). 

 

Local Indigenous groups also participated in the climate resilience workshops. In comparison to 
the farmer workshops, they expressed disappointment in current management practices 
including clearing, drainage alterations, construction of roads, and introduction of exotic species 
such as carp. They commented: “…they might be on the land a lot of the time, but some of them 
don’t know how the land works, before they got there” (pg 37)(Day 2014). The main points of 
discussion were how trees and watercourses were dying, and how the mix of plants and animals 
was changing. Proposed management strategies included restoration of natural water flow 
paths, replanting of significant vegetation, and reduction of compaction around waterholes by 
constructing cattle watering points elsewhere. They suggested employing people, specifically 
young people, under the guidance of knowledgeable older people (possibly intended to mean 
Elders), to weed out feral vegetation, rather than using heavy machines. The focus was strongly 
on reconnecting with their Country, and restoring the flora and fauna for their children and 
grandchildren (Day 2014). 

The two southwest Queensland focus group reports were presented separately. The farmers 
called on specialists to engineer scientific and financial solutions to the farmers’ issues (Tully 
2014). Indigenous groups called for greater recognition of their long-term knowledge of their 
Country (Day 2014). But in an era of increased climate unpredictability, it may not be possible 
to merely “follow suit as your ancestors did” to protect the environment in accordance with 
traditional custodial obligations. “We talk about interconnectivity and it is like the whole rivers 
are the veins flowing through the body and you can’t protect one bit of the body without 
protecting the whole body.”(pg 6)(Tully 2012).  

Augathella, 750km inland, 
Warrego River catchment 

Thargomindah, 350km further west, 
1100km inland, Paroo River catchment 
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Gibbs discusses the outcomes of the European/settler “dual war” on Australia’s Indigenous 
population and on nature, particularly privileging of the (Western) idea that nature and culture 
are separate. Incorporation of IEK about interconnectivity of water, animals, plants, and people 
into scientific and financial solutions may reverse this, and lead to better understanding of 
culturally and environmentally important linkages (Gibbs 2009a, Gibbs 2009b). 

The long-standing tendency for Western perspectives to overwhelm and marginalise IEK is 
changing, particularly as holistic approaches to environmental issues are becoming more urgent 
(Jackson 2005, Jackson, Storrs et al. 2005, Barber and Jackson 2011, Woodward, Jackson et al. 
2012). Indigenous knowledge and practice often encode ecosystem information that is not 
visible in reductionist studies of specific components. Mutual projects can be accomplished 
through community-based initiatives, two-way collaborative research, and regional 
management structures that consider alternative worldviews (Jackson 2005), but these 
approaches need to be coupled with an awareness of how IEK differs from, and has adapted to, 
Western cultural influence. 

I have taken the engineering/scientific researcher position that just because it is hard does not 
mean it should not be done. As discussed above, communities sharing the same landscape can 
bring different perspectives and positions, and working with community information (IEK or 
otherwise) requires an awareness of the researcher’s own perspective and positioning. 

 

4.3.2 The influence of Worldviews on the researcher’s ability to understand 

Engineers and scientists need to communicate with a wide range of people and communities, 
and must consider how other opinions and perspectives relate to their own position. We must 
recognise and address the impediments to clear communication about projects that will lead to 
negotiated rather than imposed engineering solutions. 

The first step to dealing with diverse points of view (such as those of the southwest Queensland 
farmers and Indigenous groups described earlier) is to understand one’s own position on the 
spectrum. Table 4.1, Worldviews, compares key characteristics between Indigenous and 
selected other cultural groupings that can impact on a researcher’s ability to incorporate IEK. 
(Other divisions, such as rural, other Indigenous, etc are not considered here, but could be 
explored as required for other projects). The groupings explicitly avoid criteria based on 
nationality, race, religion, sexuality and gender, other than the limitation to Australian 
indigeneity. They are based on my personal experiences of diverse approaches to knowledge 
management, gained through personal relationships and/or formal and informal learnings. I did 
not find similar knowledge-management-system-based groupings elsewhere in the literature. 

Note this table describes communities or cultural groupings, not individuals; a person will 
probably fit multiple categories, but with one predominant. For example, we should not 
assume all Indigenous people live highly traditional lifestyles and will have problems speaking 
English or understanding Western science and technology. Someone who identifies as 
‘Indigenous’ may recognise aspects from the first column (and possibly the second and third), 
but comfortably live as ‘Global urban’ or ‘Academic’. If they are a member of the ‘Stolen 
Generation’ they may predominantly fit the third column (Refugee/Displaced).  
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Table 4.1 Worldviews – personal observations on differences and commonalities between 
different cultural categories. Bolded characteristics are likely to challenge an engineer’s or 
scientist’s ability to understand IEK in its correct context. Those in italics may severely impact 
a person’s ability to retain IEK if they leave their group. 

 
Australian 
Indigenous 

Migratory Refugee/ 
Displaced 

Global urban 
(Western Anglo) 

Academic 
(Western) 

Mobility 
Belonging to 
country. 

Voluntary  Involuntary. Voluntary. Voluntary. 

‘Home’ chosen 
by… 

Derived from 
ancestry, and 
cannot be 
disposed of to 
outsiders. 

Personal/ 
economic 
preference. 

External factors 
(often violent) 
drive flight, or 
forced removal. 

Personal/ 
economic 
preference. 

Personal/ 
academic 
preference. 

Significance of 
relationships 

Relationships 
control language 
and culture. 

Regard for family 
unity. 

Family unity not 
assured. 

Reduced regard 
for family unity. 

Reduced 
regard for 
family unity. 

Cultural 
emphasis 

Community roles 
and 
responsibilities. 

Experiences and 
opportunities. 

Survival and 
maintenance of 
cultural links. 

Economic 
rewards for 
individuality, 
innovation. 

Peer 
acceptance of 
individuality, 
innovation. 

Attitude to 
Elders and 
Tradition 

Nominated Elders 
control. 
Traditional ways 
dominant, 
although Elders 
can create new 
content. 
Elders must earn 
position in 
community, and 
can lose it through 
misbehaviours. 

Limited access to 
elders. 

Reduced and/or 
ossified cultural 
knowledge in 
subsequent 
generations. 

Limited or no 
access to elders. 

Limited or no 
access to original 
culture, desire to 
preserve culture 
as it was at time 
of disruption. 

Reduced respect 
for elders as ‘old-
fashioned’. 

Homogenised 
culture, 
unpredictable 
blend of plural 
traditions and 
innovation. 

Respect for 
elders/experts 
is determined 
by peer 
consensus; 
status may be 
revoked at 
any time. 

Innovation 
vital. 

Attitude to 
language 

Multicultural, 
multilingual norm. 

Multicultural, 
multilingual norm. 

Multicultural, 
multilingual norm. 

Monocultural, 
monolingual 
norm. 

Multicultural 
but only limited 
multilingual 
norm. 

Knowledge 
Ownership 

Community (joint) 
ownership. 

Individual 
(copyright). 

Individual 
(copyright). 

Individual 
(copyright). 

Individual 
(copyright,IP). 

Structure of 
learning 

Continuous reveal 
at different life 
stages, driven by 
hierarchy of Elders. 

Episodic, dis-
continuous if 
stepping between 
different cultures. 

Opportunistic, 
often dis-
continuous and 
often later in life. 

Episodic, 
concentrated in 
childhood, driven 
by experts. 

Episodic 
reveal, 
continuous 
creation of 
knowledge, 
driven by peer/ 
expert 
hierarchy 

Openness of 
knowledge/ 
learning 

Strictly allocated 
by age, status, 
gender, moiety 
etc. 

Some levels open 
to all, other levels 
secret/ sacred to 
initiates only 

In theory, open to 
all. 

In practice, 
economic ability 
plays strong role. 

In theory, open to 
all. 

In practice, 
economic ability 
and politics play 
strong role. 

In theory, open to 
all. 

In practice, 
economic ability 
plays strong role. 

In theory, 
open to all, 
subject to 
intellectual 
abilities. 

In practice, 
economic 
ability and 
politics play 
strong role. 

Main aims of 
knowledge/ 
learning 

Cultural and 
community 
cohesion. 

Social norms, 
self-directed 
sampling. 

Survival skills. Social norms, 
self-directed 
sampling. 

Curiosity, 
satisfying 
sponsors. 



CHAPTER 4 – INDIGENOUS ENVIRONMENTAL KNOWLEDGE AND LANDSCAPE INTERPRETATION 
 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page 4-11 
 

Once the researcher recognises their own expectations, they need to recognise the expectations 
of others. Table 4.1 contains characteristics, highlighted in bold, that are likely to challenge an 
engineer’s or scientist’s ability to understand IEK in its correct context. Those in italics may 
severely impact a person’s ability to retain IEK if they leave their group. The practical effect for 
engineers and scientists is that we may not be able to access valuable IEK because of incorrect 
representation on consultative bodies, or cultural restriction on who is allowed to transmit and 
receive the information. We may also not properly understand what we are told because we do 
not hold (or are not permitted to know) the tacit knowledge to place it in its context, or because 
the origin of the IEK has been lost. 

Participatory methods for eliciting IEK must be used with care (Hoverman and Ayre 2012). Elders 
(who may hold the greatest IEK) are not always on consultative councils, sometimes devolving 
their authority and speaking through nominated representatives. At other times, non-
authorised persons may be providing inappropriate or incorrect Indigenous input, even if well-
meaningly. See, for example, Rothwell’s discussion of the Indigenous consultation process for 
the South Australian Museum’s Ngintaka exhibition, where controversy arose over which Elders 
were entitled, under Indigenous law, to authorise the sharing of Stories and images that some 
considered not openly shareable (Rothwell 2014). 

The transmission of knowledge is performed differently in the Indigenous Australian and 
academic worlds. In the academic research sphere, the environment is treated as an object to 
be studied using concise direct questions, tested via attempted falsification, with detailed 
attribution of all sources, de-identification of all persons in surveys and studies, and free and 
frank exchange of all information (usually in written form). In the Indigenous sphere, one waits 
until the environment, which is considered sentient and non-passive, signals to an appropriate 
Elder that a Story may be revealed to appropriate learners, preferably on-site where the 
knowledge has been generated and using a variety of methods including spoken word, song, 
dance, gesture, and drawing. For example, the arrival of monsoonal clouds signals that a 
particular Yolngu Story cycle is ready to be told (Christie, Guyula et al. 2010). Two quotes are 
particularly relevant, from Blaeser 1996 p19 quoted in (Fejo-King 2013): 

“Knowledge is not given just because you ask for it, you have to be the right 
person at the right time in the right location with the right people. This is the 
total opposite of the western view of access to information.” 

“Stories that are heard are not the same as the silence of the written word.” 

Knowledge may be culturally restricted to male/female, moiety, initiation status, or other 
cultural groupings, which may frustrate the consultation process. Fortunately for water research 
in inland Australia, Wallace (a male) made the observation that although there were placenames 
classed as secret/sacred (for males) and therefore unavailable for inclusion on maps, this was 
‘never the case if the site is a water supply as it had to be accessible to the women and children’ 
(Wallace 1988). It is likely in highly gendered Indigenous societies, the same secrecy applies to 
female secret/sacred sites, but was not recorded by male researchers (Bell 1984, Fejo-King 
2013). It is also possible Wallace was mistaken or his observation only applied to the specific 
First Nation he was working with.  
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A person may have knowledge but not share it if they consider they do not have the cultural 
ownership or right. In Aboriginal society there is a moral imperative to protect Country and 
ensure continuity of ceremony, and external groups can be authorised to step in if necessary 
until the correct groups can re-establish themselves (Gammage 2011). But wars were fought if 
boundaries were broached without authorisation. For example, a neighbouring group may know 
about features on Country neighbouring their own, but will defer to its Traditional Owners and 
Custodians rather than reveal that information themselves (Walsh and Yallop 1993). 
Unfortunately, if the Traditional Owners and Custodians are no longer available, it may be 
difficult to find a culturally appropriate way to retrieve relevant knowledge, including IEK. 

The researcher’s attitude for each of these considerations (relationship to landscape and 
language, knowledge management roles and responsibilities, ownership of knowledge, and 
accessibility of knowledge) will influence how research is carried out and what information can 
be ethically included. Awareness of differences in knowledge management paradigms (as listed 
in Table 4-1) recognises the positioning of both researcher and community members, and 
enables negotiated ethical solutions to any divergent cultural requirements. 

 

4.3.3 The function of Stories 

Australian Indigenous belief considers Creation to be ongoing, driven by the telling of ‘Creation 
Stories’ and ‘Singing of Country’. Ancestor beings created the world, and it is the task of present-
day Traditional Owners and Custodians of the land to ensure the creative process does not stop. 
Hence the deep attachment to Country that is expressed in the struggle for land rights and 
access to sacred sites. A storyline (or Story) can extend across neighbouring groups, each having 
explicit responsibility for their part of the whole. A ceremony or mura (travelling story) can travel 
for many months over long distances, linking Indigenous groups along storylines which do not 
necessarily follow modern river catchment or geographically obvious paths (Hercus 1963-1965, 
Hercus 1967, Hercus 1968, Kamien 1971, Hercus 1971-1972). 

Stories are an excellent way for an oral tradition to record locations, relationships and 
sequences. They can serve many cultural functions (Tunbridge 1987): 
 entertainment and morale-building, preservation of common identity; 
 definition of territorial boundaries and record of historical or ceremonial occurrences; 
 teaching of social institutions, life skills, customs and rituals, and consequences of 

transgression; 
 explanations of natural phenomena, as repositories of environmental knowledge; and 
 knowledge systematisation in the form of maps and route descriptions, and systematic 

descriptions of geographical knowledge categories. 

A single Story may fulfil many functions, and some layers will only be accessible to those with 
sufficient background (or tacit) knowledge (Flood 1983, Bell 1984, Walsh and Yallop 1993). In at 
least one Indigenous tradition, the sharing of Stories takes on a far greater significance than 
mere repetition of a tale (pg xxxv)(Tunbridge and Stoecker 1988): 

‘ “telling (someone) a story” … means simply … “linking (that someone) to the land” ‘ 
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The division into freely-available and secret/sacred is a compromise where some information 
can be shared by all (eg by publication) but deeper levels of understanding remain private. 
Freely-available information may therefore not adequately reflect all known IEK. But entré into 
the secret/sacred is not possible for the uninitiated, and would not be revealable in any case. 
This challenges the norms of academic research, of free and full sharing of all information. 

Stories evolve with events, and events can be interpreted through the lens of existing Stories. 
Placenames can be based on persons, events, descriptions, and historical assignation. Some 
information may be culturally-restricted. Stories containing placenames can drift into using 
modern (introduced) names, or original names may be re-assigned or their meanings lost. 

Chapter 5 examines the functions of Stories further, with examples of how recent cyclones, 
migrations, environmental degradation, and changes in ceremony have been reflected in new 
Story content. It also explores how placenames can include environmental knowledge, but that 
care is needed as even the basis of naming (eg landscape vs feature) may be different. 

In summary, incompatibilities can arise when diverse groups come together, because of 
differences in how they view the world and their place in it, and how they manage knowledge 
and control what knowledge is able to be revealed to outsiders. The importance and functions 
of Stories have been flagged. In terms of Fejo-King’s trilogy of issues, I have covered: research 
positioning and worldview (ontology); and how knowledge is transmitted and received 
(epistemology), including how differences in worldview and knowledge transmittal systems 
between engineers/scientists, and Indigenous communities can impede communications. I turn 
now to ethics (axiology). 

 

4.3.4 Ethics and intellectual property rights 

Researchers who wish to investigate Indigenous Australian themes are normally directed to the 
Australian Institute of Aboriginal and Torres Strait Islander Studies (AIATSIS) Guidelines for 
Ethical Research in Indigenous Studies. These were originally promulgated in 2000, and revised 
in 2009 to update advice on Indigenous recognition, intellectual rights and equity of 
participation. The Guidelines are under continual renegotiation regarding the place of expert 
knowledge (Davis and Holcombe 2010, Smith 2010). The document is both an advisory code of 
conduct and a political statement about recognition and representation. In working to apply the 
Guidelines within the academic environment, there are several considerations regarding the 
Indigenous worldview about knowledge and its transmission, including parity of participation, 
in-situ vs desk-based research, methods of recording the knowledge, intellectual property and 
attribution, gifts vs inducements, and methods of inquiry. At the same time, codification of 
Ethics can lead to an ‘audit’ mindset, which does not properly position the researcher and the 
researched, or address the potential ethical issues that may arise, from planning through to 
publication (Davis and Holcombe 2010). 

Ethical research should aim for parity of participation, in other words, not privileging academic 
knowledge and expectations over Indigenous ones. Smith notes that this requires a change to 
“how knowledge is constructed and used”(pg 62)(Smith 2010). Both researcher/expert and 
Indigenous communities have formed identities that may not have congruent aims. Equitable 
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treatment requires recognition of how the researcher sees their identity, and how this may 
affect how they carry out their work, including the choice of subject and scope, and the reason 
for the research (Smith 2010). 

One relevant effect of privileging one knowledge system over another is the imposition of 
western or academic paradigms, resulting in what has been termed ‘neo-colonialism’. The use 
of IEK to produce benefits for the researchers, their sponsors, or groups other than the 
Traditional Owners and Custodians, can result in its commodification (Davis and Holcombe 
2010). This is at variance with the Indigenous knowledge paradigm summarised in Table 4.1. 
Examples include the publication without owner/custodian consent of secret/sacred knowledge 
(Tunbridge and Stoecker 1988), imposition of European-style impervious territorial boundaries 
that ignore the porous rights-and-obligations-based boundaries of Indigenous groups thus 
misrepresenting Aboriginal relationships to Country (Rumsey in (Walsh and Yallop 1993)), and 
misunderstanding of traditional knowledge, such as Richards’ attempt to fit it into Theosophy 
(Knapman 2011). 

The process of writing down an oral and/or gestural culture will necessarily modify it, particularly 
if language translation is needed, but this is currently unavoidable. With the rise of video 
technology, such as YouTube, future generations may generate peer-reviewed knowledge that 
includes context, gesture, voice, and language patterns - an expansion of the linguist’s 
video/audio recording methodology. 

Intellectual property is a major difference between Indigenous and ‘Western’ paradigms. The 
former is an intricate system of permissions and limitations with ‘ownership’ residing in the 
community. The latter, particularly in the age of Google, embraces free and unrestricted access 
to any and all information at any time, with ‘ownership’ residing in the individual. The current 
Copyright and Intellectual Property legislation, and by extension, Ethics Guidelines, does not 
cope well with either extreme (Holcombe 2010). Academia in particular insists on full attribution 
of sources, correct citation, and open availability (albeit often subject to subscription), and 
punishes unattributed work, plagiarism and secrecy. My compromise here is to accept 
authorship of an academic dissertation and ownership of technical work, but include 
introductory paragraphs making clear the ongoing ownership of the Indigenous content. 

We must recognise and accept there may be levels of knowledge that do not get shared for 
cultural reasons, particularly ceremony or gender-specific information. The AIATSIS graded 
Access and Use Policy is one solution (AIATSIS 2018). AIATSIS holds extensive collections of 
published and unpublished historical and contemporary written and audiovisual cultural 
material. Access to its unpublished holdings is classified as Closed (specific community 
permissions required for access), Open for Private Study (and copying/publication subject to 
specified community conditions), and Open. AIATSIS assigns a classification when material is 
deposited, ideally using the donor’s conditions, but much historical material has been classified 
Closed pending future community review. Communities can also request reclassification. 
Approximately half the unpublished holdings are Open for Private Study, and a further third 
Open. So over two-thirds of AIATSIS resources are inaccessible or unpublishable without specific 
community permissions, which can be difficult to obtain if key people have died. This project 
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focusses on freely-available levels of IEK (Open, or previously published) to minimise any access 
restrictions on results. 

An interesting distinction in Indigenous research is between that conducted at a desk, collating 
data collected by others, versus that conducted in the field, on multiple or extended field trips. 
The former is cheaper, more efficient, and easier to defend academically. The latter can be 
expensive, less focussed, and difficult to demonstrate rigour, but it fits better with the 
Indigenous knowledge management paradigm discussed in Table 4.1. It is also better regarded 
by Knowledge Holders as they can impart IEK in its correct cultural, seasonal and physical context 
(Christie, Guyula et al. 2010). 

Ethics Approval normally requires de-identification of interviewees, and promotes a large 
number of interviewees to gain a broad response. However, in the Indigenous world, correct 
attribution is a vital part of provenance of knowledge (Fuller, Norris et al. 2014). Additionally, in 
sparsely-populated areas it can be impossible to de-identify interviewees due to low number of 
residents (pastoralists, fly-in-fly-out workers and so on) and close-knit social structures. It should 
be noted that even the most rigorously applied Ethics process can still go wrong, as in the earlier 
South Australian Museum Ngintaka example (Rothwell 2014). 

There is a growing acceptance of naming Indigenous Knowledge Holders who share their IEK 
with researchers (Holcombe 2010). There are two ethical issues: de-identification does not occur 
(as discussed above) and names and images of deceased persons are offensive in many 
traditional Indigenous communities. In the short term, Knowledge Holders may be comfortable 
with attribution but when they pass away it leaves the written record in an awkward situation. 

A suggested compromise provides an introductory warning that the publication may contain the 
names of deceased persons, as (for this project) the Elders had indicated it was important that 
future generations knew the source of the Indigenous information. I have not seen this ethical 
aspect explicitly addressed for the still-living who are able to express their wishes, but it appears 
frequently in historical researches. Further protection and future-proofing for Indigenous 
readers of a publication could be provided through the [#] numbered format for citations, as a 
reader has to deliberately consult the References section for author names. However, for this 
thesis, the Elders wanted correct attribution so I use the [Author Year] referencing format. 

The offering of inducements is seen as a distorting influence in the Ethics process. But in 
Indigenous societies, cultural protocol requires gifts be given to demonstrate respect (Fejo-King 
2013). A suggested compromise is to minimise costs and inconvenience to the Knowledge 
Holders by visiting at a time and place convenient to them, possibly contributing towards a 
shared meal. 

The Ethics Approval process asks for the predefinition of interview questions. But in aboriginal 
society, asking questions is seen as disrespectful; knowledge is shared by allowing the Elders to 
unfold the Stories at their own time and place, keeping quiet, and not interrupting particularly 
with questions (Christie, Guyula et al. 2010). My approach developed an Interview Sheet for 
interviewees to read in advance, which was then used to guide a broad exploration of responses 
during multiple meetings. This approach allowed for ‘thinking time’ and open-ended Elder-
driven discussion (Fejo-King 2013). 



CHAPTER 4 – INDIGENOUS ENVIRONMENTAL KNOWLEDGE AND LANDSCAPE INTERPRETATION 
 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page 4-16 
 

Part of the Ethics application process asks the applicant (researcher) to justify what they are 
looking at and why – the motivation for the research. Motivations have changed over the 
decades. Shortly after the arrival of Europeans, amateur anthropologists and collectors treated 
Indigenous Australians as exotic victims – a primitive dying race whose culture needed to be 
recorded before it disappeared or was assimilated. As far back as 1902 there was recognition 
that IEK could contain scientific or otherwise useful information (Knapman 2011). More recently, 
the motivation has been to find common ground for ongoing coexistence with mining and other 
developments (Bark, Garrick et al. 2012, Hoverman and Ayre 2012). Indigenous researchers have 
also taken on the challenge to work with, preserve and pass on their history and cultures 
(Ebsworth 2009, Kerwin 2010). 

The motivations of the Knowledge Holders also may vary. Some will be willing to share their 
Stories for future generations of their own descendants or indeed all interested readers 
(Tunbridge and Stoecker 1988). Some will want to record what remains of a disrupted culture 
for future rebuilding (Huggonson 1990). Some may ‘fill in the gaps’ in their actual knowledge to 
satisfy the questions of researchers or to be perceived as more knowledgeable than they really 
are, including taking things out of their geographical or cultural context (Hercus, personal 
comment). Some will put Stories into the public domain, to establish their provenance against 
future challenges (Ebsworth 2009). And, as Chapter 5 will show, sometimes Story systems may 
be adapted to contemporary events, social changes. and environmental conditions. 

Davis writes “In the contexts of ethical practices around the research engagement, we now must 
consider the complexities in the meeting of Indigenous and non-Indigenous voices, claims and 
rights” (pg 7)(Davis and Holcombe 2010). Fejo-King discusses how ‘etic’ research (objective 
observation of the ‘other’) is less respectful than ‘emic’ research (where the researcher gains 
understanding from within the specific cultural system (Fejo-King 2013)). My philosophy was to 
empower the Indigenous Knowledge Holders in their communication with academic engineers 
so they can say “We have information you need” rather than be treated as study subjects (pg 
12) (Fejo-King 2013). 

Previously researchers had heard local aboriginal stories about the Nguku/KaRirra-Cooper 
Creek/Wilson River Confluence in the early 2000s but did not record them (Nanson 2012). Other 
researchers reported pressures on traditional Custodians resulting in gender-controlled 
differences in IEK and water usage, and a gradual loss of IEK (Watts 2008, Jackson, Tan et al. 
2011, Hoverman and Ayre 2012). 
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4.4 Casting the Net Wide in Aboriginal Circular Research 

As an Indigenous researcher working simultaneously in the traditional and academic spheres, 
Fejo-King developed methodologies for dealing with multiple worldviews. For gathering project 
information, Fejo-King proposed analogies of casting a fishing net wide, and selecting what to 
keep from what was captured, and spiral thinking (or drilling down) to increased detail. For a 
project involving multiple worldviews, this describes a more open approach to information-
gathering than the standard linear academic sequence of Subject Overview-Methods-Data-
Results-Discussion-Conclusion (Fejo-King 2013). 

The collection, interpretation, and incorporation of IEK in a technical research project needs to 
acknowledge at least the paradigm differences enumerated in Section 4.2 and the perspective 
and ethical considerations in Section 4.3. At a minimum this necessitates framing the task as 
sharing and exploring IEK with the Indigenous Knowledge Holders, and providing a concomitant 
return. This Section describes how I approached the task. 

In preparation for applying technical tools to community and Indigenous lived experiences, I 
used Fejo-King’s five-stage circular research cycle of “casting the net wide” with the local Settler 
and Indigenous communities, and winnowing relevant information in an ever-more-detailed 
spiral thinking approach (Fejo-King 2013). See Figure 4-6. The concept also neatly relates to the 
idea of weaving a multi-cultural multi-disciplinary network (IEK, socio-hydrology, technical 
research) to capture information about water in a landscape (Figure 4-5). 

 

 
Figure 4-5 Indigenous and Settler sharing the making of a net. Michael Crain (Settler) takes 
instruction from Uncle Tiriki Onus (Yorta Yorta/Dja Dja Wurrung) at the University of 
Melbourne Dookie Agricultural College Campus Open Day 22 September 2019. Photograph 
by D.Kucharska. 

The first stage in the spiral cycle was a detailed introspection by the author on why the net was 
to be cast wide and in which directions– what was the purpose behind the work, how would it 
be used, what specific additional value would IEK add to the project, and what would be 
returned to the Indigenous Knowledge Holders and their communities in return. As research and 
interviews progressed, I repeatedly returned to this stage to recalibrate my worldview and 
position.  
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Figure 4-6 Spiral Thinking and Aboriginal Circular Research. Although the original referred to 
social work, this thesis applied it to technical hydrological work. Source: Figure 4 Spiral Thinking 

and Figure 5(redrawn) Aboriginal Circular Research, taken from (Fejo-King 2013) 

The second stage was to gather existing information about the study area through a review of 
the literature (both academic and grey), including Indigenous Stories, and satellite remote 
sensing and other quantitative data. Importantly, it also included historical and social 
information about the Indigenous cultures, explorers and settlers of the study area. Initially this 
only involved the KaRirra-Wilson River region, but was later extended as far afield as Mt Isa and 
the Flinders Ranges. 

The third stage was to talk with local residents and Indigenous representatives. General and 
Indigenous-specific Ethics Approvals were obtained and interview sheets developed. This 
process was completed after identifying an initial set of community and Indigenous contacts, 
but prior to starting work on the community and Indigenous components. The Approvals took 
several iterations, particularly for the Indigenous Approval which included educative stages for 
researcher, supervisors and the Ethics Committee alike. For example, I found myself explaining 
that not all Elderly people are Elders and not all Elders are Elderly (where ‘Elderly’ is a specific 
target group requiring protection under the University’s standard Ethics process). (See Appendix 
1). Interviews were carried out during 2013-2016, on site during fieldwork where possible. After 
an extended period of introductions and personal relationship-forming, some key Indigenous 
Knowledge Holders chose to share conversations about their Country, with a mutual exchange 
of information and photographs, and discussion about how the research could help in the 
maintenance of their cultural heritage. 

The project included several field trips, some onsite, some to where cultural material such as 
artefacts, maps and old documents, were stored, and some to mutually arranged meetings. I 

------------- 
HYDROLOGY 
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communicated with 100% of the (six) (non-Indigenous) station managers, and the nominated 
Knowledge Holders for the Indigenous communities as confirmed through their public contact 
persons. Although I could not visit the remote sites with Knowledge Holders, we met in person 
at their convenience and shared photographs and experiences, and followed up by emails and 
telephone. For both Indigenous and non-Indigenous groups, I used my Interview Sheets as 
guidance and accepted interviewee-led discussions, later winnowing relevant information from 
my notes. My Ethics Approval does not cover payment, reimbursement or reward for 
participants. However, due to the multi-day and sociable nature of my visits, the cost of meals 
was shared. 

For my thesis work, I explicitly limited my scope to IEK that was not secret/sacred or culturally 
sensitive. I consciously strived to avoid taking sides in cultural disputes. As an environmental 
engineering researcher, I looked at two Indigenous Stories that have been said to intersect, and 
proposed observable or measurable reasons why they are separate. I do not claim that any of 
the versions are wrong, because in living cultures, Stories evolve and individual storytellers 
adjust them depending on their personal knowledge, experience, and judgement (Tunbridge 
and Stoecker 1988). I am not privy to the cultural contexts or deeper levels of meaning which 
may clarify a Story’s validity and/or a storyteller’s credentials (Holcombe 2010). Fundamentally, 
they are not my Stories to judge. Specifically, the Wangkumara have been “forced to negotiate 
a space within the Australian nation from a place of constructed cultural extinction” (pg 5)(Davis 
and Holcombe 2010); this project adds to their ability to defend their Story without impugning 
other groups. 

Following ‘casting the net wide’, the fourth stage selected individual threads of Settler and 
Indigenous lived experience for further investigation. Chapter 5 presents a range of Stories of 
water. Increased details for a selection of lived experiences generated by subsequent iterations 
of the spiral cycle is reflected in Chapters 8 and 9. 

In the fifth and final stage, the information and the outcomes of its analysis were written up and 
circulated to all contributing parties. Reviews, particularly by the Indigenous Knowledge Holders 
to protect their intellectual property, were conducted. If there was insufficient information or 
understanding, the cycle was repeated, resulting in a much longer but ultimately much culturally 
richer investigation, compared to a straightforward technical hydrological study. 

With reference to Figure 4-6, the Indigenous part of this thesis made conscious (although 
probably not perfect) effort to understand Aboriginal ways of knowing, being and doing, albeit 
from an outsider’s perspective. The thesis strove to avoid privileging one knowledge 
management system over another, and did not judge validity of Stories, thus attempting to apply 
a decolonising methodology. The Ethics Approval process identified and specified the use of 
culturally safe methods. For new knowledge, outcomes included a non-judgemental list of 
objective differences between the two versions of a Story and a technical assessment of a Story’s 
hydrological content over time, in the context of a changing landscape (see Chapter 9). The 
Indigenous Knowledge Holders were informed of the outcomes by email and post, as flooding, 
health circumstances and the Covid-19 pandemic of 2020 prevented the previously-arranged 
face-to-face exchanges of project outcomes during the closing stages of thesis preparation.  
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4.5 Conclusion 

This Chapter has set the social and Indigenous context, and presented the cultural and ethical 
background, for an examination of Indigenous Stories from a hydrological perspective. Following 
Fejo-King’s Aboriginal Circular Research approach and incorporating ‘casting the net wide’ and 
spiral thinking, the ontological, epistemological and ethical issues associated with accessing the 
Indigenous perspective were examined. 

A Worldview Methodology framework has been presented to determine points of commonality 
and difference between worldviews, and the differing cultural drivers and philosophies of these 
worldviews have been discussed. This framework can assist in developing mutual understanding 
and sharing of knowledge, and can be extended to cover any cultural groupings and incorporate 
any significant characteristics. This Chapter also explored the divergent knowledge management 
systems with regards to academic convention and the cultural sensitivities of revealing 
increasingly “private” levels of Indigenous knowledge. Ethics Approval requirements were laid 
out, even though only public-domain information held by museums and libraries and publicly-
available non-Secret non-Sacred information from Indigenous representatives is used in this 
thesis. 

Approaching the KaRirra-Wilson River from multiple perspectives (the disconnected ephemeral 
watercourse of the hydrologist, the unpredictable resource of the Settlers, and the living 
landscape of the Indigenous Traditional Owners and Custodians) reveals technical, ecological, 
geographical and human aspects that must be considered together to successfully manage for 
the environment. IEK can provide pointers into what is significant, but only if we look carefully 
at the right Stories. In a shared management environment, this requires Traditional Owners and 
Custodians, and their Knowledge Holders, to understand what needs to be revealed, when and 
to whom, to enable good quantified decisions to be made. It also requires scientists and 
engineers in particular to want to learn about the system they are operating on, including 
recognising multiple ways of understanding it, not just a narrow technical outcome. The inter-
relationship between ecological, economic, social and cultural aspects of water is particularly 
significant in arid environments. 

The next Chapter will look at Indigenous and Settler Stories of water. and shown how they 
encapsulate cultural and environmental knowledge. 

 

 

 

 

 

Parts of this Chapter have previously been presented at the 1st Melbourne Applied Linguistics 
Group Student Conference – Second Soul Acquisition (17 October 2014, Melbourne) and the 
University of Melbourne Infrastructure Engineering Postgraduates’ Conferences (2011 to 2017, 
Melbourne). See Appendix A6 for details.  
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CHAPTER 5 – WATER STORIES OF THE NGUKU/KARIRRA CONFLUENCE 

This Chapter focusses on Indigenous and Settler lived experiences of the Study Area 
landscape and its water. Indigenous Stories tell of the creation and still-ongoing 
maintenance of a living landscape. Journals tell their stories through the eyes of 
European explorers and pastoralists in the 1800s and early 1900s. Contemporary 
residents tell their stories through interviews. Each of these sources illuminates 
aspects of water behaviour on the Confluence. 

Indigenous Readers are reminded that this Chapter contains names of deceased persons. 
 

The Indigenous Stories in this Chapter have been provided in accordance with the 
paragraph on page 0-3 (as repeated at the start of Chapter 4). 

 

5.1 Interfacing Indigenous Environmental Knowledge, Social and Technical Hydrology 

As discussed in Chapter 4, Australian Indigenous belief considers Creation to be ongoing, driven 
by the telling of Creation Stories and ‘Singing of Country’. These Stories express the earliest 
human lived experience of the island continent of Australia (Mathews 1994, Hercus 2014). More 
recently, European expansion brought a different perspective to these shores, along with 
different lifestyles, animals and plants (Broome 2010, Gammage 2011). Most recently, the 
current inhabitants of Australia have tales to tell of social and technological change, 
industrialisation, and extreme weather (Orientos 2014, Futurebeef 2017). 

This Chapter aims to tell the diverse water stories of the Nguku/KaRirra-Cooper Creek/Wilson 
River Confluence, and show how these stories can be used in the interpretation of long-term 
hydrological and remote-sensed data to write a well-informed technical story of the Confluence. 

The KaRirra-Wilson River and its Confluence reach of Nguku-Cooper Creek lie in Wangkumara 
Country, which extends from the far northwest of New South Wales (Mt Browne/Tibooburra 
region) to Eromanga, Queensland, and from the Innamincka region of South Australia, to the 
Grey Ranges in Queensland (Horton 1996, Hercus and Beckett 2009). Their territory spans three 
Australian States, with very different colonisation histories. The Confluence and neighbouring 
Grey Ranges are home to Indigenous Stories linking flora, fauna, landscape and human 
behaviours along thematic lines. Section 5.2 discusses Stories and cultural practices relating to 
the theme of water – both its presence and its absence. 

Many Settler stories of exploration and settlement also derive from this region; see Section 5.3. 
European explorer records of the area begin with Sturt’s and Brock’s 1845 observations about 
landscapes, weather, Indigenous peoples, and wildlife, including the flock bronzewing (Sturt 
1847, Brock and Peake-Jones 1975). In 1847 Kennedy travelled Cooper Creek southwards 
through Channel Country as far as the Confluence (Kennedy 1847) followed by Gregory in the 
winter of 1858 (Gregory 1858). Burke and Wills in 1860-61, Howitt in 1861 and 1862, and 
McKinlay in 1861 all visited the Confluence, writing about the difficult terrain, contact with 
Indigenous groups, and the persistent summer heat and lack of water (Howitt 1861, McKinlay 
1861, Howitt 1862, Wills 1863). Early settlers too recorded their impressions of the landscape 
and its climate. Jung and McIntyre described their interactions with the landscape and its 
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Indigenous inhabitants in 1865 and 1863-1867 respectively, from the viewpoint of pioneer 
pastoralists (Australasian 8/12/1866, Nobbs 1992). 

The explorer and early Settler records of Section 5.3 describe an unfamiliar and hostile 
landscape. But over time that foreboding landscape has become more familiar and 
domesticated, and modern Settler concerns mirror modern Indigenous concerns about 
sustainability, weed and pest control, erosion control, and water purity. Section 5.4 discusses 
the contemporary lived experience, using interviews with current residents both Indigenous and 
Settler. 

 

 

Figure 5-1 Roadworks at a Nguku-Cooper Creek channel, on the road between Woomanooka and 
Durham Downs, 20 January 2014. Photograph by C.Crain. 

 

When interpreting a long-term timeseries of remote-sensed spectral data in a sparsely-
instrumented region like the Confluence, it is important to use lived experience that reaches 
back to (preferably before) the start of that technical data, to help with historical ‘ground-
truthing’. Otherwise it is difficult to distinguish, for instance, whether vegetation retreat is due 
to human impact (such as the change in drainage implied by the activities in Figure 5-1), or due 
to a return to more normal dry conditions after historically high but localised rainfall that may 
not have been captured by official gauges. Fieldwork can at best provide temporal and spatial 
snapshots during a limited project duration. Lived experience provides coverage of a longer 
duration, with a longer presence on-site. Chapters 8 and 9 will use the information in this 
Chapter in the interpretation of Landsat data from the 1980s to 2014. 
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5.2 Indigenous Stories of Water 

Section 4.3.3 listed some cultural functions served by Indigenous Stories, including entertaining, 
promoting social cohesion, setting territorial boundaries, teaching history and customs, 
explaining natural phenomena, and systematising knowledge. A single Story can fulfil many 
functions, and many Stories are interlinked in a continent-wide cultural web (McBryde 2000, 
Kerwin 2010). The Wangkumara Marnpi Story, together with the landscape, flora and fauna it 
refers to, will be examined in detail in Chapter 9. The Stories in this Section 5.2 provide a broader 
cultural and geographic context for that examination. See also Appendix A2 for a more detailed 
account of the Wangkumara lived experience, language, and lifestyle. 

The ‘collection, interpretation, and incorporation’ of IEK in an engineering project needs to 
acknowledge at least the paradigm differences and ethical considerations of Chapter 4. At a 
minimum this necessitates framing the task as ‘sharing and exploring’ IEK with the Indigenous 
Knowledge Holders, and providing a concomitant return. For this project, the blended technical, 
cultural and environmental investigations of the Marnpi Story were passed to the Wangkumara; 
their spokesperson said this exchange had helped re-energise a range of water Stories. 

As discussed in Chapter 4, the Indigenous knowledge transferral system is designed to 
progressively reveal deeper layers of meaning as a person matures from child to Elder. 
Researchers have been told there may be in the order of 30 levels, with only the first handful 
non-secret/sacred or freely shareable (Fuller, Norris et al. 2014). This thesis explicitly limits its 
scope to IEK that is not secret/sacred or culturally sensitive. It may not have a full understanding 
of the quoted Stories, because there are levels that have not been shared for right person/right 
time/right place reasons, or that are inaccessible to the public, or because deeper levels to the 
Stories have been lost during the cultural disruption of the Indigenous groups to whom they 
belong. 

Caution is required when identifying placenames. These, as mentioned earlier, can be based on 
persons, events or descriptions, but originals may have been replaced over time, or meanings 
may have been lost. For Indigenous placenames, there are also differences in how the names 
are assigned. 

Indigenous placenames may be based on different foundations compared with introduced 
placenames (Hercus, Hodges et al. 2002). Introduced names are often based on people, land 
use, commemoration, or significant feature, or other systemic reasons (eg Cooper Creek, 
Policeman’s Waterhole, Mt Poole, Depot Glen). Indigenous names are often descriptive and 
form a network of connections based on Creation events. A single place may have different 
names, from different origins, in different languages (as also happens with European names, for 
example Germany from the Latin/Greek Germania is known by many other names, notably 
Deutschland (from Proto-Germanic, ‘Þeudiskaz’ – ‘of the people/folk’), Niemcy/немцы 
(Polish/Russian, ‘Can’t speak [our language]’), Iyášiča Makȟóčhe (Lakota, ‘Bad Speaker Land’ 
referring to early German settlers) and Béésh Bich’ahii Bikéyah (Navajo, ‘Metal Cap-wearer Land’ 
from military uniforms) (Wikipedia 2019). But when a single countrywide system is introduced, 
such as in Australia, there is friction between local terminology (owned by Traditional Owners 
and Custodians, and sometimes secret/sacred) and the systemic terms (published, public for all 
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to use freely). Many thousands of Indigenous placenames have been recorded for the purposes 
of Native Title claims and various heritage surveys, but the data remains unavailable until 
Indigenous intellectual property and legal issues are resolved. If classed as secret/sacred, this 
may be indefinitely (Hercus, Hodges et al. 2002, Hercus and Koch 2009). 

What is considered worthy of naming may also differ – in some traditions it is the range of hills 
that is important, not the individual peaks. In a culture based on oral tradition but covering vast 
areas, remembering individual features can be difficult, but weaving the names into a set of 
Stories, both connective and as stand-alone episodes, can store their reference and relative 
position (and relative significance). What to mapmakers are individual topographic features 
(such as rivers or ranges) may be divided in the Indigenous view. For instance, there may be 
names for individual sections of river rather than a continuous name for the whole river, or a 
particular scree slope may be named whereas the hill it has eroded from is not (Hercus, Hodges 
et al. 2002, Barber and Jackson 2011). There is also the possibility that the recorded Indigenous 
‘name’ is in fact a topographical or positional description in the relevant language, and the real 
Indigenous name has not been revealed. Unfortunately, there are many cases where the original 
name is no longer analysable due to the loss of the language and culture that generated it 
(Hercus, Hodges et al. 2002). 

In living cultures, Story systems may adapt to contemporary environmental and social changes. 
Stories told by Traditional Owners and Custodians can evolve with the inclusion of new 
information, and conversely events can be interpreted through the lens of existing Stories. For 
example, when the Fortescue River ‘freshwater’ people were forced to migrate to the Pilbara 
coast (Western Australia) due to an economic downturn, a cyclone was interpreted as their 
Freshwater Snake conquering the Saltwater Snake to allow them to stay in ‘saltwater Country’; 
the foundation was a Creation Story, and the adaptation included spiritual, social, and 
environmental resolutions. Erosion, salinity and other environmental problems are being 
interpreted as the Saltwater Snake expressing its ongoing displeasure (Barber and Jackson 
2011). The Wangkumara Marnpi Story of Chapter 9 has also undergone post-Settlement 
modification (see Chapter 9 for details). 

Many Indigenous groups see environmental damage, reduction in rainfall and clean accessible 
surface water, disappearance of species, and invasion of pests as related to the lack of ongoing 
traditional ceremony and the neglect of their Stories, and the consequent anger or departure of 
their respective sacred serpents and other Creator spirits. The degradation of individual places 
is linked with the neglect of the ceremonies associated with them, which often involved 
performing ‘maintenance’ activities such as cleaning out waterholes and tending sacred trees, 
and singing respect to the Creator spirit to ensure ongoing rainfall or riverflow; water was used 
judiciously so as not to offend them (Christie, Guyula et al. 2010, Barber and Jackson 2011, Tully 
2012). Tree clearance, the introduction of vehicle access and cattle to waterholes and river 
banks, and the pumping of water to distant cotton and other cropping areas, has been seen as 
particularly offensive in this perspective (Day 2014). 

The Wangkumara people’s pre-Settlement use of Country revolved around sources of water 
(Hercus 2010). Several hundred people might walk along well-formed tracks to gather at 
ceremonial sites during a summer wet season when rain and flood provided ample food and 
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water (Allen 1968, Lance 1992). Provisions would also be stored, including in clay huts and bark 
containers. But for most of the time, particularly in dry winters and frequent droughts, the 
population would disperse into groups of 20-40, to reduce demands on the diminished single-
point resources (Allen 1968). A complex set of obligations and responsibilities allowed 
neighbouring groups to access each other’s water and food resources in times of emergency 
(Lance 1992). 

The Wangkumara language had an extensive vocabulary about their Country and its water 
features. For instance, Wilpi George Harrison told how each waterhole in Wangkumara Country 
once had its own name, but he was sad that he was the last person to remember them and their 
meanings. Amongst others, he spoke of Warri Warri being ‘woman’ or ‘girl’, and Tooka-barnoo 
being ‘sugar-bag’ (Hercus 1971). Fortunately, early Europeans in the area continued to use the 
Wangkumara names, but unfortunately not all were recorded and few meanings have survived. 
Most prominent of these is the prefix nocca/nacca/ngaka meaning ‘water’, as in Nockatunga 
(‘stinky water’), Noccundra, Naccowlah (‘two waters’), Nockaburrawarry, and Nagamaru. 

Traditional food resources would follow a predictable cycle: fish, shellfish, small mammals and 
reptiles immediately after rains or major flows; plants then fruits and seeds as the water dried; 
and a retreat to refugia and “less preferred foods” as the landscape returned to dry (Sturt 1847, 
Jones 1979, Nobbs 1992). The Wangkumara excavated and maintained deep ‘native wells’ in 
otherwise dried-out country, enabling year-round travel between increasingly isolated 
waterbodies (Jones 1979). Nets constructed from plant fibre twine would be strung across 
waterholes to catch birds, or submerged to catch fish (Hercus 1963-1965, Hercus 1971-1972). 
Figure 5-2 illustrates the method. Fish traps were also in use, as noted by Wills in January 1861 
(Wills 1863). There is archaeological evidence of stresses leading to cultural restrictions on 
harvesting, fish and mammal populations immediately before European contact (Jones 1979) 

 

 

 

Pre-Settlement during large flows or floods, the Wangkumara built bark canoes to cross deep 
water in the Nguku or KaRirra (Sturt 1847). During the Settlement era, the Wangumara would 
stretch tarpaulins over wood frameworks, which they would then use to transport equipment 
and “shift cattle out of the water they won’t drown…they won’t last there if they eat the grass 
out they are poor and die” (Talpali (George McDermott) in transcript (Hercus 1968)). 

Figure 5-2 Hunters frightened a flock of 
ducks along the river towards a net. By 
throwing boomerangs above the flock to 
imitate a hawk, the hunters forced the 
ducks to fly down into the net. Artist : G 
Aldridge, 1988 This illustrates a similar 
method to that used by the Wangkumara 
for hunting ducks using nets, from the 
Ngarrindjeri (South Australia, Murray 
mouth region). 

Illustration downloaded 10jun18 from 
https://www.samuseum.sa.gov.au/gallery
/ngurunderi/ng3htm.htm#FISHING 
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This use of boats, fish traps, and fishing nets required familiarity with swimming. (2555A 40:35, 
2556A 3:15, and 2552 B35:10 in (Hercus 1971-1972), 2 48:05 in (Mathews 1971), and (Mathews 
1994)). The Wangkumara had to be good swimmers, with rituals associated with safely 
approaching the waterholes and their treacherously steep banks and deep muddy beds. A 
watersnake muda (not to be confused with the Rainbow Serpent Creator spirit) had lived with 
the Wangkumara at a deep Nguku waterhole called Nagamaru, near Gabranara Gali (probably 
Durham Downs Waterhole, near Bald Hill), at a centuries-old camping and ceremonial site. 
When he at last left the Wangkumara, he became a Parditha, a Great Watersnake that still lives 
in the waterholes and who takes any swimmer who had not been correctly presented; if an Elder 
had prepared and introduced the swimmer, they would be safe (Hercus and Beckett 2009, 
TibooburraKeepingPlace 2013). During fieldwork, I was advised by the Tibooburra Wangkumara 
Keeping Place representative to always introduce myself to the Great Watersnake when 
approaching waterholes, to ensure my safety: 

“ngabeda angagu giredja” (‘It’s me, I’ve been reared here’) 

Many Wangkumara Stories relate the origins of their treasures – water and good fishing, gold, 
opal and fire. “Nobody could hide the Cooper, but for a long time no-one else was aware that 
they owned gold, opal and fire.” (pg 18)(Mathews 1994). Chapter 9’s Story of Marnpi tells of a 
Bronzewing Pigeon that steals water from a waterhole at Gambigambi (Mt Browne) – near 
Tibooburra at the southern extent of Wangkumara Country – and travels to Walbingu, a sacred 
ceremonial cave in the Grey Ranges - the eastern extent. He spills water along the way and turns 
into gold on death (Beckett 1978). 

The Wangkumara have several similar Stories of another bird, the Pelican. 

The Creator spirit of the Wangkumara had started turning into a pelican, and people were afraid 
he had been possessed by an evil spirit. They chose Three Brothers, also eminent muda, to kill 
him at Tibooburra. His relatives warned him to leave, but before he could depart the Three 
Brothers speared him. He desired to die in his own Country, and turning into a pelican, he flew 
north. As he flew, his drops of blood turned into gold. Where he rested, hills arose. Where he 
spilled his pouch, the water with its small fish became Nguku, a good fishing place. The pelican’s 
last stop was a tree which grew into a mountain, and where his blood turned into gold. This 
Story tells of the origin of Nguku with its prolific aquatic life, and the Barrier and Grey Ranges, 
and presumably the original detailed the hills along the journey (Mathews 1994).  

 

Figure 5-3 Steep banks, Goonababbina 
Waterhole, 25 January 2014. 
Photograph by C.Crain. 
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Another Story features the Pelican and Guba Walga, The White Lady and lead Wangkumara 
women’s Creator spirit. A Cleverman and a spirit came to visit Guba Walga in her form as a quartz 
statue. The spirit was turned into kabungara (‘pelican’). Filling his pouch with the water that was 
pooled at her feet, he flew to the hills near Nguku. During one of his rest stops, he was injured 
by spears and from then on, the water leaking out of his pouch became gold, and the drops of 
his blood became opal. Kabungara, weakened by injury and exertion, died on Gabranara Gali, 
“a hill close to Cooper’s Creek” (Bald Hill, close to Durham Downs), spilling the last of his blood 
and water; the location is still closely guarded. The Wangkumara people would make pilgrimage 
along kabungara’s path and ensure the shining opal and gold would continue to be hidden 
(Mathews 1994). This story is similar to the Marnpi in that a bird absconds with water, spills it 
during its journey, and dies of exhaustion in the hills around the Nguku. Again, it provides route 
information from Tibooburra to the Nguku/KaRirra region, this time using shining stones to 
indicate campsites from the southern extent of Wangkumara Country to the northern extent. 

 

For the final treasure, the Wangkumara sent another Pelican to the Northern Territory. On the 
way, he fell ill and rested in some amazingly coloured dry and rocky country. He pecked at the 
coloured stones, which were opals, sparking a grassfire that burned towards some people 
camped beside Nguku. This was the gift of fire that enabled the Wangkumara to cook their food 
(Mathews 1994). 

In terms of Section 4.3’s functions, these Stories are certainly entertaining, and express 
Wangkumara pride in their treasures. The placenames in the Stories define territory and map 
landscapes with references to landmarks. The birds are chased after stealing water or other 
transgression, teaching customs and consequences. The occurrences of gold, opal and water are 
explained, and their locations noted (including the need for ongoing maintenance at those sites). 

There was an origin Story regarding the Nguku-Cooper Creek reach between Windorah and 
Innamincka. The Creator Snake was coming down the Nguku. She went into Lake Yamma Yamma 
to lay her eggs, then went away again. When the eggs hatched, the baby Creator Snakes all 
travelled downstream and the myriad small channels they created are still evident today as the 
river’s Channel Country. This Story belonged to the people of from the Durham Downs area 
(possibly the Ngantangara) near where mass graves were reported by A.C. Gregory in 1854, and 
whose details are lost (Hercus 2014). The Story was summarised by a Wangkumara Elder who 
had not heard it for some decades, and thought it important to record on their behalf (Ebsworth 
2015). The Story has territorial information, explains a natural feature, and an association with 
snakes; a local creek is called Woomanooka, from wama nhuka or  ‘snake-big’ (Hercus 2014). 

 

Figure 5-4 Sunrise with 
Pelicans at Goonababbina 
Waterhole, 21 June 2014. 
Photograph by D.Kucharska. 
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The Wangkumara also used to sing the Wardruwampu (‘Duck Egg’) and Ngarawampa 
(‘Waterfowl Increase’) mura, to ensure an ongoing plentiful supply of ducks and eggs, both 
important dietary sources of protein. These extended along the KaRirra from east to west, 
passing through Nockaburrawarry, a significant sacred site that also lies on the Wangkumara 
Initiation History, and again included geographical linkages between sites. Unfortunately, much 
of the mura have been lost (Hercus 2010, Hercus 2014). Talpali George Mc Dermott told how 
the Ngarawampa mura connected the lands of neighbouring groups, all the way from the Mt 
Margaret to Kati Thanda-Lake Eyre: 

“In the night time there is a big mob sitting round the fire well they sing different than that, same 
mura but different way you see. They call all the countries first, where the duck has been, where 
they lay eggs and one thing and another. And when they follow'm like that they sort of, they follow 
the country like in the history where the ducks have been travelling and when they get to the end… 
well that is the duck, then end of that part of the business. Well they go on again and call the country 
again. Different…country, you know different names...They had a lot of country to go over… name 
the country, take'm might be month before they can finish up, wait for the other people to come up 
finish the mura off…That mura makes the kapinja (‘duck egg’). It runs right down to Innamincka, 
anywhere round there the birds. They make the birds the ducks lay the eggs. They got to lay it 
according to the mura… They all finished, no more about, nobody knows it, only me… [George 
Dutton] is in it too. We seen the finish of it. They wouldn't allow us to dance it, we were too young.” 
(Talpali (George McDermott) in transcript (Hercus 1968)) 

There are several Stories that reveal the importance of rain and rainmaking to the Wangkumara. 
The 1880s gold rush town of Tibooburra (‘Place of Stones’) is surrounded by granite boulders. 
Once, according to the Wangkumara Story, there was a group of Wangkumara camped at 
Tibooburra. Some men from Innamincka (possibly from the neighbouring Yandruwandha) came 
to request some rainstones, for use in rainmaking ceremonies. The Wangkumara refused. As a 
consequence of failing to observe the custom of sharing rainstones, a mystical hailstorm turned 
everyone present into stone. (Mathews 1994, TibooburraKeepingPlace 2013). 

Another origin Story for a rock feature important to rainmaking at Tibooburra is the Story of the 
Three Brothers. This tells how three muda (‘Creator spirits’) had lived as ga:gu (‘brothers’) with 
the Wangkumara, taking messages across the territory from Innamincka to Tibooburra. East and 
west of the Nguku lived the Dhinewa and Calbera subgroups, with strict rules for visiting each 
other. One day the brothers were caught illicitly swimming across the river to visit women of 
other groups, including the neighbouring Galali (Kallali), a traditional enemy. They were 
executed at Tibooburra, where the whole community had travelled to witness. The brothers 
were turned into three rock formations, and in this form the muda continued to be revered. 
They would grant requests for more (or less) pirta (‘rain’) and provide guidance in finding ngaka 
(‘water’) and kuwa (‘fish’). Their head stones would shine by sun and by moon, as they had been 
good men during their lifetimes, and the rock from which they were made was reputed to 
contain gold (Mathews 1994, Hercus 2010). 

There is a contemporaneous record of a successful Wangkumara rainmaking ceremony on the 
Nguku/KaRirra Confluence, during a prolonged drought in the 1860s, which was followed some 
weeks later by heavy precipitation on the parched floodplain (Nobbs 1992). It is plausible the 
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Elders in charge of organising the ceremony were able to read the subtle environmental signs of 
approaching rain cycles (Elkin 1994). 

Irinyili Mick McLean told an interesting Story about a ‘gate’ at Nguku’s junction with Strzelecki 
Creek, at the Wangkumara border with Yandruwandha/Yawarawarka territory (recorded on 
Tape 119, 2 Sept 1967 and reproduced in Hercus’s unpublished Wilson River notes)(Hercus 1967, 
Hercus 2014). This gate could be sung to direct flow either down Nguku (Yandruwandha name 
Kinipapa) or down Strzelecki Creek. “Whitefellow wouldn't believe that because they've never 
seen it.” Two kuti ularaka (special singers) would stand atop sandhills on either side of the river: 

“both singing the same thing except each one puts in his own name, but they are singing the 
same song sort of lifting that bank up. Doesn't matter how much force there comes in the 
stream, there will be nothing coming down, all turn off into the other creek then.” 

The next day, the flow in the Nguku/Kinipapa would stop; later the gate could re-open the 
channel “when they have had enough water all through those big lakes and swamps” from 
Strzelecki Creek. There is geological evidence that Strzelecki Creek sometimes diverts Nguku 
water to Lakes Blanche, Callabonna, Frome and Gregory rather than to Lake Eyre, but currently 
that path is blocked by flood deposit sills and sand dunes (Wakelin-King 2013). There is also 
archaeological evidence that Indigenous peoples in the Kati Thanda-Lake Eyre and adjacent 
Bulloo Basins constructed banks, weirs and booms to direct water (Rowlands and Rowlands 
1969, Rowland and Ulm 2011). Whilst outside the timeframe and strict study area boundary, 
this Story of a water gate hints that pre-Settlement Wangkumara and their neighbours may have 
constructed large-scale hydraulic structures. Alternatively, that they were witness to avulsion 
events, to which the Nguku/Strzelecki junction is still vulnerable(Wakelin-King 2013); see Figure 
5-5 for a recent example of a ferocious Nguku/Kinipapa-Cooper Creek flow into Strzelecki Creek. 

 

 

Figure 5-5 Outback floodwaters from Nguku-Cooper Creek flow into the Strzelecki Creek and 
wash the road away, 29 March 2010. Source: https://www.abc.net.au/news/2010-03-
29/floodwaters-cut-road/383832 downloaded 25 December 2019, photograph supplied to ABC 
News by Lyndhurst Hotel.  
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In Warwick Jones’s 1979 study of the Cooper Creek (sic) area, he stated that he did not find any 
bird stories, just stories about fish and small mammals. This is remarkable as the duck, 
bronzewing, and pelican Stories are amongst the most significant in the known Wangkumara 
canon (Hercus 1963-1965, Hercus 1967, Jones 1979, Mathews 1994, Hercus 2014). It may be 
that the information was not available to him, as many linguist tapes were only being recorded 
in the 1970s. Or he asked the wrong people, or asked at the wrong time, or in the wrong place 
(see Section 4.3.2). Wangkumara Stories, of which only a small sample are quoted here, weave 
a web of cultural and environmental interconnections between sites, particularly water sources. 

During their explorations of the landscape, the European parties sometimes recorded location 
names in the local Indigenous dialects (Hercus, Hodges et al. 2002, Hercus and Koch 2009). 
However, the lack of a common language and the consequent mis-hearing or mis-understanding 
of what their Indigenous interlocutors were trying to say meant many placenames were 
corrupted in translation. Loss of languages as a result of European settlement policies has 
impacted on the ability to correctly locate placenames contained in Indigenous Stories and 
Settler accounts. It is no longer possible to interpret the meanings of many placenames. 
However, European explorers acknowledged they used native tracks and routes in their travels, 
and these routes are reflected in today’s road network (Kerwin 2010). 

All these Stories speak of long-distance travel across landscapes that later European explorers 
would find difficult to traverse due to lack of reliable water. They relate to mystical appearances 
and disappearances of water in channels and waterholes, methods to obtain rain using 
rainstones and requests to Creator spirits, and methods to retain and control water. The Three 
Brothers continue to provide advice on routes with water. Concerns with water location, 
presence, persistence, retention, and disappearance are congruent with a highly variable river 
regime and a limited number of reliable water sources. 

In summary, the Wangkumara are traditionally extremely dependant on the Nguku/KaRirra 
water system, and have developed a culture that can sustainably exploit resources during highly 
variable rainfall and flow regimes. Their skillset and technology include swimming and boats (for 
deep waters), nets (for water-filled channels of various sizes), wells (dug and maintained in 
otherwise waterless expanses), possibly hydraulic structures (fish traps, dams and weirs), and 
mental maps of landscape (muras). The Wangkumara Stories indicate a high variability of rain 
and flows, and their seasonality. Ways to deal with droughts and floods have been incorporated 
into the Wangkumara culture since Pre-Settlement times, hinting they have occurred for much 
of the duration of the Indigenous record. (Appendix A2 provides a more detailed version of this 
Section). 
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5.3 Historical Settler Stories of Water 

European explorer records of the area begin with Captain Charles Napier Sturt and Daniel Brock 
(one of Sturt’s party) in 1845, travelling from Adelaide northwards along the Barrier Ranges, and 
from Depot Glen via Warri Warri Creek to the Cooper/Wilson Confluence, and Strzelecki Creek 
(Figure 5-6). Along the way, Sturt named Cooper Creek and the Grey Ranges. Sturt and Brock 
recorded information about landscapes, weather, Indigenous peoples, and wildlife including 
birds (Sturt 1847, Brock and Peake-Jones 1975). During an enforced stay near water from 
January to August 1845 at Depot Glen, Sturt’s party endured storms but “could have counted 
the drops of rain that fell” (12 May 1845). Summer, temperatures breached 55C in the shade, 
whilst winter nights (June/July) plummeted to -5C. Sturt abandoned his attempt to cross the 
Cooper floodplain due to the deeply cracked (when dry) or impassably boggy (when wet) clays. 

   
Figure 5-6 Rocky Glen, Depot Glen, and Cooper Creek. Illustrations from Sturt’s Narrative (Sturt 1847). 

Like the Wangkumara, Sturt and his party noted that the presence of birds, including pelicans, 
pigeons and ducks, was a reliable indicator of water. Brock wrote of “thousands of pidgeons (sic) 
in a flock, probably migrating” near “the presence of such large bodies of water which we find 
here” (pg 116)(Brock and Peake-Jones 1975). He described them as “a beautiful bird…Its belly is 
of a slate color, back deep brown, the wings are brown mixed with a pearl colour, splendidly 
bronzed at the tip. The male bird has a slate and white coloured head, the female is distinguished 
by her head being all brown.” (pg 122)(See Figure 5-7). 

        

Other European explorers soon followed the Sturt expedition. In March 1847 Edmund Besley 
Court Kennedy JP led a party that followed the courses of the Barcoo and Thomson Rivers, the 
two major tributaries of the Cooper then southwards through Channel Country as far as the 
Confluence, where “horses were continually falling into the fissures up to their hocks”(1-3 
September 1847). They “made a close search down the most promising watercourses and 
lagoons, but upon riding down even the deepest of them, we invariably found them break off 
into several insignificant channels, which again subdivided, and in a short distance dissipated the 

Figure 5-7 Gould’s ?1841 lithograph of a female and 
male flock bronzewing peristera histrionica 
(protonym for phaps histrionica in the 1800s), 
matching Brock’s 1845 description. Illustration by 
Elizabeth Gould (1804–1841) for John Gould’s Birds of 
Australia. Public domain. Downloaded 10 June 2018. 
https://www.rawpixel.com/image/321026/harlequin-
bronze-wing-peristera-histrionica-illustrated-elizabeth-
gould-1804-1841-john-goulds-1804 
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waters” (9 September 1847). The dry conditions and lack of feed by September forced their 
return to Sydney in February 1848 (Kennedy 1847). 

An 1854 expedition led by Sir Augustus Charles Gregory KCMG, Assistant Surveyor of Western 
Australia at the time, travelled from Moreton Bay (Brisbane) to Adelaide via the Barcoo River, 
Cooper Creek and the Strzelecki Creek, travelling from March to July 1858 (Gregory 1858). In 
May 1858, Gregory’s party found “the principal channels full of water” but the clay plains “dry… 
and destitute of vegetation” (22-23 May 1858). Further, Gregory noted that during his visit, 
about one third of the Cooper’s water flowed via Strzelecki Creek to Lake Torrens - perhaps as a 
result of the Wangkumara and Yandruwandha operation of their ‘gate’. 

Perhaps the best-known exploration, titled the Victorian Exploring Expedition, was the Victorian-
sponsored Burke and Wills attempt to cross the Australian continent north to south in 1860-
1861. In November-December 1860, the northbound Expedition was at Cooper’s Creek (sic), and 
experiencing a landscape with temperatures of 43C in the shade, little surface water restricted 
to isolated and turbid waterholes, and “logs and bushes high upon the forks of the trees” 
indicating significant past flooding (pg 83)(Wills 1863). Wills categorised the countryside as 
“earthy flats” that when dry were severely cracked and impassable with animals, “sandy hills” 
associated with saltbush and good feed, and “stony rises” that appeared to him to be detritus 
from the surrounding sandstone ranges. To Wills’ eye, the landscape appeared to have been in 
long drought. Wills also recorded many wellworn “paths of the blacks” but commented they 
appeared deserted, birds were scarce, and snipes, pigeons, and particularly ducks “always 
returned to the holes after having been disturbed, so I imagine there is not much more water in 
the vicinity” (pg 86)(Wills 1863). The Burke and Wills narrative ends in tragedy with the deaths 
of both men on the shores of a Cooper Creek waterhole after their delayed return from the Gulf 
of Carpentaria saw them miss the departure of their depot party by mere hours. Rescue 
expeditions were launched, including that of experienced Lake Eyre Basin explorer (and later, 
author of The Native Tribes of South-east Australia) Alfred William Howitt, and South Australia’s 
John McKinlay. 

The Victorian Contingent Party led by Howitt left Melbourne in July 1861 (winter) and 
successfully located the sole survivor of the Burke and Wills expedition, John King, in September, 
returning to Melbourne in November. Howitt also led a second expedition, the Victorian 
Exploring Party, which returned to the Cooper Creek area in early 1862 (summer), after rains 
had transformed the previously arid landscape (Howitt 1861, Howitt 1862). In 1862 he was 
hampered by violent thunderstorms and running creeks (Howitt 1862). In mid-February he 
reported of the Confluence: 

“It is very annoying to travel all day through feed and water, as we have done, and in the 
afternoon to get into some strip where there has been no rain; but it has happened several 
times that we have had to camp out of the feed, although as yet not without water.” (18 
February 1862) 

As Howitt travelled across the Confluence floodplain in 1862, he found signs of recent flowing 
water. However, on 23 February he observed that the “banks here are dotted with native 
villages, now all deserted.” He only rarely reported seeing Indigenous people, and then only in 
small groups. But on 2 April, he intercepted large numbers of “natives” moving towards Cooper 
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Creek along Strzelecki Creek, with the information “that a great flood was coming down”. These 
observations correlate with the dispersal of groups during dry times, and gathering of groups 
when rains and flows came. By 6 May, ten days later, the Cooper was “running strongly” 5 miles 
upstream from Innamincka. 

Howitt also described the sandstone and conglomerate hills, capped with “large masses of a 
white crystalline stone, grouped in irregular columns, and ringing with a metallic sound when 
struck”, and commented on the opalized wood he found lying about (5 September 1861)(Howitt 
1861). These characteristics correlate with the Wangkumara origin stories for opal and gold 
(associated with white quartz). 

Howitt’s Victorian Exploring Party saw the landscape after localised rains and experienced the 
flush of a seasonal flood from far upstream. His descriptions are still recognisable today: “earthy 
plains through which the various channels of Cooper's Creek run…westward”; “ground very 
rotten…numerous deep fissures; dry channels in every direction”; the localised response of 
vegetation to seasonal storms; and slow-moving floods along the Cooper system (8 September 
1861)(Howitt 1861). 

 
Figure 5-8 Coopers Creek from Camp 32. Arrow points to native huts where King was found (centre right 
of bare tree trunk). Artist: A.W. Howitt, Slide maker T.W. Cameron, date of transparency 1898-1906, glass 
lantern slide with hand colouring 8.5 x 8.5 cm. Public domain. Source: 
http://handle.slv.vic.gov.au/10381/173686 downloaded 13 August 2018. 

The South Australian Burke Relief Expedition, led by McKinlay, departed Adelaide in August 
1861, and returned a year later. McKinlay visited the Cooper Creek site of Burke and Wills’ 
deaths, but did not see the Cooper/Wilson Confluence. During October 1861, he wrote of tens 
of thousands of “flock pigeons” around the Cooper Creek breakdown downstream of 
Innamincka. In December, after an arduously dry journey (“A little rain during the night but not 
enough to wet a sheet of paper” (1 December 1861)(McKinlay 1861)), he began to investigate 
the possibility of a flood coming down from the Cooper’s headwaters as it had rained heavily in 
northern Queensland. His journal reinforced the localised ephemerality of water on the 
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Confluence, large and diverse congregations of birds, and the presence of fish. McKinlay 
continually wrote of encampments of a few to 200 “natives” “in good condition”, and noted 
their ability to use country in all seasons, describing how a well had been dug to access clean 
water when lake water was too murky (McKinlay 1861). 

Early European Settlers too recorded their impressions of the landscape and its climate. They 
began moving into the Cooper Creek/Wilson River Confluence not long after the first European 
explorers had passed through. By the time of Burke and Wills, there were homesteads that 
served as waypoints and provisioning stops. By 1859, the Colony of Queensland was encouraging 
settlers to set up pastoral runs in what was considered unoccupied territory, there being no 
evidence (to European eyes) of the land being managed or of Indigenous permanent settlements 
(Gill 1981). 

In mid-July 1964 Duncan MacIntyre reported that “From there [the head of the Thomson River] 
to Coopers Creek the country was well-watered but unstocked.”(Australasian 8/12/1866). 
MacIntyre returned to the Confluence as leader of the Leichardt Search Expedition in November-
December 1865. He found that the Cooper, that had contained good water in mid-1864, was 
now empty, and the drought intensifying. During that summer they spent much time looking for 
water, then defending the “fine sheet of water on Cooper’s Creek” they found with its “unlimited 
supply of the finest fish” from “troublesome” natives (pg 65)(Gill 1981). 

Dr Carl Emil Jung was a German settler who spent time in 1865 based at Devalla (Dewalla) Creek, 
south-east of the Wilson River towards the Bulloo Lake swamp system (Nobbs 1992). He wrote 
of his experiences of droughts “in which all water evaporated” and “the dams built there at great 
cost stood there useless”…”the only place was the on the Cooper” (pg 132). Jung stayed at the 
“Burke and Wills waterhole” for several months, becoming familiar with the local Indigenous 
group (possibly the Dieri) with whom they traded fresh beef for “fish, rats, lizards and roots” to 
break their dietary monotony. He also witnessed a major rain-making ceremony, after which “At 
last the rain came and in the torrents as is usual in Australia” (pg 137) stranding him and his 
cattle. When the local Indigenous group started destroying the trapped cattle, Jung took revenge 
by burning all their treasured possessions, although he later regretted his actions as he came to 
understand that the they had acted only to protect their country from the intruders and their 
beasts. The Indigenous people communicated with Jung through local languages and sand 
drawings on topics included “flows and breadths of the rivers and creeks; the relative heights of 
the hills; the distance of fixed points, and the relationship between those points” in a manner 
that impressed Jung with its precision (pg 136)(Nobbs 1992). 

Andrew/David Hume “explorer, perished for wont of water” during an 1874 journey from 
Nockatunga to Cooper’s Creek through the Wilson breakdown area. The survivor of the party 
said: “I lay down under a bush to perish; when there about ten minutes I could hear a crow near 
me, with the musical sound of “caw caw” that renewed a little life in me, knowing I must be near 
water.” (pg 2)(RockhamptonBulletin 29/12/1874). Once again, a bird led a thirsty human to 
water. A subsequent letter to the newspaper made the comment: 

“People acquainted with the country which was the scene of this fatal event say it is 
inexplicable, as the road from the Wilson to Cooper’s Creek is frequently travelled and 
abundantly watered.” (pg 2)(RockhamptonBulletin 29/12/1874) 
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Victorians Hector and Norman Wilson went into business in the late 1860s purchasing several 
sheep stations including Coongie in Queensland. They were highly successful in their endeavours 
and later returned to Victoria and became prominent pastoralists and horse-racing identities 
(HorshamTimes 10/1/1893, BrightonCemetary 2018, Wilson 2018). The brothers’ surname is the 
most likely origin of the name ‘Wilson River’, dating from their time as owners of Congie (also 
spelt Coongie) Station at the river’s headwaters in the Grey Ranges from 1869 to 1881. The 
Wilson watercourse was originally called Subrana Creek on early maps and gazettted lists of 
placenames (origin unknown) (Whitworth 1876) but its alternative name Wilson River had 
passed into common use by 1865, notably in Andrew Hume’s and Duncan McIntyre’s expedition 
reports to newspapers. The name began appearing on official maps shortly thereafter 
(Australasian 8/12/1866, RockhamptonBulletin 29/12/1874, StateofQueensland 1870, 
StateofQueensland 1882, StateofQueensland 1897, Pearson 1940, StateofQueensland 1949, 
Kirkpatrick 2018) although Ham’s 1871 map (Figure A3-9 in Appendix 3) still showed both 
“Subrana Creek” and “Wilson River” (Ham 1871). 

Edith McFarlane (neé Weidenhӧfer) lived on the Confluence between 1925 and 1956, initially as 
governess and later as stockman’s wife (ClanMacFarlane 2012). In a 2002 interview for 
FitzSimons’ ‘Braided Channels’, she described how she had come to terms with her life at 
Durham Downs and later at Nockatunga: 

“The country was completely bare...the waterholes were so low that they were only really 
bog. Mud and a little bit of water, and cattle would - in very weakened condition, would go 
down to get a drink from these meagre little pools of water and of course they had to plough 
through the mud and that was it. They couldn’t come out again…” (pg 6)(FitzSimons 2008) 

“…from Windorah downwards, the Cooper…in a good flood it overflows the banks…the most 
we saw was…one hundred miles of water from east to west. And because it’s a very…low 
gradient…the water moves very slowly…and it spreads out across what we always call 
flooded ground. And that flooded ground in dry seasons cracks and the longer it is dry, the 
wider the cracks and they are quite deep. Well when the water begins to flood out, it sinks 
down under and it comes up from the cracks…in a way it [flood] might be a disaster, 
especially if you get drowning stock…but…after that water goes, the feed is 
magnificent…And it will last for some months but it isn’t a permanent feed. The permanent 
feed you got would be out on sandhills…Away from the river. And when we had heavy rain, 
it brought on this wonderful feed which would last - dry, it would become dry, but it was still 
nutritious…Um, I know there is terrible disasters. Its terrible droughts. Terrible dust storms. 
In a dry season the dust was heartbreaking but I still have no regrets about having lived 
there. I wouldn’t want to go back to it.” (pg 37-38)(FitzSimons 2008)  

Like Jung but 60 years later, McFarlane knew about large rainmaking ceremonies by the Cooper’s 
Indigenous populations. But she did not see any; whether because the Durham Downs traditions 
did not include women unlike in Jung’s account, or because the ceremonies were already passing 
from active memory. She also commented that Indigneous groups would struggle during 
droughts when “The birds had all flown off somewhere where they could get water” (pg 
55)(FitzSimons 2008). 
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In 1967, (over 100 years after Jung but pre-Adventure-Way bridge) the Royal Historical Society 
of Queensland heard a talk by Keith Thallon, which still treated the Confluence as a difficult 
environment. He wrote of a “life-line of plentiful waters and shady trees in an otherwise 
inhospitable and forbidding land of red sandhills and bare Gibber plains…Much of this remote 
"outback" is still largely as the pioneers found it” (pg 287)(Thallon 1967). 

 

 
Figure 5-9 Durham Downs Cattle Grazing 1920, photographer unknown. Public domain. Source: 
http://images.slsa.sa.gov.au/mpcimg/32250/B32222_11.htm downloaded 25 December 2019. 

To summarise, forays by Europeans into the Cooper Creek/Wilson River Confluence area 
generated consistent descriptions of healthy “natives” which correlated to Wangkumara 
information on the local Indigenous lifestyle. Except during dry times, men, women and children 
were living in villages with abundant and varied food sources. Small groups would disperse in 
dry times but still communicate over long distances. Groups were travelling confidently across 
expanses with little surface water in dry periods, with long-distance knowledge of water sources 
and flood conditions, and coordinated groups were congregating in large numbers for major 
ceremonies. But during drought times, the descriptions were of numerous grave mounds and 
sickly, weak remnants of communities. Although whether caused by challenging conditions, or 
by introduced diseases taking their toll on stressed populations, is hard to say. 

In comparison, much of the European record revolves around the challenges of introducing stock 
and dealing with Indigenous resistance. During a good season, stock feed was abundant and high 
quality, and water availability was widespread. But during the frequent drought conditions, 
Settlers bemoaned one of two hells: either rugged dry heat, violent electrical and dust storms, 
deep fissures that could maim stock and horses, and a constant struggle for water and feed; or 
drenching rain and extensive inundation, trapping stock in boggy ground and making the region 
impassable to man and beast. (Appendix A3 provides a more detailed version of this Section). 
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5.4 Modern Stories of Water 

Pastoralism on the Confluence started in the late 1800s, with the arrival of European settlers, 
and some of the current station residents are direct descendants of those who took up 
government offers of land in the early part of the 20th Century. Many current residents grew up 
on and around the Confluence, and have shared many decades of memories via interviews. 
Appendix A3 provides a more detailed version of this Section. 

The modern lived experience of pastoralists, oil and gas workers, small business operators in the 
towns, tourism operators, itinerant workers, and Indigenous people has been touched on in 
Chapter 2 Section 2.5. Pastoral and industrial activities include the construction of roads and 
farm tracks, water capture and storage, fences, clearance of trees, introduction of exotic flora 
and fauna including pests, and cattle grazing and compaction particularly around water sources, 
fencelines and cattle yards. 

As described in Chapter 2, Longreach-based Desert Channels Queensland Inc has produced a 
Cooper Creek Catchment Rules of Thumb poster (Figure A3-14 in Appendix A3), which 
summarises relationships between rainfall and flow/flood magnitudes, speeds and durations. 
Whilst useful, these rules-of-thumb operate on a much coarser scale than the methods in this 
thesis (Futurebeef 2017). 

As has been shown in Section 5.3 (and in more detail in Appendix A3) early accounts record the 
KaRirra-Wilson River region as hostile if water was not available. There were strong recollections 
of long-duration droughts and unpredictable large floods, with subsequent vegetation 
responses and fires. European exploration of the Confluence during the 1800s often coincided 
with drought conditions (Silcock, Piddocke et al. 2013, Freund, Henley et al. 2017). By the 2000s, 
the aridity was being accepted as normal. However, the (at time of writing) current ongoing dry 
period has been described as one of the most severe. Long-term residents have also commented 
on the increasing duration and temperature of summer, and more extreme drying of the 
landscape in between the occasional large flows, and the invasion of weeds. 

Orientos Station (Figure 5-10), in the southwest of the Confluence, has been with the Betts 
family since 1936. It originally only covered sandhill country. To provide more reliable access to 
water it was extended to KaRirra-Wilson River frontage in the 1940s, and now includes 
Tookabarnoo Waterhole. The property can run 5000 head of cattle, using bore water and 
occasional overflows from the Cooper Creek/Wilson River. There are nine pumped bores, mostly 
sub-artesian and slightly saline under the floodplain (RFDS 2012). Pastoralist Rod Betts was born 
and raised at Orientos, and was interviewed in 2014 (Orientos 2014). He recollected that 
historically, small Cooper Creek flows would not reach Orientos, medium flows would fill his 
waterholes via the Naccowlah (eastern) system, and major flows would fill his waterholes from 
backflows of the western system before the Naccowlah flows reached them from the south. 
Previously a level of 8 feet (2.4m) at Durham Downs would suffice; by the 2010s 10 feet (3m) 
was required. Rod estimated that in the 1980s, one in ten Cooper flows reached his waterholes, 
in addition to a virtually annual Wilson flow. He remembered the 1970s being particularly well-
watered by localised rainfalls, resulting in a profusion of trees germinating across the Confluence 
floodplain. The trees started dying in the 2000s as the climate returned to a more typical dry 
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regime, which he called ‘normal’ for Orientos. He described large spinifex circles in the 1960s, 
and big shrubs and bushes in the 1970s, followed by large fires in the 1970s and subsequent 
dieback. There were more fires in 2011, 2013 and 2014. Rod emphasised the major gain in 
vegetation between 1965 and 1980 (immediately preceding the start of Landsat data used for 
this thesis), followed by a major reduction since the mid-2000s. He specifically remembered the 
marpoo Acacia ligulata (which responds well to fire) and lignum Muehlenbeckia florulenta used 
to be concentrated around channels, but in the 1970s expanded to a large area around Yotally 
Waterhole. Those plants are now retreating back to the channels. This is useful to know, because 
for the whole of the satellite record this vegetation has been in retreat yet historically it was not 
as widespread as it now appears. Rod also mentioned ‘vervine’ was common around creeks in 
the 1930s, and made a comeback in the 2000s. This is possibly native Verbena macrostachya 
F.Muell, sometimes called ‘vervain’, which is recorded in the Innamincka/northwest NSW region 
with a large increase in occurrence in the 2000s (Munir 2002, AtlasofLivingAustralia 2019). 

 
Figure 5-10 Orientos Station Homestead, 19 June 2013. Photograph by D.Kucharska. 

Stuart Morton is a life-long resident and cattle-man of the Confluence area, and had been 
Woomanooka Outstation Manager at Durham Downs Station (part of the S. Kidman and Co) for 
two years at time of interview during fieldwork in 2014 (Woomanooka 2014). His experience for 
Woomanooka, on the eastern edge of the Nguku-Cooper Creek north of the Confluence, is that 
the weather is hotter earlier, and winters are shorter, than they were in the early 2000s, and the 
land has been steadily getting drier. He considers fire a benefit as it clears weeds and the old, 
dried out grass; he believes the Wangkumara used to burn the grasslands to regenerate them. 

 
Figure 5-11 Woomanooka Outstation Homestead, 16 June 2013. Photograph by D.Kucharska. 
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Peter Degoumis has been living in the Confluence area for over 50 years, the past 10 at time of 
interview as Nappa Merrie Station Manager (NappaMerrie 2014). The Station (S. Kidman and Co 
at time of interview, now Morella Agriculture) uses 21 bores to run cattle, mainly outside the 
Confluence floodplain to the west, towards Innamincka. There are also several large permanent 
waterholes. Nappa Merrie means ‘water sandhill’ in the local Yandruwandha language, and 
there are large dunes that have moved to cover buildings and cattle yards since the 1900s. Peter 
recalls the country has always been variable. Each flow would distribute itself differently. The 
station (and Santos) now use bore water to keep dust down on roads, which results in 
waterholes being less dry than 20 years ago. During drought, when ground cover dies, massive 
dust storms can arise (as experienced during January 2014 fieldwork). The best feed turns black 
when dry, and will re-shoot when it rains. Lignum used to be cleared by Aboriginal firing of 
country, but Peter says that no longer occurs. Approximately 90% of Nappa Merrie was burned 
in late 2011, after floods in 2010-11. Parts of the floodplain were burning during 2014 fieldwork. 

 
Figure 5-12 Nappa Merrie Station Homestead, 25 January 2014. Photograph by C.Crain. 

Ian Halstead spent 10 years as Manager at Naryilco Station (S.Kidman and Co) at time of 
fieldwork. He provided rainfall records for Naryilco reaching back to the 1950s, which confirmed 
how local conditions were wetter during the 1970s (Naryilco 2014). 

Wangkumara Elder Malcolm Ebsworth lives in Eromanga, and maintains strong links with 
Country. He was one of the last Wangkumara to be born and raised on Country, working as a 
stockman which allowed him to be educated in on Country in the traditional way. Malcolm’s 
younger brother Hope Ebsworth works with Santos as an Indigenous Liaison Officer, and is also 
a published author (Ebsworth 2009). He has researched Wangkumara history, particularly the 
dispossession era. Malcolm and Hope both expressed the same concerns as those expressed in 
Tully and Day’s work in the catchments immediately east of the Cooper/Wilson (Day 2014, Tully 
2014). Namely, watercourse and vegetation degradation, restoration of native flora and fauna, 
and manual techniques to restore human connection to Country (Ebsworth 2013, Ebsworth 
2015). 

Station Managers at Nockatunga, Durham Downs and Naryilco were unavailable for face-to-face 
interviews during fieldwork in 2013 or 2014. Wet weather and road closures in 2016 prevented 
face-to-face interviews with Indigenous representatives of the Kallali but some general 
information, about locations and placenames only, was shared over the telephone. 
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In summary, the long-term residents on the Confluence all report changes, particularly warming 
and drying over the past decade, and these trends are borne out by data (Queensland-DSITI 
2015). Several mention the cessation of Aboriginal firing of Country, which used to control 
weeds and help regenerate grasslands. The current extent of lignum, for instance, is much 
greater than in the past, as a result of expansion during a wet period in the 1970s; its retreat 
during recent drought should not be interpreted as environmental damage but rather a 
hastening of a return to pre-1970s extents. The use of bore water to dampen the growing 
number of unsealed roads and tracks on the Confluence has been identified as contributing to 
some locations now being wetter than they would be from rainfall and river flows alone. 
Indigenous Traditional Owners and Custodians worry about with weed and feral animal 
incursion, changes in waterhole persistence and quality, and how to restore Country and their 
young people’s relationship to it. Their particular concerns are that water sources are no longer 
reliable and usable for traditional purposes. (See also Appendices A2 and A3). 

 

 

5.5 Conclusion 

This Chapter has told multiple stories of the human lived experience of the Nguku/KaRirra-
Cooper Creek/Wilson River Confluence. It has shown how the Traditional Owners and 
Custodians, the Wangkumara people and their neighbours, have evolved a culture attuned to 
the ‘boom-and-bust’ water cycles of this part of the Kati Thanda-Lake Eyre Basin. It has described 
the challenges faced by early European explorers and Settlers as they came to dominate the 
landscape with cattle. It has summarised memories and concerns from current Settler and 
Indigenous perspectives, with agreement on many points such as the need for weed control and 
the worry about a warmer and drier climate. 

Armed with this long-term cultural and environmental knowledge about the Confluence, the 
next three Chapters focus on developing technical descriptor tools for water behaviours across 
the highly complex multiple channel drainage network over the past 30 years. Chapter 6 looks 
at geomorphological classification tools, Chapter 7 at remote-sensing and spectral analysis, and 
Chapter 8 at graphical tools to investigate aspects of the Confluence over multiple decades. 

The thesis will combine the technical tools with socio-hydrology in Chapter 8 to investigate some 
of the claims made by current residents about how human activities on the Confluence may be 
influencing flow distribution patterns. 

Capstone Chapter 9 looks at the Story of Marnpi/Marnbi the Bronzewing Pigeon and shows how 
it encapsulates cultural and environmental knowledge. It tells my story of Marnpi, using the 
technical tools to quantify the rich IEK of an Indigenous Story about water. 

 

Parts of this Chapter have previously been presented at the 1st Melbourne Applied Linguistics 
Group Student Conference – Second Soul Acquisition (17 October 2014, Melbourne) and the 
University of Melbourne Infrastructure Engineering Postgraduates’ Conferences (2011 to 2017, 
Melbourne). See Appendix A6 for details.  
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CHAPTER 6 – ANASTOMOSIS DESCRIPTIVE TOOLS USING CONCEPTS 
FROM GEOMORPHOLOGY AND HYDROLOGY 

This Chapter introduces the Landscape Unit (LU) concept and Extended Stream 
Ordering systems (ESO/ESM/ETD) for describing the structure of a heavily 
anastomosed landscape. These tools are applied to describe aspects of the 
Nguku/KaRirra-Cooper Creek/Wilson River Confluence, and will be used 
further in Chapters 8 and 9. 

 

6.1 Structuring Highly Anastomosed Landscapes Using Flowpath Topology 

This, the first of three technical Chapters, uses concepts from geomorphology to express the 
physical structure of a highly anastomosed river landscape. It introduces a Landscape Unit 
concept and three Extended Stream Ordering systems, and applies them to describe the 
extensive multiple-channel Nguku/KaRirra-Cooper Creek/Wilson River Confluence. 

The objectives of this Chapter are to develop a systematic description of a complicated 
landscape, to allow further quantitative examination in future Chapters. The aims of this Chapter 
are to provide methods, at landscape scale (tens to hundreds of kilometres) to identify regions 
of similar geomorphology and vegetation cover, and to relate the positions of features on 
anastomosed drainage networks using consistent stream ordering systems which take into 
account divergences as well as convergences. Identification of similar regions and relative 
positioning of features enables informed sampling and quantitative work covering all significant 
landscape types. 

Earlier researchers into river morphology focussed on physical characteristics such as sinuosity, 
sediment size, and were more descriptive; for instance, (Leopold 1962, Leopold 1994) or 
focussed on hydraulics applications, such as (Lane 1955). Many studies of anastomosed 
landscapes concentrate largely on either earth sciences (basing classifications physical features) 
or life sciences (on some aspect of vegetation cover). These methods required fieldwork to 
determine sediment and cross-section information, and used theoretical stream power 
equations which implicitly assumed a consistent flow regime, but this assumption does not hold 
for highly variable rivers such as the Nguku-Cooper Creek or KaRirra-Wilson River. (See Section 
6.2.1 for further discussion of landscape systematization). 

Strahler, Shreve and others developed methods to describe the connectivity and topology of 
channel networks, but excluded consideration of divergences such as those that occur in 
anastomosing systems (Strahler 1957, Shreve 1966, Woldenberg 1967, Drwal 1982). (See 
Section 6.2.2 for further discussion of drainage network systematization). 

In short, current literature lacks methods for structuring highly variable multiple channel 
systems (Marren 2010). Studies avoid the problem by concentrating on single-channel rivers, or 
single channels of a multi-channel system (Beyer 2006). Alternatively, they simplify the 
anastomosing reaches, for example by focusing on constriction points and assuming similarity 
amongst the downstream channels, as Bullard did for the Diamantina River (Bullard 2007). 
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Section 2.6 identifies a general opportunity to improve the terminology and methodology for 
studying multiple-channel systems; Section 3.2.4 identifies Confluence-specific knowledge gaps. 
The Research Questions of Section 3.3 that address some of the Confluence-specific knowledge 
gaps are all based on quantifying the subjective human experiences, or stories, about flow 
behaviours on anastomosed systems, specifically the Nguku/KaRirra-Cooper Creek/Wilson River 
Confluence. Consequently, all rely on consistent and objective methods of describing multiple 
channel flows over time, starting on the foundation of structure. 

The Confluence is striking in the extent and complexity of its floodplain and component channel 
systems and their flow regimes. This thesis, which uses remote sensed data over many decades, 
needs to ensure the necessarily-restricted sampling adequately covers the Confluence’s many 
features, and that any quantitative work is based on objectively selected and topologically 
comparable samples. Previous systems fail to provide these assurances as they do not 
incorporate vegetation as a first-level discriminator for classification, and they do not account 
for divergent and re-convergent drainage networks. 

Consideration is required of all landscapes contained within the Confluence study area (refer to 
Figures 2.3 to 2-5), but there is an absence of detailed quantitative metrics at the whole-of-
floodplain scale. Thus the first step in systematizing the Confluence uses remote sensed imagery 
to divide the area into geomorphologically-similar divisions. Section 6.2 describes existing 
methods of systematizing landscapes and drainage networks, and their inability to adequately 
represent landscapes like the Confluence. Section 6.3 addresses the diversity of Confluence 
landscape forms and develops a simple structuring tool based on area characteristics at the 
landscape scale – the Landscape Unit. Section 6.4 extends three stream ordering concepts to 
convergent as well as divergent drainage networks – the Extended Strahler Order, Extended 
Shreve Magnitude, and Extended Topological Dimension. Section 6.5 applies Landscape Units 
and extended stream ordering tools to the Confluence. 
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6.2 Existing Methods for Classifying Landscapes and Drainage Networks 

As discussed in Chapter 2, temporary rivers form an important ecological and social resource in 
many parts of the world. Multiple channels commonly form in response to the energetics of 
efficiently transporting water (and sediment) across low-relief environments (Huang 2007). 

Knighton and Nanson classified types of multiple-channel drainage networks based on sediment 
characteristics, stream energy and discharge, and channel shape, although they also included 
climate, flow regime, and vegetative environment as additional discriminants. Channel shape is 
related to bank erodibility/cohesion, and bank material can contain different proportions of 
organic materials and clays; dryland rivers are typically dominated by the latter (Nanson and 
Knighton 1996). In a similar vein, Nanson and Croke focussed on floodplain structures, 
concentrating on the geomorphic processes that carved and aggraded different channel 
arrangements (Nanson and Croke 1992). 

Using Nanson’s 1996 schema, anastomosis is a particular type of multiple channel river whose 
stable channels possess cohesive banks with cross-sections resembling canals, and channel 
migration occurs by avulsion. The dryland clay-dominant Confluence is a specific example of 
such an anastomosed system (Nanson and Knighton 1996). 

Systematizing an anastomosed river reach involves systematizing its component channels, 
which may number in the thousands, and their associated banks and floodplains. The extreme 
case is channel breakdown where there is no identifiable channelization as water travels 
between an upstream and downstream extent. Parameterisation of hydrological models 
typically reflects flows in channels but this approach strikes difficulties where flows are not 
channelized (such as large-scale sheet flows or flows through dune fields or gilgai) and a means 
of systematizing a landscape rather than a channel becomes necessary. 

In extremely flat country, if a large flow cannot drain fast enough, water can back up low-
gradient tributaries or anabranches, making even the terms “upstream” and “downstream” 
problematic (Nanson 2012). The Confluence exhibits these characteristics. 

 

6.2.1 Existing Landscape Classification Approaches 

The way a channel forms depends the water that flows in it, and on the land and vegetation it 
flows through (Corenblit, Baas et al. 2011), and in turn the channel will control the flora and 
fauna that depend on the water it delivers (Capon 2004, Bunn 2006). Areas with similar physical 
characteristics (such as slope, sediment materials, channel size and shape, and vegetation type 
and cover) can therefore be treated as a landscape type, as the flow will behave similarly. 

A range of approaches has been used to classify the landscapes that occur along river reaches. 
Some approaches focus on channel characteristics. For instance, Beyer and Church related 
scouring/erosion vs filling/deposition characteristics with slope and position in the drainage 
basin. (Church 2002, Beyer 2006). Allan used a hierarchical description of a river along scale and 
sediment lines (Allan 2004). These approaches require a knowledge of the physical makeup of 
the landscape, normally obtained through fieldwork (surveys, sediment cores etc) that only 
samples a limited number of locations.  
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Another landscape classification approach uses remote sensing to allocate regions of an image 
to a predetermined set of classes. For example, Xiao used Landsat TM to generate pixel-based 
cropland classifications in China (Xiao 2002). Ruan and Ustin refined land cover classification 
using Landsat ETM+ data, taking an initial spectral classification and applying ground-truth based 
rules and logical constraints for pixel neighbourhoods (Ruan and Ustin 2012). 

On a global scale, Thenkabail has produced an irrigation map by integrating vegetation index 
data from the Advanced Very High Resolution Radiometer (AVHRR), Système pour l'Observation 
de la Terre Vegetation (SPOT VGT), Japanese Earth Resources Satellite-1 Synthetic Aperture 
Radar (JERS-1 SAR), rainfall and forest information, and a digital elevation model. Elevation, 
temperature and precipitation zones were used to segment the world data set before applying 
spectral analysis and decision tree classifications, to provide maps of irrigation potential, extent 
and intensity (Thenkabail 2009). The process does can only be applied when sufficient input data 
is available, which may not be the case in sparsely-instrumented regions such as the Confluence. 

Physically-meaningful landscape characteristics have been applied to model extensive wetland 
systems, including in dryland settings, using simplifications based on a combination of land use, 
drainage network and elevation, all derived from remote sensed data; see for instance (Biftu 
and Gan 2004). But these are not easily applied to complex drainage networks and flat areas 
such as on the Confluence. 

At a more localised scale, Szantoi used 30cm resolution remote sensed (aerial) data to classify a 
wetland by species, based on spectral and texture information (Szantoi, Escobedo et al. 2013), 
but this method is not suitable for coarser resolutions such as those typically available from 
Landsat and similar Earth observation satellites. 

As Carling identified, vegetation plays an important reach-scale role in drainage network 
development (Carling, Jansen et al. 2014). Vegetation can play a stabilising role where its root 
systems reinforce channel banks. Or it can obstruct flows and focus erosive forces, scouring 
around large woody debris (Knighton 1998, Ladson 2008). Roth worked at local, reach and 
regional scale when assessing vegetation characteristics (Roth 1996). Each channel or section of 
channel may have different characteristics and treating each channel in an area like the 
Confluence as a separate entity can become an unmanageable task for anastomosed systems at 
reach or larger scale. 

Figure 6-1 illustrates some channel-, feature- and area-based landscape classification schemes 
at a range of scales and with a range of purposes, showcasing a variety of formats and 
approaches. At Figure 6-1(a) basin scale, there is an implied one-way steady sequence of upland-
upland valley-floodplain valley-large river. This is only partly applicable to the Nguku-Cooper 
Creek, due to its highly variable flow, very low gradient and backflows, and significant sediment 
deposition and evaporation losses leading to the river decreasing towards its terminus. 

Figure 6-2(b) defines the terminology used in this thesis for scale, with its focus on stream, 
segment, and up to reach level. Figure 6-2(c) regional scale shows a typical area-based 
classification, similar in concept to the scheme of upcoming Chapter 7. Figure 6-2(d) basin scale 
shows one approach to classifying individual floodplains by the level of human activity. And 
Figure 6-2(e) demonstrates Thenkabail’s area-based classification on a global scale. 
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Figure 6-1 Examples of Existing Landscape Classification Approaches. 
  

(b) Reach scale – channel classification based on sediment 
size and habitat. After (Allan 2004). 
 

(a) Basin scale – classification of 
channels. After (Church 2002). 
 

(c) Regional scale – freshwater wetlands and ground cover areal 
classification, Nanjing. After (Xiao, Boles et al. 2002). 
 

(e) Global scale – the world’s irrigated and rain-fed 
croplands mapped from Landsat and other data. After 
(Thenkabail 2009). 

(d) Basin scale – Murray-Darling Basin 
floodplains classified by flow alteration. 
After (Sims, Chariton et al. 2012). 
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6.2.2 Existing Drainage Network Classification Approaches 

The classification of individual channel types has been based on characteristics including: 
sinuosity; number of braids per meander wavelength; channel bifurcation angle; size and shape 
of alluvial islands; and cohesiveness of sediments. These criteria (from, amongst others, (Nanson 
1992, Petts and Calow 1996, Makaske 2001, Church 2002, Fagan and Nanson 2004, Roshier and 
Rumbachs 2004, Eaton 2010, Sims, Chariton et al. 2012)) focus on a single channel.In terms of 
the study area Confluence, Knighton and Nanson have previously classified channels into 
primary/secondary/tertiary channels (in decreasing depth/width sequence), activating during 
low to moderate flows and often incorporating waterholes, and much broader and shallower 
floodways that activate during overbank conditions (Knighton 2002). 

Waterbodies have been described in four groupings: waterholes, rockholes, outcrop springs and 
discharge springs; the last does not appear on the Confluence (Fensham, Silcock et al. 2011). 
Rockholes (hollows that fill from local runoff) or outcrop springs (where aquifers come to the 
surface) can be relatively long-lived. Although “native wells” – potentially rockholes or outcrop 
springs - were recorded at rock outcrops on the Confluence, none were identified for this thesis 
and may no longer be functioning (see Chapter 9). The most common waterbody type, the 300-
odd waterholes of the Confluence have been organised by perceived persistence (Silcock 2009), 
or by creation mechanism, at points of scour or flow concentration such as sand dunes or at 
channel convergences (Knighton 2002). Knighton also quantified waterhole length, width and 
sinuosity depending on whether they were restricted on both, one or no sides (eg by dunes), 
and whether they took primary flows, secondary channel flows, or were disconnected from the 
main channel system (Knighton 1994). 

Channel and waterhole connectivity is important environmentally to disperse or segregate 
species and transmit water flows across regions. Stream ordering is extensively used to 
systematize catchment stream characteristics including connectivity. It is a convenient method 
of classifying streams as part of study sample design. Within limitations, it is considered to reflect 
the stream segment’s relative size, sub-catchment area and discharge in the catchment. 
(Knighton 1998). However, the use of the word “stream” in the literature implies only a single 
channel was considered; this thesis needs to apply the concepts to a multiple-channel river. 

Historically, the first stream ordering systems were defined by Gravelius in 1914 (and revisited 
by Hack in 1957), and Horton in 1945 (Drwal 1982, Knighton 1998). The Gravelius/Hack system 
can obscure the relative complexity (hence significance) of different sub-catchments. Although 
Horton’s system reflects main stream and tributary significance, it can ambiguously assign the 
highest orders to the most branched parts of the network rather than the ones with the most 
inflow contributions. 

In 1957 Strahler adapted the Horton concept to use the hierarchy of tributaries, with the main 
stream emerging from the tributary structure rather than being predefined. The Stream Order 
of a channel downstream of a junction takes the higher value of its upstream tributaries, 
reflecting the structure but not necessarily magnitude of its contribution. The Strahler Stream 
Order is mathematically-based and gives the height of the largest binary tree upstream of the 
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node but does not distinguish the main channel. It does not differentiate the relative sizes of 
tributaries or account for all tributary contributions. 

To address this, in 1966 Shreve developed Stream Magnitude to take into account the 
contribution of tributaries not just their location in the network; the channel magnitude 
downstream of a junction is the sum of the magnitudes of its upstream tributaries(Shreve 1966). 
The Shreve Stream Magnitude is mathematically simple but loses the binary tree property of the 
Strahler system. However, it reflects all tributary contributions to a channel, although it still does 
not quantify each tributary’s relative contribution. 

An alternative approach, based on graph theory rather than drainage network hierarchy, is the 
Topological Dimension, which assigns 1 to the drainage network outlet (downstream end) and 
propagates upstream calculating each tributary’s topological distance from that outlet 
(Woldenberg 1967, Jasiewicz and Metz 2011). Topological Dimension, like the Strahler Stream 
Order, is mathematically-based and gives the height of the largest binary tree upstream of the 
origin node. But unlike Strahler it uses the main channel as the root of the tree. The Topological 
Dimension (or Topological Diameter) reflects branching patterns and drainage densities in a 
catchment, but once again it does not identify differences in tributary size. 

Figure 6-2 illustrates some aspects of drainage network classification. Figure 6-2(a) defines the 
drainage network terminology used in this thesis to describe the Confluence channels. Figure 6-
2(b) does likewise for channel shape. 

A range of stream ordering methods and how they emphasize different characteristics is shown 
in Figure 6-2(c). For the channel network A, the 1957 Strahler method (B) puts the emphasis on 
major tributaries in the network, whereas the 1954 Horton method (C) identifies the longest 
flowpath, neither taking into account inflow magnitudes. The 1967 Shreve method (D) shows 
how the size of the stream grows with successive tributary input. The 1957 Hack/Gravelius 
method (E) is similar to Strahler’s but adds more information about the longest flowpath along 
each major tributary at the expense of each sub-catchment’s complexity. Lastly, the 1991 
topological dimension method (F) focusses primarily on tributary proximity to the outflow of the 
system. Note that the demonstrator network A has no divergences and no backup flow, unlike 
the Confluence which has both. 

 

6.2.3 Application of Existing Approaches to Anastomosed Systems 

None of the above approaches specifically address the multiple channel case. Additionally, 
Carling identifies three main issues. Firstly, planform alone (traditionally obtained from surveys, 
or more recently remote sensing and GIS) is insufficient to unambiguously define river type. 
Secondly, the metrics of sedimentation and other geomorphological data contain inherent 
measurement uncertainties. And thirdly, channel metrics are difficult to determine particularly 
as they can be stage-dependant, that is, variant with discharge (Carling, Jansen et al. 2014). 
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Figure 6-2 Examples of Existing Drainage Network Classification Approaches. 
  

(a) Drainage network types. After 
(Gordon, McMahon et al. 2004). 

(b) Channel shape types. After 
(Belmont 2018). 

(c) Stream ordering types showing how different schemas emphasize different aspects of 
the drainage networks – A: example network, B: Strahler (1957), C: Horton (1954), D: 
Shreve (1967), E: Hack/Gravelius (1957), and F: Marani/topological dimension (1991). 
After (Jasiewicz and Metz 2011) 
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Existing landscape classification is largely based on pixel-sized remote sensing methods, or on 
fieldwork surveys, and as discussed earlier, often concentrates either on flora or on 
geomorphology. Landscape features such as the distinctive gilgai regions are not easily defined 
at pixel level yet are easy to identify manually at reach scale. Many features in the Confluence 
study area are significantly smaller than the 30m resolution of the available Landsat data, so 
classification using texture was not considered feasible as training datasets for the putative 
categories could not be defined, and no other long-duration dataset is available. Channel-based 
classifications ignore the significant inter-channel regions and are impossible to apply in the 
gilgai or channel breakdown areas. For these reasons, automated area-based classifications, 
using Landsat data cannot reliably identify landscape structures. 

Existing stream ordering methods assign numbers to channels that reflect each channel’s 
significance to the drainage network (Drwal 1982, Gordon, McMahon et al. 2004). These stream 
ordering systems are based on the assumption of a convergent channel system, and do not have 
a mechanism for divergence. The rules, and thus the methods, are currently restricted to 
convergent flows, making them unsuitable for anastomosed rivers. 

For the purposes of this thesis, where only general landscape classification at a reach scale is 
required, the existing approaches are inadequate for the landscapes under study, overly 
complex computationally, or not possible due to lack of data. As the focus of the thesis is 
elsewhere, manual classification of landscape based on GoogleEarth imagery is considered 
sufficient to ensure that field work and sampling cover a representative range of landscape and 
waterhole types on the Confluence. This thesis will concentrate on major tributary identification, 
channel size identification, and distance from outflow, for the multiple-channel Confluence case. 

 

 

6.3 A Tool for Classifying Landscape Components – The Landscape Unit 

A manually-determined Landscape Unit is used to divide the Confluence into similar regions, and 
also classify similarly-shaped waterholes. This method is not dissimilar to other landscape 
classifications such as Fagan’s analysis of channel patterns and their geomorphological drivers 
on the Confluence (Fagan and Nanson 2004) but with a novel twist using the combination of 
both geomorphology (drainage network) and vegetation. There emerges a visible distinction 
between the Nguku-Cooper Creek and KaRirra-Wilson River on the anastomosed Confluence.  

 

6.3.1 A Landscape Unit Classification of an Anastomosed Floodplain 

GoogleEarth imagery (CNES/SPOT sub-5m resolution snapshot, downloaded 23 April 2012) is 
used to visually define nine landscape categories on the floodplain, plus three waterhole types. 
The Confluence study area Landscape Unit (LU) classification is drawn manually using ArcGIS, 
with the coordinates of the regions identified in GoogleEarth being applied to a Landsat 5 image 
(Path/ Row 96/79 dated 14 December 2003, DNRM reference 
l5tmre_p096r079_20031214_dbgm4). 
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Visual inspection, together with field experience of the Confluence, reveals regions with 
distinctive landscape types – meandering channels, linear channel networks, rectilinear channel 
networks, sandy constrained channels, sandy channel breakdowns, sand dunes, and gilgai (See 
Figure 6-3). The landscape can be divided into regions of different drainage network types. 
Additionally, the regions can be characterised as either heavily or sparsely vegetated, depending 
whether there is more or less than 50% vegetation present. 

Similarly, the waterhole shapes have been determined by visual inspection of the same imagery 
(see Figure 6-4). Waterholes can be formed through three main processes: restriction (for 
instance, between or around dunes or rock outcrops), convergence (of channels), or erosion 
(scour). Examples of waterholes formed by restriction include Tooley Wooley and Little Tooley 
Wooley (Interdune) and Yotally and Padi Padi (around a dune and an outcrop respectively). 
Waterholes formed by convergence of Nguku/KaRirra-Cooper Creek/Wilson River channels 
and/or other tributaries include Naccowlah and Tookabarnoo; these have been classed as Linear 
due to their low sinuosity. Meringhina, with its sweeping bends, has been posited as a remnant 
meander of the Cooper Creek from a time when channel-forming flows were up to 7 times 
greater than the current flow regime (Nanson, Price et al. 2008); Goonababbina exhibits the 
same sweeping meanders. Waterholes along primary channels with large-radius bends and 
sinuosities above ~1.2 have been classified as Large Meander Waterholes (Note that this does 
not automatically qualify the channel as meandering, as channel sinuosity remains below 1.5, 
and some channels have similar sinuosity but only at small wavelengths, such as Naccowlah). 

The criteria are purely “Mark 1 Eyeball” as this will satisfy the first step landscape 
systematization requirement for this particular thesis. Flow paths can be surmised from the 
amount of vegetation (or moisture response) in a region, and also from the size and distribution 
of the channels. The Landscape Units (including waterhole shapes) are merely an aid to ensuring 
all feature types in the study area have been considered for sampling. 

In summary, using the landscape and waterhole types in Figures 6-3 and 6-4 to produce a map 
of Landscape Unit types (Figure 6-6) breaks down the complexity of the floodplain and 
accentuates the distinction between Nguku-Cooper Creek and KaRirra-Wilson River. Table 6-3 
contains a summary of the sampled waterhole characteristics. 

 

 

6.4 Tools for Anastomosed Drainage Networks – Extensions of Stream Ordering Systems 

For this thesis, one of the aims is to position water features within a drainage network that 
included anastomosis. Thus the second step in systematizing the Confluence study area extends 
the Strahler Stream Order, Shreve Stream Magnitude, and Topological Dimension concepts to 
allow for distributary as well as tributary drainage networks, and applies them manually to the 
largest channels that appear on the Confluence network. 
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Figure 6-3 Landscape Units of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence. The LUs are a combination of vegetation 
(sparse/vegetated), drainage network (meandering/linear/rectilinear/gilgai with its honeycomb pattern/breakdown) and geology (sand/silt). 
Scales indicated by cyan bars. Images courtesy GoogleEarth.  
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Figure 6-3 Landscape Units of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence (continued).  
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Figure 6-3 Landscape Units of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence (continued). 

 

 
Figure 6-4 Waterhole Shapes on the Nguku/KaRirra-Cooper Creek/Wilson River Confluence. Meandering waterholes occur along larger 
channels on the Confluence, linear waterholes at channel convergences, and interdune channels around sandhills. Scales indicated by cyan bars. 
Images courtesy GoogleEarth.  
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6.4.1 Terminology 

Figure 6-5 defines the terms to be used in this thesis. A parent channel is the main channel 
entering an area of anastomosis. An aunt channel is of similar magnitude, but different origin, 
to a parent channel. Channels diverging from a parent channel are child channels (siblings of 
each other), and so on down the generations (grandchild etc). Channels diverging from an aunt 
channel are cousins of the child channels. This arrangement allows for flows to cross from an 
aunt system to the parent system via cross channels. Tributaries and convergences are used with 
their normal meaning. A termination covers the eventuality that a channel “floods out” (or 
ceases to flow at a location due to losses). Springs and resurgences are treated as tributary 
inflows unless the flowpath is an unambigious continuation of an earlier termination, in which 
case the channel is considered to connect via a subsurface flow. 

The thesis refers to flowpaths within the anastomosed system as resolved or unresolved. For a 
resolved divergence, all the parent’s child channels re-converge back into a single channel 
downstream. For an unresolved divergence, not all child channels re-converge downstream; 
there are losses to other (aunt) channels, or terminations. 

 
Figure 6-5. Definitions for Anastomosis Extension to Stream Ordering Systems. 

 

6.4.2 An Extension Concept to Incorporate Anastomosis 

As described in Section 6.2.2, Strahler Stream Order (SO) provides a good indication of the length 
(in stream segments) and bifurcation structure of a catchment, but does not track flow 
accumulations. The Shreve Stream Magnitude (SM) reflects some, but not all, tributary inflows 
but loses the drainage network structural information. The Topological Dimension (TD) gives 
similar information to the Strahler method, with the advantage that upstream extent details can 
be expanded without causing a renumbering of the whole network (Jasiewicz 2013). All these 
stream orderings are currently constrained to convergent drainage networks. This thesis 
proposes extending all three to divergent drainage networks using a “split” operator at channel 
divergence locations. 
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Table 6.1 Anastomosis Extension Method Applied to Existing Stream Orders – Basic Rules and Extension Rules. 

METHOD BASIS RULES BASIS AND ANASTOMOSIS EXTENSION EXAMPLE ANASTOMOSIS EXTENSION RULES 

Strahler 
Stream 
Order  

(Strahler 
1957) 

 

 

Allocate Strahler 
Order (SO) to a 
channel with: 

 Zero 
tributaries: 
SO=1; 

 Tributaries 
with different 
SO’s = the 
greatest 
existing SO; 

 Tributaries 
with the 
same SO: 
SO=SO+1. 

 

 
 

 

 

Define Extended Strahler Order (ESO), consisting of 
immediate upstream Strahler Order m and a split 
number, notation mn. 

DIVERGENCE 
 First split: ESO = upstream SO with split value n=1. 
 Subsequent splits: previous ESO with split value 

increment (no change to main SO value). 

CONVERGENCE 
 Non-anastomosed tributaries carry standard SO 

values. 
 Non-anastomosed SO plus anastomosed mn:        

if (m<SO) then ESO=SO, else ESO=mn. 
 Two anastomosed ESOs with same m and n: 

ESO=mn-1. 
 Two anastomosed ESOs with same m:   

ESO=mmin (n1,n2). 
 Two anastomosed ESOs with different m and n (ie 

different branch system):                 
ESO=max(m1,m2) min(n1,n2). 
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Table 6.1 Anastomosis Extension Method Applied to Existing Stream Orders – Basic Rules and Extension Rules (continued). 
METHOD BASIS RULES BASIS AND ANASTOMOSIS EXTENSION EXAMPLE ANASTOMOSIS EXTENSION RULES 

Shreve 
Stream 
Magnitude 

(Shreve 
1966) 

 

Allocate Shreve 
Magnitude (SM) 
to a channel 
with: 

 No 
tributaries: 
SM=1; 

 Confluence of 
tributaries: 
SM = sum of 
the tributary 
SM’s. 

 

 
 

 

Define Extended Shreve Magnitude (ESM), consisting of 
immediate upstream Shreve Magnitude m and a split 
number, notation mn. 

DIVERGENCE 
 First split: ESM = upstream SM with split value n=1. 
 Subsequent splits: previous ESM with split value 

increment (no change to main SM value). 

CONVERGENCE 
 Non-anastomosed tributaries carry standard SM 

values. 
 Non-anastomosed SM plus anastomosed mn: 

ESM=(SM+m)n, and remember the m. 
 Two anastomosed ESMs with same m and n: 

ESM=mn-1. 
 Two anastomosed ESMs with same m: 

ESM=m((n1+n2)/2 -1). 
 Two anastomosed ESMs with different m and n, first 

instance of both m’s (ie different branches):         
ESM= (m1+m2)((n1+n2)/2 -1), remember the m’s. 

 Two anastomosed ESMs with different m and n where 
an instance of one m has already occurred (ie already 
started counting contribution of parent channel m): 
ESM= (the other m)((n1+n2)/2 -1). 

 Two anastomosed ESMs with different m and n where 
both m’s have already occurred (ie already started 
counting contributions of both parent channels): 
ESM= max(m1,m2)((n1+n2)/2 -1). 
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Topological 
Dimension 
Stream 
Order 

(Marani, 
Rigon et al. 
1991) 

 

 
Allocate 
Topological 
Dimension Order 
TD as follows: 

 Catchment 
outlet 
channel:      
TD =1; 

 Channels 
directly 
upstream of 
1st 
confluence: 
TD =2; 

 Channels 
directly 
upstream of 
confluence in 
channel with 
Order TD:   
TD = TD +1. 

  

 
Topological dimension is the number of channel 
or stream segments between segment and outlet: 

 

 
Define Extended Topological Dimension ETD, consisting 
of immediate downstream Topological Dimension m and 
a split number indicating divergence n. 

DIVERGENCE (note streams come together in direction of 
numbering) 
 ETD = for each downstream channel, upstream 

ETD=downstream ETD+1, separated by  for all 
possible values (ie numbers of segments in all 
possible flow paths) ie for downstream m1n1… 
and m2n2…: 

 ETD = (m1+1n1+1…m2+1n2+1…) 
 Two variants possible 
 each ETD valued represented once, indicating only 

the range of topological distances of a segment (eg 
for the top segment, 469), OR 

 every ETD value listed, indicating also how many 
different paths exist and the number of divergences 
(eg for the top segment there are 5 downstream 
network divergences, and the ETD is 
444699, or 444996 or if a left-
to-right sequence convention used). 

CONVERGENCE (note streams divide in direction of 
numbering) 
 Non-anastomosed ETD value m:                                  

ETD = m+1 for both tributaries. 
 Anastomosed ETD value m2n2…:                         

ETD = m+1n+1… for both tributaries. 
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Table 6.2 Advantages and Limitations of Stream Ordering Systems and Extensions. 

METHOD ADVANTAGES AND LIMITATIONS ADVANTAGES AND LIMITATIONS OF EXTENSION 

Strahler 
Stream 
Order  

(Strahler 
1957) 

 

ADVANTAGES: 
 Mathematically-based. 
 Gives height of largest binary 

tree upstream of the node. 
 
LIMITATIONS: 
 Does not distinguish main 

channel. 
 Does not account for all tributary 

contributions. 
 Does not differentiate tributary 

size. 

ADVANTAGES: 
 Allows ordering of channels that diverge from the same or from different parent channels. 
 Allows for child channels to re-converge, join adjacent aunt channel systems, and to terminate. 
 Takes largest channel as dominant (ie maximum m and minimum n values). (In the example at the 

lower end, ESO 2 overrides ESO 32). Same philosophy as SO. 
 Split value is decremented when two channels of same order converge. (In the example, 34 

joining a 34 results in a 33). Same increment philosophy as SO. 
 Unless dominated by a larger downstream channel, child channels that terminate will result in non-

integer ESO values at the system outflow. The  indicates the most upstream loss location. (In the 
example, 31 indicates most upstream loss from parent 3 channel at the 32 level. 

 There is also the possibility of gains to a channel if cousin channels join. 
 
LIMITATIONS: 
 ESO loses the mathematical binary tree structure. 
 Same disadvantages as standard Strahler Order. 

Shreve 
Stream 
Magnitude  

(Shreve 
1966) 

 

ADVANTAGES: 
 Reflects tributary contributions 

to a channel. 
 Mathematically simple. 
 Allows ordering of channels that 

diverge from the same or from 
different parent channels. 

 
LIMITATIONS: 
 Does not differentiate tributary 

size. 
 Allocates highest magnitude to 

channel with most branches, not 
necessarily largest. 

ADVANTAGES: 
 Allows for child channels to re-converge, join adjacent aunt channel systems, and to terminate. 
 Adds channel and subchannel contributions conservatively, so if all child channels recombine the 

net effect on the parent channel is as if no anastomosis occurred (in other words, the convergence 
is resolved). Similar additive philosophy as SM. 

 Split value is decremented when two child channels of same magnitude converge. (In the example, 
34 joining a 34 results in a 33). Same additive philosophy as SM, but avoids double-counting. 

 Child channels that terminate will result in non-integer ESM values at the system outflow. The  
indicates the proportion lost from the parent channel. (In the example, 70.75 indicates 
cumulative upstream losses from parent 3 channel. Note it is considered a loss to the parent 
channel if a child channel joins an aunt channel’s system. 

 There is also the possibility of gains to a channel if cousin channels join. 
 
LIMITATIONS: 
 Same disadvantages as standard Shreve Magnitude. 
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Topological 
Dimension 
Stream 
Order 

(Marani, 
Rigon et al. 
1991) 

 

ADVANTAGES: 
 Mathematically-based. 
 Gives length of longest binary 

tree downstream of the node. 
 Reflects branching pattern and 

drainage density in a catchment. 
 
LIMITATIONS: 
 Does not differentiate tributary 

size. 
 Does not distinguish main 

channel. 
 

ADVANTAGES: 
 Allows ordering of channels that diverge from the same or from different parent channels. 
 Allows for child channels to re-converge, join adjacent aunt channel systems, and to terminate. 
 Topological dimension for all segments included. Same philosophy as TD. 
 ETD values are incremented by 1 at a junction whether divergent or convergent, as either case 

results in another segment. Same increment philosophy as TD. 
 The number of  for ETD indicates the number of divergences downstream of that stream 

segment. There is no information about the relative locations of those divergences and where any 
terminations occur. (Although a left-to-right convention can be applied to the “every ETD value” 
variant of ETD chains). 

 There is also the possibility of gains to a channel if cousin channels join – this may result in sudden 
jumps in ETD values and chain lengths. 

 
LIMITATIONS: 
 ETD loses the mathematical binary tree structure of TD. 
 ETD can result in long chains of TD values for heavily divergent areas, which must then be 

propagated throughout all upstream drainage networks. 
 Same disadvantages as standard Topological Dimension. 
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6.4.3 Extension Methodology 

Using the terminology of Figure 6-5, Strahler Stream Order (ESO), Shreve Stream Magnitude 
(ESM), and Topological Dimension Stream Order (ETD) are extended for an anastomosed 
drainage network, by defining rules for convergence, divergence and within-reach termination. 
The “split” operator  is introduced to record how many times a parent channel has bifurcated. 
From an original channel with ordering m, the two child channels take on a “split number” n, 
and are ordered as mn. The convergence treatment of m and n differs, to prevent double-
counting of the same water. For resolved reaches with no losses, downstream endpoint 
orderings are identical to the upstream endpoints; for unresolved reaches, losses and their 
approximate location can be identified from the difference between upstream and downstream 
endpoint ordering. 

The Strahler, Shreve, and Topological Dimension methods all have different base rules, resulting 
in slightly different rules for the incorporation of the “split number” concept. Table 6.1 describes 
the anastomosis extension rules for each of the stream ordering systems, and Table 6.2 their 
advantages, disadvantages and compatibility with the existing systems. The rules have been 
extended by applying a consistent philosophy when flows diverge or terminate. The extension 
concept did not eliminate existing disadvantages of each method, neither was it intended to. 

Table 6.1 details rules and examples for the three basic methods and their extensions. To 
demonstrate ESO and ESM, the inlet is arbitrarily assigned a value of 3, and sources (tributaries, 
springs etc) are assigned a value of 1. The extension rules are then applied in the nominal 
downstream direction. For ETD, the outlet is assigned a value of 1 and the extension rules are 
applied in the nominal upstream direction. The rules are designed to indicate whether a channel 
has terminated before the outflow, for instance at a channel breakdown or swamp area, so the 
magnitude and location of losses caused by channel terminations can be identified. 

Refer to Figure 6-7 for ESO. At this level of analysis, the breakdown area “?” is ignored, and the 
upstream/downstream channel is considered continuous. The starting points, Meringhina WH 
and the Wilson River, are arbitrarily assigned ESO values of 3 and 1 respectively (asNguku- 
Cooper Creek starts further upstream but KaRirra-Wilson River is near its source). At the first 
divergence, at the end of Meringhina WH, the two channels are assigned ESOs of 31. The 
western (left) branch splits almost immediately into two 32 channels before re-combining to 
a 31, and this happens twice; the third time, the (yellow) 32 becomes two 33 sibling 
channels (yellow and teal), which the converge with cousin channels (blue and green). And so 
on. Note the outlet ESO of 31 indicates that there has been a terminating channel (as the 1 
indicates an unresolved divergence).  

Refer to Figure 6-8 for ESM. The breakdown area and starting points are treated the same as for 
ESO in Figure 6-7. Divergence is treated similarly to ESO in Figure 6-7. Convergence increases 
the main ESM value to the larger of the converging main ESMs, reflecting the number of 
upstream contributory channels; the value becomes a function of the  values of the 
converging channels.  
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For instance, when the cyan 334 joins the blue 421.5, the convergence becomes 431.75 as 
follows: 
 both main ESMs 3 and 4 have already occurred as indicated by the superscript, so use 

max[3,4] to get the third instance of 4; and 
 for the split values ((4+1.5)÷2))-1=1.75). 

Superscripts track how many times that ESM number has already appeared in that upstream-to-
downstream path to help account for each segment; they do not form part of the final ESM. 
Note the outlet ESM of 43/16 indicates that there has been a terminating channel (as the 
3/16 indicates an unresolved divergence).  

Refer to Figure 6-9 for ETD. At this level of analysis, the breakdown area “?” is ignored, and the 
upstream/downstream channel is considered continuous. The starting point is the outlet, Nappa 
Merrie WH, arbitrarily assigned an ETD of 1, and the end points are the two inlets, Meringhina 
WH and the Wilson River. The white  symbols on the map show locations where channels do 
not resolve to form a diverge-converge pair. At the first convergence, the ETD of 1 goes to two 
channels of ETD 2, and so on in the nominal upstream direction. At the first divergence, the 
‘upstream’ channel takes an ETD that reflects all its ‘downstream’ contributors. For instance, 
when the green channel ETD 3 and yellow channel ETD 44 meet at a divergence point, the 
channel immediately ‘upstream’ of the divergence point becomes ETD 4 55 (one up from 3, 
and one up from each of the two possible paths 44). The long-form ETD 455 reflects how 
many different paths exist and gives every path length from Nappa Merrie to this segment, the 
short form ETD 45 gives just the range of path lengths that reach this segment. The uppermost 
short-form ETD value 58910 at Meringhina WH has three  which corresponds with the 
three unresolved divergences. 

 

6.4.4 Limitations 

The following limitations are required on the catchment characteristics to enable the 
development of simple channel divergence, convergence, and termination rules: 
 A maximum of two channels converge to form a new channel. 
 When a channel diverges, a maximum of two channels form. 
 Losses to evapotranspiration and groundwater do not obscure channel interactions. 
 Nominal upstream and downstream directions can be assigned for all normal flows; 

backflows are considered abnormal. 
 The extension rules are restricted to two-dimensional networks. 

Subsurface flows whose path can be deduced from surface indications (eg separate water 
indications are clearly connected via a moisture response indication) are treated as surface 
flows; other subsurface flows are ignored. Unless the whole flow can be accounted for at an 
identifiable resurgence, the point at which a flow proceeds underground is considered a channel 
termination, and the point at which a flow re-emerges is considered a channel source. 

The limitation to two-way convergence or divergence is not unreasonable as channel junctions 
only rarely involve more than two channels (Hooke 2007). A visual inspection of the Confluence 
did not reveal any channel junctions beyond the two-way limitation.  
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6.5 Cooper Creek/Wilson River Landscape Units and Extended Stream Orderings 

The Nguku/KaRirra-Cooper Creek/Wilson River Confluence study area contains varied examples 
of drainage and vegetation patterns (recall Figures 6-3 and 6-4), and provides an opportunity to 
demonstrate the robustness of the landscape unit and extended stream orderings concepts for 
anastomosis.  

Figure 6-6 demonstrates Landscape Units (LUs) as applied to the Cooper Confluence. Figure 6-7 
demonstrates the Extended Strahler Stream Order (ESO) of the Confluence. Figure 6-8 
demonstrates the Extended Shreve Stream Magnitude (ESM) of the Confluence. And Figure 6-9 
demonstrates the Extended Topological Dimension Stream Order (ETD) of the Confluence. 
Application of the tools in this Chapter concentrates only on the major flow paths as identified 
through interviews and visual inspection of historical Landsat images 1984-2013. As indicated in 
Chapter 2, these are the most frequently filled channels, particularly at low-to-medium flows, 
and therefore important to identify in any study of water distribution patterns. Applied manually 
to the largest channels that appear on the Confluence network, each stream ordering reveals 
that for small to medium flows, there is a termination within the Confluence (Middle Swamp). 
The channel system breaks down in larger flows with complete inundation. 

This thesis has selected seven waterholes (out of approximately 300 named waterholes on the 
Confluence) on the basis of geographical spread, cultural significance and perceived persistence 
(permanent, intermittent or ephemeral), as revealed during interviews with pastoralists, and in 
other published materials (Piddocke 2009, Silcock 2009). (See map Figure 2.2 and photographs 
Figure 2.4). The waterholes are located at the geographic extents of the study area – North 
(Meringhina), East (Nockatunga), South (Yotally) and West (Nappa Merrie). 

This Chapter confirms the selection covers all three waterhole types identified in Section 6.3: 
 Linear (Naccowlah, Nockatunga, Tookabarnoo, Nappa Merrie); 
 Large Meander (Meringhina and Goonababbina); and 
 Interdune (Yotally, Padi Padi) waterholes; 

with all three subjectively-reported persistence levels: 
 Permanent (Meringhina, Nockatunga); 
 Intermittent (Naccowlah, Goonababbina, Tookabarnoo); and 
 Ephemeral (Yotally, Padi Padi). 

(Persistence classification will be quantified in Chapter 7). Table 6.3 shows that the seven 
waterholes represent most but not all LUs, and only a small range of ESO/ESM/ETD. Limitations 
in time and resources for fieldwork did not allow for sampling additional waterholes in the other 
LUs or stream segments. The small size of the sample will only allow investigative support for - 
not proof of - any pattern of waterhole type within a particular LU or ESO/ESM/ETD position. 
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Figure 6-6 Landscape Unit Distribution on the Nguku/KaRirra-Cooper Creek/Wilson River Confluence. Regions were allocated manually. 
Differentiation between the Cooper (mainly green) and tributaries including the Wilson (mainly pink) is much clearer than on the natural-
colour image in Figure 2-11. Landsat 5 image courtesy DNRM. 
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Figure 6-7 Extended Strahler Stream Order (ESO) of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence. The boxed values show how the 
rules in Table 6-1 for Extended Strahler Stream Order are applied to the Confluence significant channel system. Image courtesy Google Earth. 
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Figure 6-8 Extended Shreve Stream Magnitude (ESM) of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence. The boxed values show how the 
rules in Table 6-1 for Extended Shreve Stream Magnitude are applied to the Confluence significant channel system, and for convergence the derivation 
equations are also provided.  Image courtesy Google Earth. 
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Figure 6-9 Extended Topological Dimension (ETD) of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence. The boxed values show how the rules in Table 4-1 
for Extended Topological Dimension are applied to the Confluence significant channel system. The white  symbols on the map show locations where channels do not 
resolve to form a diverge-converge pair. Image courtesy Google Earth. 
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Table 6.3 Sampled Confluence Waterhole Locations in Terms of Landscape Unit and ESO/ESM/ETD. 

Waterhole 
(River) 

L/D = 

Sinuosity 
Landscape Unit 

Figure 6-3 
Waterhole Type 

Figure 6-4 ESO Figure 6-7 ESM Figure 6-8 ETD Figure 6-9 

Meringhina 
(Nguku/Cooper) 

2.5/2.1 km 
1.2 

Linear channels, 
vegetated Large Meander 3 (arbitrary start 

point) 
3 (arbitrary start 

point) 

58910 

(58101089
10109109
10910) 

Naccowlah 
(Nguku/Cooper) 

9.3/7.1 Km 
1.3 

Linear channels, 
sparse 

Linear 

(as small wavelength/ 
size meanders only) 

32 32 6 

Goonababbina 
(Nguku/Cooper) 

4.0/3.1 Km 
1.3 

Linear channels, 
sparse Large Meander 32 32 

56 

(566) 

Tookabarnoo 
(KaRirra/Wilson) 

3.7/3.5 Km 
1.1 

Sand-clay interface Linear 32 41.75 3 

Yotally 
(KaRirra/Wilson) 

1.2/1.1 Km 
1.1 

Gilgai, vegetated Interdune 32, W of 
breakdown 

42, W of 
breakdown 5, W of breakdown 

Nockatunga 
(KaRirra/Wilson) 

4.0/3.5 Km 
1.1 

Sandy constrained Linear 1, E of breakdown 1, E of breakdown 6, E of breakdown 

Padi Padi 
(KaRirra/Wilson 

tributary) 

1.6/1.4 Km 
1.1 

(Sandy 
constrained) (Interdune) N/A not major 

channel 
N/A not major 

channel 
N/A not major 

channel 
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There are some subtleties that appear in the application of landscape assessments in this 
Chapter. These are related to the assumptions and simplifications that have been used, and only 
some are likely to be researcher-dependent, so additional cautions should be exercised to 
maintain objectivity of the techniques. 

Looking at Table 6.3, it is apparent waterhole type assignment is affected by the scale of the 
assessment. Sinuosity cannot be used as the sole criterion to define waterhole type. Visually, 
the narrow 10 km Naccowlah Waterhole is a Linear waterhole. But if all its small changes of 
direction are measured, its sinuosity turns out higher than the sinuosity of the Large Meander 
waterholes of Meringhina and Goonababbina where the meander wavelengths and amplitudes 
are of the same order as the length of the waterhole. Interdune arc-shaped waterholes such as 
Yotally, consisting of one partial wavelength similar to waterhole length, will have sinuosities 
close to 1 yet might be very curved. It would be prudent to carry out manual assessments of 
waterhole type at a scale five to ten times the size of the waterhole (similar to the images of 
Figure 2-4 that were used in this Chapter) and use sinuosity as a guide at that scale. 

The Landscape Unit categories and the stream ordering extensions of this Chapter are based on 
a 2-dimensional drainage network consisting of parent and child channels. But the real 
Confluence is not a two-dimensional (surface) system. There is the deep laterally-stable set of 
channels that has been treated as 2-dimensional. In addition, there are also shallow braided 
floodways that only activate after a threshold flow is reached (Knighton 1994, Nanson 1996, 
Fagan and Nanson 2004), and shallow subsurface flow systems near waterholes that can 
recharge adjacent freshwater lenses (Cendón, Larsen et al. 2010). In other words, a better 
representation for the Confluence would be as a 2½-dimensional system (two interacting 2-
dimensional layers of channels plus floodways), or possibly a full 3-dimensional system if 
subsurface flows and aquifer connections are taken into account. 

Activation of floodways (or ‘gutters’) outside of large flows has been a rare event during the 
fieldwork duration of this project due to ongoing drought conditions (BOM-Climate). Shallow 
subsurface flows have proven difficult to detect using remote sensing, without specific 
groundwater fieldwork to establish the connectivity (Cendón, Larsen et al. 2010), as vegetation 
response may be to surface as well as subsurface flows. Therefore this thesis only considers the 
two-dimensional main channel system, as it is focussing on small-to-medium flows (the 
“Channel” and “Gutter” floods of Desert Channels Queensland’s Cooper Creek Catchment Flood 
Rules of Thumb; see Figure 6-10), and  the existing 2-dimensional assumptions for Landscape 
Units and stream ordering extensions are sufficient for that purpose. 

The 2½-dimensional nature of the channel-plus-floodway system on the Confluence is not 
directly represented by the existing Landscape Units but is indirectly flagged. Fagan examined 
the mechanisms and characteristics of the channel and floodway systems, concluding both 
systems are contemporaneous and interacting, and the linear form of the braided floodways is 
more common in areas which inundate more often compared to reticulated (rectilinear) regions 
(Fagan 2001). This finding is reflected in Rectilinear and Linear Landscape Units (Figure 6-3 (b) 
and (d) respectively), and concurs with my initial assumption that similar Landscape Units will 
have similar drivers. 
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(Although well outside the scope of this thesis, a 2½-dimensional “laminar” extension to the 
stream ordering concept could utilise an indexed stack of layers for main channels, floodways 
and sub-surface flows. Each channel would have two numbers – one for its layer and one for its 
position within that layer’s horizontal network. Junction rules would need to consider 
convergence/divergence within a layer, and between layers. The method could be used to 
investigate relationships between water features and divergence/convergence of flows within 
and between layers. It could also be used to as an adjunct to surveys of more complex three-
dimensional systems such as caves or aqueduct/canal/tunnel arrangements.) 

 
Figure 6-10 Main Channel and Floodway Networks Historical Frequency of Flooding 1882-2006. This 
information is for the entire Windorah reach; the Confluence would receive approximately 50% of the 
water and correspondingly fewer gutters would activate. After (DesertChannelsQueensland 2006). 

In summary, within the stated limitations, and for the purpose of ensuring effective sampling 
for the quantitative investigations of water behaviour on the Nguku/KaRirra-Cooper 
Creek/Wilson River Confluence in this thesis, the two new tools (Landscape Units and extensions 
to Strahler Stream Order, Shreve Stream Magnitude, and Topological Dimension) enable a 
structuring of a complicated multiple-channel landscape. The Landscape Units have accentuated 
the difference between the two rivers at their confluence floodplain, disentangling to which 
river features such as waterholes are more closely aligned. The extended stream orderings help 
identify channel hierarchy and classification for modelling and analysis. Environmental studies 
of anastomosed systems, including this one, can now be undertaken with a more systemised 
sampling methodology.  
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6.6 Conclusion 

Recall that the aim of this Chapter was to develop methods to manually systematize a 
complicated anastomosed floodplain in preparation for quantitative study. For this part of the 
thesis project, the objective was to ensure good sampled representation of the diverse 
landscapes and water features contained within the Nguku/KaRirra-Cooper Creek/Wilson River 
Confluence study area. The methods were to be simple and repeatable, and extendable to other 
river systems, without excessive reliance on theory or computation, as that was not the focus of 
this thesis. The examples are necessarily location-specific, but the principles are generalizable 
to other landscapes and rivers. 

The first step of systematizing the Confluence study area has been achieved using a manual 
division into geomorphologically-similar Landscape Units based on a combination of vegetation, 
surface sediment and water presence, including channel morphology. Nine types of landscape 
have been identified in the study area, and three waterhole types. The method itself can be 
applied to any complex landscape with visually distinguishable areas. The division of the 
Confluence into Landscape Units visually clarifies the structure and relationship between the 
two rivers, as seen in Figure 6-6, and also identifies the range of landscapes represented by the 
sample waterholes. 

The second step of systematizing the Confluence drainage network has been achieved with the 
extension of some common stream ordering systems by adding a “split” operator” and rules for 
convergence, divergence and within-reach termination. The Strahler Stream Order (SO), Shreve 
Stream Magnitude (SM), and Topological Dimension Stream Order (TD) methods cover different 
aspects (maximum upstream segments, cumulative flow; and maximum path length 
respectively). The extensions allow these stream ordering methods, which previously excluded 
multiple-channel reaches, to be applied consistently to these river reaches. Figures 6-7, 6-8 and 
6-9, as applied to the major channels on the Confluence, clarify the positional relationships for 
waterholes and the channels in the drainage network. 

The two methods presented in this Chapter have enabled the structuring of the Confluence, a 
complicated real-world example of a large anastomosed channel system. The Landscape Unit 
tool has confirmed that the selection of waterholes and sample sites for fieldwork includes a 
representative range of landscapes. The Extended SO/Extended SM/Extended TD tools have 
related waterhole and channel characteristics to their location within the drainage network 
topology, in preparation for quantitative study. 

This Chapter has been considering landscape-scale methods. The next Chapter will consider 
methods to classify the Confluence at pixel/feature-scale. 

 

 

Parts of this Chapter have previously been presented at MODSIM13 (Adelaide, 1-6Dec13), the 
11th International Symposium on Ecohydraulics (Melbourne, 8-12 Feb 2016) and the University 
of Melbourne Infrastructure Engineering Postgraduates’ Conferences (2011 to 2017, 
Melbourne). See Appendix A6 for details.  
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CHAPTER 7 – CHARACTERIZATION OF WATER, VEGETATION, AND 
WATERHOLES 
This Chapter concerns techniques for interpreting remote-sensed spectral data to 
tell the story of water on a landscape. At pixel level, it develops a WBV classification 
tool on the tri-axis of water, bare soil, or vegetation, taking into account the 
gradual transitions between the states. At a waterhole level, resent PIE, an 
objective persistence measure, for quantified classification into permanent, 
intermittent or ephemeral categories. 

 
7.1 Remote Sensing Characterization of Ground States and Waterholes 

The previous Chapter developed two landscape-level geomorphological tools to systematize the 
landscapes and drainage networks of heavily anastomosed river reaches (Landscape Units and 
extensions to stream ordering systems respectively). The tools were applied to the 
Nguku/KaRirra-Cooper Creek/Wilson River Confluence to determine the landscape type and 
stream ordering location of sampled waterholes, thus ensuring the necessarily-limited sampling 
covered as wide a range of characteristics as possible. This Chapter uses Landsat remote sensed 
data coupled with fieldwork measurements to systematize the detection and persistence of 
moisture at pixel- and feature-levels, again using the Confluence to demonstrate. 

The objectives of this Chapter are to characterize the presence of moisture (as water or as 
vegetation response) on a complicated landscape, to allow quantitative comparisons in future 
Chapters. The aims of this Chapter are to provide remote-sensed methods to identify moisture 
at pixel scale (as surface water and as vegetation response to soil moisture or subsurface water), 
and to quantify waterbody persistence at feature scale over extended timeframes (to objectively 
supplement current subjective classifications of waterhole permanence). 

Dryland rivers play an important role in supporting diverse ecological and human communities 
(Larned, Datry et al. 2010, Reid, Ogden et al. 2011). Environmental monitoring and management 
of the critical yet capricious water resources of dryland rivers, particularly across their 
anastomosed reaches, requires not only a focus on rare extreme flood events, but also an 
understanding of the more common patterns of inundation across the entire flow regime, and 
also of no-flow situations; the latter play an important ecological role (Kennard, Pusey et al. 
2010). Further, the extent, frequency and persistence of inundation deriving from small-to-
medium flows is particularly vulnerable to climate change and human intervention, with 
significant ecological consequences (McMahon and Finlayson 2003). Identification of inundation 
is an important step. 

Quantitative characterization of temporal and spatial distribution of flows along individual 
channels (at scales ranging from sub-metre to kilometre) for anastomosed dryland river reaches, 
such as those in ‘Channel Country’, is particularly challenging for hydrological, climate, 
geomorphological and ecological reasons. These factors interact to shape channels and 
floodplains which in turn shape ecosystems, with phenologies related to water availability rather 
than calendar-based seasons. The interaction can greatly change the appearance of water 
(pellucid to extremely turbid), the extent of vegetation submergence/emergence, and the 
amount of dust or sediment covering plants. Intermittency of water features is often assessed 
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subjectively (see, for example, (Piddocke 2009, Silcock 2009). As the presence of water can be 
inferred from vegetation responses to localised rainfall/runoff, inflow from distant sources, or 
surface or subsurface reservoirs ((Mohammadi, Costelloe et al. 2017) it is important to consider 
water and vegetation across spatial and temporal dimensions when tracing moisture patterns. 

Access to the interior channels and floodplains of anastomosed systems is often impossible 
during larger flow events, and hydrological monitoring is typically limited to a small number of 
point-based sites (gauging stations). Remote sensing provides the only available coverage for 
monitoring and mapping water at large scales (Bullard 2007, McMahon 2008b). Areas like the 
Confluence can be impossible to visit during periods of high flow or flood, and are difficult to 
gauge because of the extreme variation in flows. 

Many remote-sensed inundation studies use Digital Elevation Map (DEM) derived drainage 
networks or elevations; DEMs can be generated from aerial photography, or from space-borne 
radar data (for example, the USGS GTOPO30 and GMTED2010 products) (Danielson 2011). 
Examples include flood and mangrove studies on north Australian’s Alligator River (Milne 2000), 
and globally, the International Water Management Institute’s Global Irrigation Area Map 
(Thenkabail 2009) and Artan’s flood prediction methods for major Mekong and Nile tributary 
catchments (Artan 2007). However, in low-relief anastomosed areas, vertical and spatial DEM 
resolutions may not identify narrow and/or shallow channel configurations (Gallant, Dowling et 
al. 2011). As a result, discharge and volume estimations that use elevation to derive water depth 
estimates cannot reliably use DEMs in flat areas with wide wet/dry transition zones. 

It can also be difficult to distinguish spectral thresholds between dust-covered dormant flora 
versus bare soil with dead leaves and twigs (Guerschman, Scarth et al. 2015), or between 
extremely turbid water (well over 800 NTU) versus liquified muds. The Confluence is an example 
of a region where spectral responses along the three axes (water vs dry surface, vegetated vs 
bare soil, and aquatic vs terrestrial vegetation) lie on difficult-to-separate continua, as illustrated 
in Figure 7-1. 

There are three main limitations for satellite remote sensed data. 

Temporally, hydroclimatological cycles can be seasonal, annual, decadal or longer, but satellite 
data can only capture cycles or trends since the 1960s at best. For the 40-year Landsat 
TM/ETM+/OLI record there is some backwards compatibility with earlier Landsat MSS data (first 
launch 1972). Landsat’s fortnightly re-visits preclude analysis of short or fast events. For all 
optical sensors, data is unavailable during cloud cover. And there is no satellite data for earlier 
decades for which weather records show different climatic trends (Bryant, Moran et al. 2003, 
Campbell 2007, Flood 2014, Holden and Woodcock 2016). 

Spatially, for Landsat, multiple water/bare/vegetated states may be present in one 30 m-by-30 
m grid cell, resulting in a mixed spectral signature particularly for sub-pixel-sized features. 

And spectrally, for compatibility reasons, Landsat’s long-term data set reflects the six spectral 
bands of the earlier sensors. Newer sensors with additional wavelengths have been added over 
time, but their utility is limited to the available duration. 
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To compare Landsat with other platforms, the Moderate Resolution Imaging Spectroradiometer 
(MODIS) has closely corresponding spectral band sensor data (albeit only for 5 out of 6 bands) 
and can be obtained at twice-daily re-visits but at a much reduced duration; the Terra and Aqua 
platform satellites were launched in 1999 and 2002 respectively, coinciding with and thus 
limiting historical data to Australia’s Millennial Drought 1998-2010. Further, the MODIS pixel 
size is 250-500 m which makes the problem of mixed pixels even more problematic for sub-30m 
features. Other sensors, such as India’s LISS (Linear Imaging Self Scanning Sensor) series only use 
4 spectral bands (notably lacking blue), have larger pixel sizes for some bands (up to 70.5 m), 
and have longer revisit intervals compared to Landsat (LISS 24 days), and more limited duration 
(first LISS I sensor launched 1988) (Campbell 2007). 

There are many studies that closely tailor spatial resolution, re-visit interval, duration of 
available record and spectral capability to their specific problem, for instance by limiting the 
duration of the study to the duration of available satellite data, or by focusing on a limited event. 
Examples include Landsat/ Radarsat 1 (Makkeasorn, Chang et al. 2008), MODIS (Xiao, Boles et 
al. 2006), and VGT/Landsat TM (Xiao, Boles et al. 2002). 

Other approaches have used hyperspectral sensors to distinguish green vegetation, plant litter 
and soil, but are limited by the availability and duration of the hyperspectral record. Sensors 
including MODIS have been used to resolve fractional cover, using the triad of PV, NPV and BS 
(photosynthetic ie green vegetation, non-photosynthetic ie dry or dusty vegetation, and bare 
soil), but these methods are limited by large pixel sizes and the relatively short durations 
(Guerschman, Scarth et al. 2015). There is no explicit tracking of water. 

Although remote sensing is a useful tool, challenges remain in data availability, spectral 
separability, temporal responsivity, and correct interpretation over long environmental cycles. 
There are currently few quantitative tools at reach scale and channel/waterhole sized resolution 
that can be used to examine complicated intermittent anastomosed systems over multi-decadal 
time spans (Tooth 2000, Tooth 2009, Larned, Datry et al. 2010). Conceptually, a suite of such 
tools would include objective criteria for surface condition and water persistence, flow paths 
and linkages, and would allow timeseries analysis of flow networks. Identification of water 
presence is a key first step, followed by characterization of wetness patterns at different 
locations over time. 

Figure 7-1 Water, vegetation and 
bare sediment form a three-way 
continuum of surface condition. 
Not all combinations may be 
present in a particular area, or all 
three states may be present in the 
same pixel. Photographs D. 
Kucharska, R.Young 
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As the project is focused on investigating flow patterns rather than remote sensing technology, 
existing remote-sensing methods are applied where possible. To determine the presence of 
water, a range of indices is calculated from compatible (and low cost) moderate-to-high 
resolution satellite sensor bands for 1986-2013. This time period covers extreme drought and 
extreme flood, as well as small-to-medium flows. The Chapter includes comparisons of 
interpolated and remote-sensing-derived datasets to field data to check at least a small 
snapshot. Fieldwork observations, sampling, and photographs, along with ‘local knowledge’ 
gleaned from interviews, are used when interpreting the remote-sensed data. Sources of error 
are also discussed. This chapter’s details are necessarily location-specific, but the methodology 
can be generalised. 

The previous Chapter developed tools to structure such a river system on reach- and channel- 
scale. This Chapter introduces two quantitative tools to perform pixel- and feature-scale 
characterizations, and applies the tools to the extensive anastomosed Confluence Case Study 
area – a regional-scale floodplain with relatively sparse vegetation, water bodies of different 
persistence, and multiple systems of temporary channels, where other methods have difficulty 
in distinguishing inundation. 

Firstly, a novel pixel-scale water/bare soil/vegetation classification (WBV) is derived from 
combinations of Normalized Difference Vegetation Index (NDVI), Normalized Difference Water 
Index (NDWI), and other spectral bands. (Indices are defined in Section 7.3). Thresholds are 
derived using a training dataset from field work at seven sampled waterholes of varying size and 
geomorphology, and applied to Landsat 5-8 TM/ETM+/OLI spectral data. Producer and user 
accuracies are assessed to show WBV classification improves discrimination, compared to other 
simple water/not water or vegetation/not vegetation binary classification methods, for the 
previously-described difficult Confluence. Classification results, showing the improvement in 
detail using WBV compared to other common methods, are presented and compared to some 
products, to demonstrate how WBV reveals congruent complementary information. 

Secondly, at waterhole feature level, waterhole persistence is characterized using Landsat-
derived indices and probability distribution functions (PDFs) along lineal regions of interest 
(LROI) over a period of four decades, including characterization of vegetation persistence when 
the feature is dry. It is shown how indices and PDFs reveal distinctive patterns of peaks for 
permanent, intermittent, or ephemeral (PIE) waterholes, to allow objective and quantifiable 
classification of persistence. This quantitative method is demonstrated to be congruent with and 
providing more detailed information than previous interview-based methods, at least for the 
sampled waterholes. 

Prior to the application of these tools to answer questions about the study site (in Chapters 8 
and 9), a check of Temperature and Evapotranspiration (ET) data from the Scientific Information 
for Land Owners (SILO) interpolated climate product is conducted by comparing them to field 
measurements, to verify that SILO interpolated information (possibly including a correction 
factor) is locally reasonable for the study area.  
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7.2 Choice of Datasets and Waterhole Locations 

To correctly interpret the data, we need to be able to understand the environment being sensed. 
For example, for the Confluence we need to understand decadal-or-longer scale weather cycles 
(as calendar seasons can be highly variable), soil and vegetation response to water (especially 
the relatively slow response of trees), and how the landscape (usage) has changed during the 
remote sensing record. 

In the absence of accessible detailed environmental records and planning and development 
documents, ‘local knowledge’ is the best source of this information (in order of age/duration, 
most recent/shortest experience first): current recently-arrived and long-term residents, 
Settlers and European explorers, and indigenous populations. 

As described in Chapter 2, the Confluence has a layer of dark clay-rich mud overlying deep sand. 
Local tributaries including the KaRirra-Wilson bring sandier sediments, and there are source-
bordering dunes near some waterholes (Fagan and Nanson 2004, Nanson, Price et al. 2008, 
Hesse 2011). The Confluence’s vegetation falls into three broad categories with different 
responses to water: slow-responding trees along the channels; seasonally-responsive acacias, 
desert shrubs, and grasses on the floodplain; and fast-responding localized winter annuals, 
forbs, grasses and weeds (Santos 2003, Nanson, Price et al. 2008). 

Waterholes selected for this Chapter are based on perceived persistence and cultural 
significance as established through interviews with local landholders and indigenous 
communities, and perusal of geological and topographic maps, together with information from 
historical and interview-based studies (Piddocke 2009, Silcock 2009, Silcock 2010). Criteria 
include representation of diverse landscapes if possible (using Chapter 6 Landscape Units), 
degree of ‘permanence’ (using published interview-derived information), and relative position 
in the Confluence network (input/divergent/convergent/output regions). 

Two waterholes considered always-filled are Meringhina on Nguku-Cooper Creek (northern 
extent and inflow channel concentrator) and Nockatunga on the KaRirra-Wilson River (eastern 
extent/inflow). For often-filled waterholes, Goonababbina (western branch) and Naccowlah 
(eastern branch) represent the two main divergences of Nguku-Cooper Creek, and Tookabarnoo 
represents the KaRirra-Wilson River (western extent of the confluence floodplain). Two rarely-
filled but culturally significant waterholes in the Wilson River channel breakdown area are 
Yotally (floodplain southern extent, nominally along the KaRirra-Wilson River); and Padi Padi (at 
the foot of the Padi Padi Anticline sandstone outcrop). The study also considers the downstream 
channel concentrator Nappa Merrie Waterhole, although it is outside the remote-sensed area. 

The selected waterhole characteristics are detailed in Figure 7-2. Waterholes are listed by 
perceived persistence and river network. According to interviews, the Nguku-Cooper Creek 
waterholes fill from upstream or from local runoff, whereas. KaRirra-WilsonRiver waterholes fill 
from upstream, by local runoff or from Nguku-Cooper Creek backflow (NappaMerrie 2014, 
Orientos 2014). The centrelines, which will be used further in Section 7.4 and Chapters 8 and 9, 
show the shapes of the waterholes. Bank and bed colours and compositions have been derived 
from field sampling and sieve analysis; see Appendix A4 for more details.  
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(a) Location (b)RGB and LROI 
(scale shown) 

(c) Bank 
composition 

(d) Bed 
composition 
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(Cooper) 
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n/a 

Naccowlah WH 
(Cooper) 

Intermittent- bare 

  

Goonababbinna WH 
(Cooper) 

Permanent 

 

 

Tookabarnoo WH 
(Wilson) 

Intermittent- vegetated 

  

Yotally WH (Wilson) 
Ephemeral 

 

 

 

Nockatunga WH 
(Wilson) 

Permanent 

 

 

 

Padi Padi WH 
(Wilson) 

Ephemeral 

 

n/a n/a 

Figure 7-2 Landsat Pixel Sets and Sediment Compositions at Waterholes. (a) Waterholes by 
perceived persistence and river network. (b) Landsat ENVI screenshots, scales vary as shown; 
centrelines emphasized in red. (c) Bank Composition and (d) Bed Composition. Image source: 
Landsat from DNRM.  
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7.2.1 Remote Sensing Datasets 

Landsat is the longest continuous long-term worldwide remote sensing dataset of regular revisit 
interval. Landsat’s visible blue, green and red (B, G and R), near-infrared (NIR) and 
mid/shortwave-infrared (SWIR) bands have been designed for continuity between the early 
Thematic Mapper instruments (Landsat 4-5 TM) in the 1980s, later enhancements (Landsat 7 
ETM+), and most recently, the Operational Land Imager (Landsat 8 OLI) in 2013. 

Landsat 4 TM data are available from July 16, 1982 to December 14, 1993, and some of these in 
jpeg format have been used for comparison with later data. Landsat 5 TM data are available 
from March 1, 1984 to the failure of the sensor in November 2011; during its overlap period 
with Landsat 7, it continued to provide ‘stripe-free’ images. (Landsat 6 failed to reach orbit). 
Landsat 7 ETM+ data began on 15 April 1999, but in May 2003, the ETM+ sensor experienced a 
scan line corrector (SLC) failure, resulting in ‘striping’ across one fifth of the area of its images; 
de-striping here was achieved by averaging adjacent non-striped lines. Landsat 8 introduced the 
backwards-compatible OLI sensor with data available from 11 February 2013. Table 7.3 provides 
spectral band details for the three sensors. 

Landsat data is public domain, and may be downloaded without restriction or charge from the 
U.S. Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center, 
encompassing also the National Aeronautics and Space Administration (NASA) Land Processed 
Distributed Active Archive Center (LP DAAC). These downloads require further processing, and 
for Australia standardised and corrected data is available through organisations such as 
Geoscience Australia (www.ga.gov.au/about/projects/geographic/digital-earth-australia) and 
Queensland’s Department of Natural Resources and Mines (DNRM). 

The advantages of Landsat include low-cost/free accessibility, long temporal extent (1980s-
present) using compatible spectral bands, 30-m spatial resolution (for features metres to tens 
of metres in dimension), and regular temporal resolution (fortnightly to monthly, assuming no 
cloud). However, in common with all other optical sensors, Landsat is limited by cloud cover. 
This is more common during wetter weather, leading to months between useable images. 
Moreover, a 30-m pixel can contain multiple surface states of water, bare soil and vegetation, 
both as mosaic ground states within that 30m x 30m location, and as mixed ground cover states 
such as emergent vegetation. 

In spite of the limitations, Landsat TM/ETM+/OLI visual and NIR data have been widely applied 
to produce spectral indices representing vegetation, soil and water states. A variety of 
Normalised Difference Vegetation Indices (NDVI) and Normalised Difference Water Indices 
(NDWIs) have been used to assess changes due to water and anthropogenic landscape change 
(such as land clearing, cropping, and earthworks) (Jackson, Chen et al. 2004, Mesev 2007, 
Thenkabail 2009, Hadeel 2011). 

For this thesis project, standardised and corrected Landsat tiles (Path 96/Row 79) for the 1986-
2013 study period were obtained from DNRM (Figure 7-3). The DNRM standardization process 
first performs atmospheric correction (using a fixed aerosol optical depth at 550 nm of 0.05) to 
convert top-of-atmosphere radiance to surface reflectance. Then topographic correction of 
sloping-surface radiance to flat-surface reflectance based on a bare-surface Shuttle Radar 
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Topography Mission Digital Elevation Model (SRTM DEM) is applied using the method in 
Shepherd and Dymond (Shepherd and Dymond 2003). A bidirectional reflectance distribution 
function is used to standardise sun zenith and sensor acquisition angle to 45 degrees and nadir 
view. Finally, local geographic registration to the SRTM DEM is applied by using a shade image 
and the NIR band and seeking the highest local correlation (Gill 2010). Landsat 8 OLI values 
particularly for visible and NIR are slightly biased compared to earlier Landsat data (Flood 2014, 
Holden and Woodcock 2016). For continuity of OLI data with earlier Landsat data, DNRM have 
applied the Australian factors in (Flood 2014). Table 7.3 relates DNRM bands to the Landsat 
spectral bands. 

Thirty jpegs 1983-1990 were used to speed up the identification of dates that were cloud-free 
and showed flows, and 662 DNRM tiles 1986-2013 were used for quantitative analysis Out of 
the 662 DNRM tiles, 567 were manually selected as being free of cloud cover in the study area 
portions. The free availability of this pre-processed spectral data greatly assisted in the 
development of the remote-sensing tools in this thesis. 

7.2.2 Meteorological and River Observations and Datasets 

The Australian Bureau of Meteorology and State Departments of Environment records for 
climate, weather and streamflow are well quantified but gaps exist for times when equipment 
failed or was asked to work outside its design range. Further, vast parts of inland Australia are 
sparsely populated and sparsely instrumented; data for these regions is interpolated across 
space and extrapolated over time using the closest available stations. 

For the Confluence Study Area, the closest Bureau of Meteorology (BOM) Reference Climate 
Station is at Tibooburra, 190 km south, and the nearest active river gauging stations are at 
Retreat and Stonehenge, over 300 km upstream on the Barcoo and Thompson Rivers 
respectively), and Nappa Merrie 80 km downstream (EnviroDataSA , Queensland-DNRM , 
Queensland-DSITI , BOM-Flood 2018). The Queensland Government has used BOM 
observational data to produce SILO (Scientific Information for Land Owners), an interpolated 5 
km grid product including temperature, rainfall, solar radiation, a range of potential and actual 
evaporation and evapotranspiration rates, and other derived values from 1889 to the present 
(Queensland-DSITI). Datasets used in this thesis project are listed in Table 7.1. The suitability of 
downloaded data is checked in Section 7.2.5 by comparing fieldwork observations with the 
climate and river records downloaded for that day/time. 

The most significant datasets used in this thesis are: 
 Australian Bureau of Meteorology climate and recent river data, from 1900 for rainfall 

and 1910 for temperature (http://www.bom.gov.au/index.php); 
 Long-term hydrograph and river stage data from the Water Monitoring Information 

Portal, hosted by Queensland Department of Natural Resources and Mines (DNRM), 
Cooper Basin data from 1939 (https://water-monitoring.information.qld.gov.au/); and 

 Long-term climate data at the nearest weather stations from SILO 
(https://www.longpaddock.qld.gov.au/silo/). SILO contains climate data from 1889 to 
the present, and is hosted by the Queensland Department of Science, Information 
Technology and Innovation (DSITI).   
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Figure 7-3 DNRM Standardised Landsat Dataset and reference jpegs. Sources: Landsat 5-8 courtesy DNRM, Landsat 4-5 jpgs from 
eros.usgs.gov (earthexplorer.usgs.gov) downloaded 10 December 2013. 
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Table 7.1 Datasets used in this thesis and their sources. 

DATA SOURCE CHARACTERISTICS USAGE 

River height and 
discharge data 

DNRM/DEWNR/ BOM 
Historical flows Curravera, Nappa Merrie, 
Durham Downs, Retreat, Stonehenge, 
Cullyamura 

Speeds of flows, Selection 
of moderate flow events 
2004, 2008. 

River level and 
discharge estimate 

Field work 
observations 

Use observations to inform interpretation 
of other data. 

Intrepreting landscapes in 
satellite imagery. 

Slopes and elevations GMTED10 DEM  Drainage networks. 

Evapotranspiration, 
Temperature, Wind 

SILO/BOM (Chiew, 
Wang et al. 2002) 

Windorah, Quilpie, Thargomindah Airport 
and Moomba, Tibboburra. 
Annual/monthly ET 10km grid product 
available. Daily 0.05° Tmin/Tmax grid 
products available. 

Interpreting landscapes, 
climate data from 1889. 

Rainfall (Precipitation) 
(and Solar Exposure) 

SILO/BOM (Jones, 
Wang et al. 2009) 
 

Durham Downs, Woomanooka, Nappa 
Merrrie, Orientos Station, Noccundra, 
Nockatunga, and Jackson Oilfield. 
Daily/monthly 0.05°(5km) P grid product 
available 

Interpreting landscapes, 
climate data from 1889. 

Ambient conditions 
SILO/BOM/Field work 
observations 

SILO downloads at the 7 selected 
waterhole locations. Use present-day 
observations and data to inform 
interpretation of data. 

Comparison to SILO grid 
products, to estimate 
errors in interpolation. 

Flows at key locations Field work data loggers 
Installed at first field trip, 
decommissioned at last field trip. 

Estimation of flow 
distribution and timing in 
satellite imagery. 

Water quality and 
properties 

Field work 
observations 

Use present-day observations to inform 
interpretation of data. 

Clues to subsurface flows 
and flow interactions. 

Vegetation 
Field work 
observations 

Use present-day observations to inform 
interpretation of data. 

Clues to subsurface flows 
and flow interactions. 

Soils and sediments 
Field work 
observations 

Use present-day observations and data 
to inform interpretation of data. 

Clues to subsurface flows 
and flow interactions. 

Geographical, cadastral 
and geological 
information 

Maps 

GoogleEarth, Geoscience Australia 
1:250k topographical and 1:50k 
geological maps esp SG5412 Eromanga, 
SG5414 Innamincka, SG5415 Durham 
Downs, SG5416 Thargomindah, SH5403 
Tickalara, historical maps through Trove 
and museums. 

Placenames, changes to 
landscapes and land use 
since mid-1800s. 

Interviews 
Field work 
observations 

Use qualitative information to inform 
interpretation of data. 

Verification of 
observations and 
interpretations. 

 

  

ACRONYMS IN THIS TABLE 

Queensland Department of Natural Resources and Mines (DNRM) 

Australian Bureau of Meteorology (BOM) 

South Australian Department of Environment, Water and Natural Resources (DEWNR) 

Scientific Information for Land Owners (SILO) produced by Department of Science, Information 
Technology and Innovation (DSITI) 

USGS Global Multi-resolution Terrain Elevation Data 2010 (GMTED2010) 
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7.2.3 Fieldwork Datasets 

Field work provides the researcher with a broad appreciation for a study area, but it must be 
acknowledged that field observations can only supply a tiny number of short-duration and 
small-extent snapshots of long temporal and large geographical phenomena, even if the field 
work is targeted to a range of seasons and conditions to capture maximum variability. A 
complete summary of all fieldwork data used in Chapters 6, 7, 8 and 9, including fieldwork 
locations and observations, Cropscan data, and sediment sample data, is provided in Appendix 
4, and summarised in Table 7.2. 

Fieldwork was conducted on the floodplain and at the selected waterholes in June 2013 
(winter, dry) and January 2014 (summer, dry). Sediments, water and vegetation observations 
were taken along 100 m transect lengths, from water’s edge, mid-bank and top-of-bank 
positions (5-20 m spacing), onto the surrounding floodplain. The observations referenced 
surface properties as visible to the Landsat sensors (Arcement Jr and Schneider 1989, Michaud, 
Washington et al. 1991, ULeeds 2002, UMass 2011). Vegetation was classed by type (ground 
covers, grasses, shrubs, trees) and coverage (percent of 1 metre square quadrat) (Chee, Webb 
et al. 2006). Sediment colour was recorded using Munsell Soil Colour Charts (Munsell 2000). 
These observations, together with co-located Cropscan data, enabled ground-truthing and 
interpretation of Landsat data and classifications. 

At the time of the fieldwork, temperatures and potential ET were above long-term averages, 
rainfall and flow were well below. A long dry period spanned 1998-2015, interspersed with 
large rainfall and flow/flood events in 2000-2001, 2004, 2007 and 2010-2012. Extensive rain 
and flooding in 2016 precluded a final field trip during a green, wet period. An overflight of the 
area was conducted in May 2016, 48 hours after a major rain event (some 100mm in 2 hours). 
At time of writing, the area has returned to drought (BOM-Climate 2018, BOM-Flood 2018). 

Odyssey P-T (Pressure-Temperature) loggers were calibrated to provide water temperature 
and depth data at half-hourly intervals, and installed at the selected waterholes to catch the 
expected seasonal flow rise and fall (DATAFLOW 2009). Unfortunately, there were no 
inundation events during the logged period; a major flow occurred some months after the 
memory storage became full and the batteries expired! The data from these loggers was used 
to verify interpolated temperature and evaporation information, as they recorded the slow 
reduction in water depth, and once no longer inundated, air temperature). 

Sediment samples were taken from a series of locations up to 15m from water’s edge:  
waterhole bed, lower bank, mid bank, top of bank, adjacent floodplain, and 10m from top of 
bank (Victoria-DSE 2007, WV-DEP 2011). A photographic record was kept of each in-situ 
sediment and its surroundings. The samples were double-bagged to prevent drying-out during 
transport back to Melbourne and subsequent storage. Sediment samples were characterised 
by bolus length, soil texture, aggregate stability, colour, stoniness, and estimated organic 
matter (Fetter 2001, Victoria-DSE 2007). Samples were analysed for water content using 
gravometric analysis and oven-drying at 60-110C for a total of 4 weeks. Laboratory sieve 
analysis was carried out on the dried samples to determine grain size composition, as plotted 
in Figure 7-2. See Appendix A4.4 for worksheet and data details.  
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Note that due to the limited sediment sampling dates and sites, Figure 7-2 plots (and those in 
Appendix A4) are supportive only, not conclusive, that bed composition is finer than bank 
composition, and similar for all waterholes 

The University of Melbourne Cropscan Inc MSR16R Multispectral Radiometer equipment, and 
associated MSR.BAS software, was used to perform multispectral scanning at each observation 
site during the 2013 winter and 2014 summer fieldwork (CROPSCAN 2001). The equipment’s 
operating range of 0-50 degrees Celsius was stretched during January summer field work, with 
air temperatures in the high 40s Celsius and ground temperatures in the mid 70s Celsius during 
the 11am-1pm sun position window. This necessitated keeping the equipment in the air-
conditioned vehicle except during the brief periods of use. The MSR16R incorporated sensors 
corresponding to five of the six Landsat bands, and one non-Landsat band. The MSR16R’s 1.64 
µm sensor (corresponding to TM/ETM+ Band 5 and OLI Band 7) failed during the summer 
fieldwork. See Table 7.3. Landsat 5 and 7 overpasses were checked against trip dates (NASA 
2013) 

The MSR16R datasets were analysed using field notes to classify each of the 207 1-metre 
diameter scans by: site; date (June 2013 or January 2014); position (bed/bank/plain); and 
status (water/edge/bare/sparse/vegetated). The failure of the 1.64 µm sensor meant only 182 
all-band scans were available. (The remaining 25 scans contained only red, green, blue, near-
infrared and the non-Landsat 1.24 µm band). See Appendix A4 for details. 

7.2.4 Lived Experience Datasets 

The data collated above provides a record of climate and river conditions, but sometimes 
discontinuous, only back to the 1890s at best, and only for a few sites between Windorah and 
Innamincka; the Confluence itself has no instrumentation. The satellite record is even shorter, 
and misses the last ‘wet period’ in the 1970s. However, those who live on the Confluence have 
a working knowledge of its weather and flows, and of vegetation changes, including the slow 
response of trees to changed moisture conditions. Interviewing current residents provided a 
more continuous lived experience of the landscape, although still operating within the English-
speaking Western scientific paradigm and limited to the past 50-60 years. Appendices A1 
(Ethics), A2 (Indigenous) and A3 (Settler) refer. 

Waterholes were selected for this study on the basis of the interviews with pastoralists and 
Traditional Owners and Custodians, in conjunction with qualitative assessments of waterhole 
persistence (Piddocke 2009, Silcock 2009). The lived experience dataset will be explored 
further in Chapters 8 and 9. 

7.2.5 Verification of SILO Temperature & Evaporation Data Using Field Measurements 

A lack of continuous climate information often hampers modelling of surface hydrology in 
remote regions. Queensland’s Department of Science, Information Technology and Innovation 
has interpolated observational data to create SILO (Scientific Information for Land Owners), a 
gridded Australia-wide climate dataset with an approximate 5km resolution. But as an 
interpolated product, local variations from actual conditions may occur, particularly where 
observation locations are sparse and distances between them are great.  



CHAPTER 7 – CHARACTERIZATION OF WATER, VEGETATION, & WATERHOLES 

 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page 7-13 
 

Table 7.2 Schedule of Fieldwork at Waterholes. 

Observations June 2013 Jan 2014 May 20163 

Location photographs (at same place where possible) 

 Photographs of area 
 Photographs of each sample site with id tags 
 Photographs of each data logger installation 
 (May 2016 aerial photographs from tourist flight) 

NOCC NACC 
NOCK GOON 
MERI TOOK YOT 
NM 

NACC NOCK 
GOON MERI 
TOOK YOT NM 

YOT TOOK NM 

TW/LTW/ PADI 
western channels  

Ambient conditions (Digitech XC-0349 Wireless Weather 
Station) at start and finish of field observations – approx. 
two hours per site: 
 Air Temperature (degC), Pressure (hPa) 
 Humidity (RH%) 
 Rain and duration – qualitative (0, mist, drizzle, fine, 

medium, heavy) 
 Cloud cover (octas) 
 Wind speed (m/s), Wind direction 

NOCC NACC 
NOCK GOON 
MERI TOOK YOT 

NACC NOCK 
GOON MERI 
TOOK 

(Not at YOT NM)2 - 

Site water observation (Horiba Water Quality Monitor 
with U-52G Probe and Odyssey P-T Data Logger): 
 Temperature (degC)  
 Colour Smell 
 pH ORP DO Salinity/EC σt 
 Turbidity TDS ppt 

NACC NOCK 
GOON MERI 
TOOK 

(YOT NOCC dry) 

NOCK GOON 
MERI 

(NACC TOOK 
YOT dry) 

Water present and 
flowing; not 
measured. 

Current water level (metre rule and Odyssey P-T Data 
Logger and Rickly Hydrological AquaPulse 102-020 
Digital Impulse Counter-Timer/Ø100mm propeller A 
current meter): 
 Depth (m) 
 Current velocity (m/s) 

All disconnected 
and not flowing: 
NACC NOCK 
GOON MERI 
TOOK 

(YOT NOCC dry) 

All disconnected 
and not flowing: 
NOCK GOON 
MERI 

(NACC TOOK 
YOT dry) 

Water present and 
flowing; not 
measured. 

Site vegetation observation (1m quadrats, 50m transect) 
 General plant type (tree/shrub/forb/grass/weed) 
 Percent plant coverage in quadrat 

NOCC NACC 
NOCK GOON 
MERI TOOK YOT 
NM 

NACC NOCK 
GOON MERI 
TOOK 

(Not at YOT NM)2 

Large areas 
inundated; not 
measured. 

Crop Scanner (Crop Scanner MSR16R) spectral 
properties 

NACC NOCK 
GOON MERI 
TOOK YOT 

NACC NOCK 
GOON TOOK 

(Not at YOT NM)2 

(MSR16R not 
working at MERI)1 

- 

Surrounding soil observation (not in-channel) (Munsell 
Soil Colour Charts Revised 2000, Fluke 62 Mini IR 
Thermometer (Surface Temperature)) 

NOCC NACC 
NOCK GOON 
MERI TOOK YOT 

NACC NOCK 
GOON MERI 
TOOK 

(Not at YOT NM)2 

Large areas 
inundated; not 
measured. 

Sediment sampling (in-channel) (Munsell Charts and 
Wolman’s Count Plate and lab sieves on return to 
Melbourne) 

NOCC NACC 
NOCK GOON 
MERI TOOK YOT 

NACC NOCK 
GOON MERI 
TOOK 

(Not at YOT NM)2 

- 

1The MSR16R Cropscan device failed to operate at the first site of the January 2014, but was able 
to be repaired and recalibrated for five of its six sensors for subsequent waterholes. 
2A major dust storm prevented a longer stop at Yotally and Nappa Merrie. 
3Unfortunately the May 2016 overflight was not able to be extended to further north or east. 

 

ACRONYMS IN THIS TABLE 

Noccundra (NOCC) Naccowlah (NACC)  Nockatunga (NOCK) Tookabarnoo (TOOK) 
Yotally (YOT)  Goonababbina (GOON)  Meringhina (MERI) Nappa Merrie (NM) Padi Padi 
(PADI) 
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Temperature and evaporation data from the SILO gridded dataset have been compared with 
logger and field measurements at 4 sites on the Nguku/KaRirra-Cooper Creek/Wilson River 
Confluence in the Kati Thanda-Lake Eyre Basin (Figure 7-4). The SILO interpolated dataset and 
the logged/observed data show a reasonable visual match for measured and SILO air 
temperature (after the logger is no longer submerged). The data also shows a reasonable 
correspondence between measured depth change and SILO ET (while the logger is 
submerged). It should be noted that the loggers were not housed, standardised and calibrated 
to provide standardised temperature or ET values, but to provide water temperature and 
depth (measured as pressure hence susceptible to atmospheric pressure differences once dry). 
However, whilst not precise, these results indicate it is not unreasonable to use SILO to 
augment observed data over the extended timeframe. 

Table 7.3 Cropscan MSR Channels and Landsat 30m Bands, against 
corresponding bands in DERM Landsat data. Landsat 4 MSS is provided as 
original basis for McFeeter’s NDWI. MODIS provided for comparison 

DERM 
Landsat 
Bands 

Landsat 4 
Multispectral 
Scanner MSS 

MODIS 
Landsat 5 
Thematic 
Mapper TM 

Landsat 7 
Enhanced 
Thematic 
Mapper Plus 
ETM+ 

Landsat 8 
Operational Land 
Imager OLI 

Cropscan 
MSR16R 
Channels 

  
1-2 days, 

2330x10 km 
16 days, 
185x172 km 

16 days, 
183x170 km 

16 days, 
183x170 km 

fieldwork, 
~1m dia circle 

Band 1 
Blue-green 

Band 1 Green 
0.5-0.6 µm 

Band 3 
0.459-0.479µm 

Band 1 
0.45-0.52 µm 

Band 1 
0.45-0.515 µm 

Band 2 
0.450 – 0.515 µm 

Band 1 
0.530 µm 

Band 2 
Green 
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1MSR Band 5 (1.240 µm) sensor is keyed to MODIS Band 5. 
2MSR Band 6 (1.640 µm) sensor failed during 2014 summer fieldwork.  
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(a) Evaporation at Naccowlah WH (dry at Day 146)   (b) Evaporation at Tookabarnoo WH (dry at Day 80)      (c) Evaporation at Nockatunga WH (dry at Day 165). 

 
(d) Temperature at Naccowlah WH (dry at Day 146)  (e) Temperature at Tookabarnoo WH (dry at Day 80)  (f) Temperature at Nockatunga WH (dry at Day 165). 

LEGEND 
FOR EVAPORATION (a)(b)(c) 

 SILO Morton’s Lake ET (mm) 
 SILO Evaporation (mm) 
 logger depth change instantaneous at noon (mm) and dotted 7-day moving average (mm) 
logger depth change whole-day average (mm) and dotted 7-day moving average (mm) 

 

FOR TEMPERATURE (d)(e)(f) 
 SILO maximum temperature (°C) 
 SILO minimum temperature (°C) 
 logger temperature half-hourly (°C) 

 on-site temperature during fieldwork (°C) 

Figure 7-4 Field Work Logger Results and Comparison with SILO Dataset. Comparisons at selected waterholes. 
Horizontal axis is Days (starting at 0 for 01 June 2013 and ending at 244 for 31 January 2014). 
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7.3 A Tool for Three-way Characterization of Sediment, Water and Vegetation on an 
Ephemeral Multiple-channel Landscape (WBV) 

This Section describes the development of a three-way water-bare soil-vegetation classification 
composite index using Landsat spectral bands and combinations of NDVI and water indices, with 
training data from field observations. The classification is applied to sample sites on the 
Confluence Study Area and compared with the Water Observations from Space (WOfS) results. 

7.3.1 Indices 

The original NDVI (from (Justice, Townshend et al. 1985)) has been recommended for the 
assessment of vegetation in semi-arid areas with low vegetative density, such as that of the 
semi-arid study area, where the moisture content of vegetation does not overly confound 
classification; low/negative values correlate to surface water (Makkeasorn, Chang et al. 2008). 

McFeeter’s NDWI (a ratio originally derived from but not restricted to Landsat MSS Green and 
NIR spectral bands; refer to Table 7.3) highlights water features due to the increased reflectance 
of green and reduced reflectance of NIR by water; high values correlate with water (McFeeters 
1996). Gao’s NDWI is an alternative ratio using NIR and mid-infrared bands (Gao 1996)). Both 
water indices remove the soil and vegetation signals and emphasise water. NDVI/NDWI 
relativities over time have been used to differentiate seasonal rice field inundation from other 
inundation (Justice, Townshend et al. 1985, McFeeters 1996, Xiao, Boles et al. 2002, Xiao, Shen 
et al. 2006). As bare soil, vegetation and water have distinct NIR levels, this band has been used 
here to further separate their NDVI values, in an index dubbed VNIRI (vegetation-NIR index). It 
should be noted that McFeeter’s NDWI is limited in sensitivity by the lack of a SWIR parameter, 
and Gao’s NDWI was not designed for discriminating vegetation. 

Xiao’s Topsoil Grain Size Index (GSI) distinguishes bare soil from water and vegetation signals, 
and was originally developed to assess desertification trends in Chinese arid lands. It was 
developed for a particular site using soil sample analysis and Landsat bands (Xiao, Shen et al. 
2006). Spectral reflectance has been found to be closely related to topsoil grain size for sandy 
and silty sediments (Xiao, Shen et al. 2006). Higher GSI is associated with coarser particle size. 
Combinations of NDVI, NDWI and GSI have been successfully used to assess changes in 
sediments due to water and anthropogenic landscape change, albeit with additional social 
information to assist interpretation (Hadeel 2010, Hadeel 2011). Lower GSI values are associated 
with finer sediments (Xiao, Shen et al. 2006). The clays and silts can be delivered by a range of 
flows, or carried away by wind when the waterhole is dry; higher GSI values might indicate 
coarser sandy sediments delivered by larger flows with greater stream power, blown in by wind 
from surrounding sand dunes, or left behind when clays and silts are carried away (Bullard 2003). 

In this thesis, the Normalized Difference Vegetation Index (NDVI), Normalized Difference Water 
Indices (NDWI), Xiao’s Topsoil Grain Size Index (GSI), and the NDVI-NIR combination (VNIRI) are 
implemented using the DNRM Landsat spectral data as follows (the index equations refer to 
DNRM Bands per Table 7.3). 
  



CHAPTER 7 – CHARACTERIZATION OF WATER, VEGETATION, & WATERHOLES 

 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page 7-17 
 

 
(NDVI) = (NIR-Red)/(NIR+Red) = (B4-B3)/(B4+B3)…………………………………..(1) 

(NDWI-Gao’s) = (NIR–SWIR16)/(NIR+SWIR16) = (B4-B5)/(B4+B5)…………..(2) 

(NDWI-McFeeter’s) = (Green-NIR)/(Green+NIR) = (B2-B4)/(B2+B4)………..(3) 

(VNIRI) = (NDVI) x (scaled NIR) = (NDVI) x (10 x B4/max)…………….….…….…(4) 

(GSI) = (Red-Blue)/(Red+Blue+Green) = (B3-B1)/(B3 +B1+B 2)………………..(5) 
 

7.3.2 Data Manipulation 

Matlab 2012a (Mathworks, Inc.) was used to create two-dimensional NDVI vs NDWI and three-
dimensional NDVI vs NDWI vs VNIRI plots of the fieldwork scan points. Based on field notes and 
photographs, the points are represented as Water, Vegetation, and Bare, plus Edge (mixed 
Water/Bare), Emergent (mixed Water/Vegetated), and Sparse (mixed Bare/Vegetated) classes. 
To reduce the number of classes, Edge points are consolidated with Bare (acknowledging the 
resultant variable moisture content) and Sparse points were allocated to Bare or Vegetated, 
depending whether field notes and photographs showed more than 50% bare or vegetated. The 
Emergent category was not observed at sampled waterholes during field work. Classification 
criteria were derived from the plots and Producer, User and Total accuracies were calculated. 
(Figures 7-5 and 7-6). 

The resulting Water-Bare-Vegetated (WBV) composite classifications are applied to three 
Landsat 5 images on dates of known surface condition using ENVI 4.3/IDL 6.3 Decision Trees, 
and the outcomes are compared to other index methods. Figure 7-7 illustrates the results within 
a 15 km x 15 km vicinity at Tookabarnoo Waterhole, along the western sand/silt interface. Figure 
5.8 compares WOfS and the WBV classification. 

7.3.3 Results – Pixel-scale Water-Bare Soil-Vegetation Composite Index 

Field scans and observations (as noted in Appendix A4) are used to ground-truth the three 
classification categories of water, bare soil, and vegetation. 

In order to evaluate the efficacy of using only vegetation and water indices to discriminate 
surface types, NDVI and NDWI for the fieldwork scan samples are plotted in Figures 7-5(a) and 
7-5(c). There is a cluster of water samples with unambiguous spectral signatures of high NDWI 
and low NDVI, a cluster of vegetation samples with unambiguous high NDVI, and a large mixed 
cluster. Both McFeeter’s NDWI (Figure 7-5(a)), with its stronger focus on water, and Gao’s NDWI 
(Figure 7-5(c)) with its stronger response to vegetation, show this overlapped distribution that 
does not permit class segregation. 

Figures 7-5(b). and 7-5(d). show the combination of NDVI, McFeeter’s or Gao’s NDWI and VNIRI. 
The latter separates field scan points with similar NDVI and NDWI values, albeit imperfectly. This 
lobed distribution is used to derive the staged WBV classification scheme shown in Figure 7-6. 
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Figure 7-5 Differentiation of Water, Bare Soil and Vegetation in the Fieldwork Cropscan MSR Dataset, June 2013 and January 2014. Ground state (inundated, edge 
of water, bare soil, sparse vegetation, or vegetation) was recorded for each 1m diameter sampled location and the results aggregated and plotted in Matlab. Note 
the improved differentiation of vegetation around the 0.2 NDVI line on the 3-dimensional plot. 



CHAPTER 7 – CHARACTERIZATION OF WATER, VEGETATION, & WATERHOLES 

 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page 7-19 
 

Using only the fieldwork-based training dataset, the User, Producer, and Total accuracies for 
both the McFeeter- and Gao-based WBV (Figure 7-6) support the contention that WBV reflects 
ground moisture conditions better than more common two-way NDVI or water index inundation 
classification methods. The Confusion Matrices in Figure 7-6 assume half the Sparse values are 
Vegetation and half are Bare soil, and all Edge values are Bare; these assumptions are based on 
field notes for the scan locations. When VNIRI augments the NDVI/NDWI classification, there is 
an increase in Total Accuracy (53% to 70% for McFeeter’s and 74% to 79% for Gao’s). There is 
also a reduction in the difference between Producer and User accuracies.  

The WBV composite classification, and a simpler NDVI-NDWI classification, for both McFeeter’s 
and Gao’s NDWI, have been applied to three Landsat images known to be during dry, flood and 
post-flood conditions (June 2009, February 2010, and September 2010). See Figure 7-7. A small 
area along the western edge of the floodplain, taking in Tookabarnoo Waterhole, has been 
chosen to investigate the classification result in detail, as it includes a variety of water, 
vegetation, and bare ground samples.  

The NDVI/Gao classifications did not change with the addition of the VNIRI third axis for WBV 
(confirmed using ENVI Difference function); data points are in the clear-cut bare, water and 
vegetation lobes and the additional WBV discriminant equation was not triggered. The small 
improvement in Total Accuracy discussed earlier (74% to 79%) is not inconsistent with the lack 
of noticeable differences between the Landsat images classifications. 

However, with McFeeter’s NDWI, WBV reveals additional detail in all the images. For the dry 
condition, the WBV classification shows a significant quantity of water on the floodplain (some 
possibly false positive), and also a region of vegetation corresponding to the sand dune country 
to the south-west of the floodplain. During fieldwork, shrubs and grasses were indeed observed 
in this region. For the wet image WBV allocates more pixels as water, but fewer pixels as 
vegetation, particularly on the higher and sandier parts of the floodplain. For the vegetated 
condition, WBV reveals fine lines of bare ground amongst the vegetation, and also classifies 
more of the dune areas as bare. Comparing WOfS and a closeup of the northern end of 
Tookabarnoo (Figure 7-8) reveals these lines correspond to the most frequently inundated pixels 
in that region – in other words, channels. (In WOfS, the area is classified as least-certain for 
detection of water). During field work it was observed that channel beds were often more 
devoid of vegetation than the surrounding floodplain. Given the low Total Accuracy for 
McFeeter’s classifications based on field scans discussed earlier (53% improved to 70% by WBV), 
it is interesting that the McFeeter’s-based classifications in Figure 7-7 appear to better reflect 
the vegetated landscape than the ‘higher-accuracy’ Gao-based classifications. 

7.3.4. Discussion – Pixel-scale Water-Bare Soil-Vegetation Composite Index 

In the demonstration region of Figure 7-7, WBV based on McFeeter’s and Gao’s Water Indices 
produces different results, due to the differing sensitivities of the indices to vegetation, 
compared to the corresponding simple NDVI/NDWI classification. For inundated conditions, the 
WBV method reverts to the simple NDWI-based classification. Likewise, for strongly vegetated 
conditions, WBV reverts to the simple NDVI-based classification. (See Figure 7-6 for the WBV 
thresholds). In the region where water, vegetation and bare soil NDVI and NDWI responses 
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overlap (refer back to Figure 7-5), the McFeeter’s WBV method identified additional moisture 
paths, notably in flat unvegetated areas (red outlined regions in Figure 7-7). The Gao’s WBV 
method did not produce significant differences in classification. 

Figure 7-8 compares the WBV classification to two existing visualisation tools. WOfS, as 
discussed in Section 7.3.3, shows inundation frequency at a pixel, at a similar spatial scale to the 
WBV method, but with a ‘collapsed’ time dimension. The TERN AusCover Total Vegetation Cover 
fractional cover product loses both spatial and temporal detail, as it was designed to track 
seasonal vegetation changes over continental scales using one- to three-monthly compositing 
of input data, rather than WBV’s water and vegetation response on a single date feature scale 
(Scarth, Trevithick et al. 2017). Figure 7-8 shows all three representations are congruent, but 
present very different aspects of the landscape. 

Potential sources of error need to be considered when deciding if the differences between the 
pairs of WBV and NDVI/NDWI classifications are significant. The differences between the two 
variants (McFeeter’s and Gao’s) must also be explained. 

Sources of uncertainty fall into three broad categories: inherent, sampling, and observational. 
The first category is inherent in the subject matter: the ground condition at a pixel may fall 
anywhere within the three-way water-bare-vegetated triangle as described in Figure 7-1, and in 
addition, will vary over time (as waters advance and recede, and plants grow and die back), and 
also with distance from flow concentrators (such as channels and waterholes). There is no sharp 
status change. Ground-truth classification of ground condition into discrete bins (Water, Edge, 
Bare, Sparse and Vegetated) is a simplification; for example, 49% vegetation cover would be 
considered sparse/bare, whereas 51% cover would be considered sparse/vegetated, yet there 
is only a minor difference in actual cover. The Edge category may include biofilms at the water 
margin which appear invisible to the eye. Water colour and turbidity may be related to both 
algae and clay particles. The deeply cracked floodplain was sampled as part of the training 
dataset, but classed as vegetated or bare solely on the top surface; no special allowance was 
made for cracked/not cracked, or biofilm. The use of three classes (Water, Bare and Vegetated) 
in the Landsat WBV method reduces the inherent ground condition uncertainty compared to 
only two classes (Inundated/Not Inundated or Vegetated/Not Vegetated), in accord with the 
aim to improve detection, representation, and characterization of water, but still may 
misrepresent marginal pixels. A possible future avenue to reduce (but not eliminate) this 
inherent uncertainty, not investigated here, is the retention of the five ground-truth 
classifications, but increasing the number of classification categories also increases the 
complexity of interpreting the results. 

In addition to the uncertainty from the discretisation of any continuous variable, there is also 
inherent uncertainty in spectral response from mixed pixels (both in the sense of a single 30 m 
pixel with discrete mosaiced areas of two classes, and of a single pixel with areas where the two 
classes are intermingled, such as for emergent vegetation). Landsat pixel size is approximately 
30 m, compared to the training dataset scan size of 1-m diameter. As the features of interest 
are metres to tens of metres in size, Landsat pixels will generally include a greater mixture of 
ground conditions, resulting in a mixed spectral response, compared to the relatively pure 
training scan size. The underlying calculations for NDVI, NDWI and VNIRI are based on 
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normalisation of band value magnitude differences, reflecting the dominant condition; the 
uncertainty is difficult to quantify and this Chapter has assumed similar behaviour for the 
Landsat pixel as for the 1-m training scan. The more precise content control over the 1-m training 
scans enabled better determination of water, bare and vegetation index thresholds, in accord 
with the aim of improving detection of water. 

 
 
 

  
(a) NDVI/McFeeter’s NDWI 

composite classification. 
TOTAL ACCURACY (W+V+B) = 53.33% 

 

 

  
(c) Water-Bare-Vegetation (WBV) 

composite classification using 
McFeeter’s NDWI. 
TOTAL ACCURACY (W+V+B) = 70.37% 

 
(b) NDVI/Gao’s NDWI 

composite classification. 
TOTAL ACCURACY (W+V+B) = 74.07% 

 

 

 
(d) Water-Bare-Vegetation (WBV) 

composite classification using Gao’s 
NDWI 
TOTAL ACCURACY (W+V+B) = 78.52% 

Figure 7-6 Classification thresholds based on MSR Cropscan results and field observations, 
using NDVI and NDWI plus VNIRI. User’s and Producer’s Accuracies and Total Accuracy for 
Water, Vegetation (Vegetation1 and Vegetation 2) and Bare categories are included. 
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Figure 7-7 Comparison of Landsat Images classified using WBV and NDVI/McFeeter’s NDWI and NDVI/Gao’s NDWI classifications. (a) Dry (05 
June 2009), (b) high flow (16 February 2010), and (c) strong vegetation response (8 September 2010) around Tookabarnoo Waterhole, along with 
corresponding WOFS extract. 
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(a)  
 

(b)  
 

(c)  
 

(d)  
 

Figure 7-8 Comparison of Landsat Images classified using WBV and WOfS. 
(a) The closeup of the northern end of Tookabarnoo Waterhole shows the additional channels 

identified by McFeeter’s WBV for the vegetated condition (Figure 5.7 (c)). 
(b) WoFS Water Summary Filtered map (percentage of clear observations where water was 

observed and Confidence is at least 1%); and 
(c) WoFS Water Confidence map (% confidence in water being observed here) of same region. 

WOfS images downloaded 30 November 2017. Courtesy Geoscience Australia 
(d) TERN AusCover Total Vegetation Cover, monthly, of same region, downloaded 4 April 2020, for 

November 2017. Courtesy GEOGLAM RAPP.  
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The second category of uncertainty is the adequacy of sampling for the training dataset. There 
was a conscious effort during fieldwork to gather a representative sample of scans across the 
range of study area ground conditions. Due to time, equipment and weather constraints, the 
number of samples and the ability to scan trees was limited. Due to ongoing drought followed 
by prolonged wet weather and road closures, scans could not be carried out during ‘wet periods’ 
with strong vegetation responses. Due to the difficulty of vehicle access during flows, only 
standing water (of varying turbidity, often exceeding 800 NTU) was scanned; flowing or less 
turbid water may exhibit a different response. The limited scope of the sample scans can 
represent dry conditions during small-to-medium flows and interflow periods, but it may be 
inadequate for the rarer wet and flood conditions. 

There are three main sources of observational error. The representativeness of the chosen 
samples is not necessarily from most frequently occurring surface types, but is biased towards 
accessible sites. The natural variability within each surface type, including soil colour, is 
potentially not captured due to the limited number of samples. Equipment accuracy, 
illumination condition, and other undesirable conditions for ground measurement can lead to 
measurement errors. But in mitigation, field observations and subsequent laboratory test in 
Appendix A4 find only a limited sediment colour palette over the study area, and the 
classification tools in this thesis have been tuned to the sample data. Other studies have found 
soil colour is not a major influence for classification models using optical sensors (Guerschman, 
Scarth et al. 2015). 

The sampling uncertainty could be reduced (but not eliminated) with additional fieldwork using 
a fully functional Cropscan MSR during a wet or flow period, if access difficulties could be 
overcome. As this thesis aimed to improve the understanding of water patterns across 
inaccessible floodplains during inundation events, the lack of ground-truthing for all expected 
conditions acts as an unavoidable impediment. 

The third category of uncertainty is observational. Although NDVI has been recommended for 
semi-arid areas with low vegetative density, the values in this Chapter may have been affected 
by shadowing and seasonal variability of the thick riparian vegetation along some Confluence 
channels (Makkeasorn, Chang et al. 2008). Ground status was estimated during field work and 
considerable judgement had to be applied. Flora ranged from trees to ground covers, so judging 
a percentage vegetation cover at a sample site introduces observational errors. Similarly, it is 
difficult to judge the boundary of water when the area adjacent was almost liquid mud. 
Observational error is mitigated by measuring photographs of the sample sites, allowing 
minimum and maximum extents of water, vegetation and bare ground to be estimated within 
5%. Many other studies have experienced similar observational issues; see for example (Tiner 
1999) for a discussion of vegetation sampling issues and (Ouma and Tateishi 2006) for factors 
affecting shore (water edge) detection. 

For spectral observations, the Landsat TM family of sensors (TM, ETM+ and OLI) is compatible 
with the Cropscan MSR but specifications differ. The pre-processing carried out to standardise 
the Landsat data (atmospheric, topographic, sun zenith and acquisition angle correction; OLI 
bias must be removed separately) may have obscured spectral response details (Gill 2010). 
Compatibility of Landsat sensors has been established previously, to within 1-2% for the 
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TM/ETM+ bands (as for example in (Bryant, Moran et al. 2003). A systematic bias has been noted 
for TM/ETM+ vs OLI (Holden and Woodcock 2016). Flood has derived correction factors for 
Australian locations including south-western Queensland (Flood 2014, Holden and Woodcock 
2016) and these have been included by the Queensland DNRM pre-processing. For this project, 
only a very small number of images is involved. The Cropscan MSR is also designed to work with 
similar wavelengths, with similar compatibility. Standardisation of the Landsat dataset by the 
Queensland DNRM was assessed to have a RMSE of 0.01-0.09 after topographic correction, with 
better results for less steep regions. It is therefore assumed that the topographically flat Cooper 
Creek study area dataset is towards the lower (more accurate) end of that range (Gill 2010). 

The Water, Bare and Vegetated category accuracies in Figure 7-6 are based on Confusion 
Matrices derived from Cropscan MSR observations. The Total Accuracies provide a cumulative 
estimate for the inherent uncertainties. Using McFeeter’s NDWI, there is an improvement from 
53% to 70% (+17%) for WBV. But for Gao’s NDWI, there is only an improvement from 74% for 
NDVI/NDWI to 79% (+5%). Other researchers have found similar improvements for composite 
methods, for instance, Ouma and Tateishi improved lake shoreline detection to 98% using a 
composite Landsat-based Tasselated Cap Wetness/NDWI method (20-40% better than either 
alone) (Ouma and Tateishi 2006). Mohammadi reported a 16% increase in detected inundation 
using multiple MODIS-based indices for inundation and vegetation persistence (Mohammadi, 
Costelloe et al. 2017). 

The results in this Chapter were of a similar magnitude to the other studies, but the sampling 
uncertainty is difficult to estimate. The sampled ground conditions do not include seasonal flow 
or the wet periods that occur for 10-15% of the year (BOM-Climate 2018). Repeating the 
estimation of each ground cover in photographs of the sample circle resulted in only minor 
changes to class percentages (+/- 5%). The sensitivity of NDVI, NDWIs and NVIRI to specific 
vegetation types was not studied in detail due to the limited flora during dry/hot periods, 
compared to the expected range of vegetation during wet periods. 

The WBV classification method, based on a ground-truthed training dataset, can be applied to 
any location where a NDVI/NDWI/third-index 3D plot exhibits a lobed distribution; the third 
index definition can be tailored to the ground conditions at the location, and the class thresholds 
can be determined from this lobed distribution. However, the method is not guaranteed to show 
significant levels of improvement over simpler classifications, if the spectral signatures for the 
particular landscape have not been adequately separated. 

Although inclusion of Vegetation as well as Water and Bare, and categories for interfaces (Edge, 
Sparse and Emergent) leads to a more detailed understanding of how water is distributed across 
the highly complicated multiple-channel system, additional work is required to investigate 
spectral signatures of the crack networks extending across the clay floodplains, up to 1m deep 
and several centimetres wide. The classes used here did not distinguish between large deep or 
small shallow cracking. Biofilm and algae effects on Edge and Water would need to be quantified 
for a site-specific mix of species with their own spectral signatures. The available sampling 
opportunities did not include algal blooms in water or visible biofilms which might have affected 
the Vegetation/Water or Vegetation/Bare boundaries.  
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7.4 A Tool for Three-way Characterization of Waterhole Persistence on an Ephemeral 
Multiple-channel Landscape (PIE) 

This Section describes the development of a quantitative three-way method of characterizing 
waterhole persistence into permanent, intermittent, or ephemeral (PIE), using probability 
distribution functions of NDVI and NDWI, and applies it to waterholes on the Confluence. 

7.4.1. Feature-scale Characterization of Waterholes 

Categorisation of waterholes by the persistence of water is important for ecological studies as 
the waterholes constitute refugia for animals and plants during interflow periods in otherwise 
arid landscapes (Bunn 2006, Fensham, Silcock et al. 2011). The frequency and duration of 
inundation can strongly influence what species and communities can survive at a location 
(Capon 2004) and the composition of seedbanks (Capon and Brock 2006), and may also influence 
the chemical composition as evaporation concentrates any solutes (Hamilton, Bunn et al. 2005). 
Human activities can disproportionately impact less voluminous waterholes, for example 
through extraction of water for cattle or construction. 

Previous studies of the Cooper Creek/Wilson River area have relied on interviews and historical 
records (Piddocke 2009, Silcock 2009, Silcock 2010, Silcock, Piddocke et al. 2013, Silcock 2014), 
sediment analysis (Nanson 1986, Knighton 1994, Knighton and Nanson 1994, Knighton and 
Nanson 2000, Fagan and Nanson 2004, Maroulis, Nanson et al. 2007), flora surveys (Hamilton, 
Bunn et al. 2005, Bunn 2006) and the WOfS product (Geoscience Australia 2015, Mueller, Lewis 
et al. 2016). These either had a qualitative nature, a geological-scale timeframe, a seasonal 
timeframe that did not include long-term (decadal) cyclical vegetation changes, or a lack of time 
sensitivity. The work here aimed to address some of these gaps by providing a quantitative 
assessment scheme using decadal timeframes and including timing information (how much time 
spent in the various ground states). 

7.4.2. Indices and data manipulation 

Once again, the waterholes under study are: Meringhina, Goonababbina, Nockatunga, 
Naccowlah, Tookabarnoo, Yotally and Padi Padi. The seven waterholes and their lineal regions 
of interest (LROIs) are pictured in Figure 7-2, showing how the LROI extractions covers the whole 
extent of each feature (sill-to-sill) but does not include non-waterhole pixels at either end. 

For waterhole persistence classification, DNRM-standardised Landsat 5 TM, Landsat 7 ETM+ and 
Landsat 8 OLI images are used. The available images are culled manually to remove those with 
cloud over the study area, resulting in a useable dataset of 567 Landsat 5, Landsat 7 and Landsat 
8 files containing six 30 m resolution spectral bands (blue, green, red, NIR, and two SWIR). 
Landsat 4 TM data are available from July 16, 1982 to December 14, 1993, and some of these in 
jpeg format have been used for comparison with later data. 

ENVI 4.3/IDL 6.3 has been used to define the LROIs along the selected waterholes. At each point 
along each LROI, the 6 band values have been extracted from the 567 pre-processed DNRM 
images. (Destriping of Landsat 7 along the extracted LROIs has been achieved by averaging the 
immediate preceding and succeeding pixels along the same landscape feature; consecutive 
pixels have physical continuity of relationship; Chen (Chen, Zhu et al. 2011) previously 
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demonstrated a similar near-neighbourhood based method for areal interpolation). The 
extracted values are used to calculate NDVI, NDWI, and GSI (as defined in Section 7.3.1) at each 
point of each LROI, and these datasets are then used with the Matlab 2012a probability 
distribution function (PDF) to generate PDF plots for each waterhole (Figure 7-9). Together with 
an alternative numerical display of metrics from these plots (Table 7.4), the PDF plots are used 
to characterize waterholes as Permanent, Intermittent or Ephemeral (PIE). Both McFeeter’s and 
Gao’s NDWI are investigated. 

7.4.3. Results – Feature-based Permanent-Intermittent-Ephemeral Characterization 

The distinctive patterns of NDVI, NDWI and GSI probability density functions, separately or in 
conjunction, can be used to quantify waterhole persistence and inundation behaviour. Using 
Figure 7-9 (and Table 7.4) inundation behaviour can be deduced from remote-sensed data 
timeseries. The PDFs include a long-term element, in that longer observation periods provide 
more data points from which to derive the PDF. The PDFs are based on lineal regions-of-interest 
(LROIs); the statistics are LROI-based, with relationships between consecutive LROI pixels. If the 
most likely path for flows is along the centreline of a waterhole (not an unreasonable 
assumption, geomorphologically), sampling along this centreline to generate a LROI simplifies 
the spatial component. 

The three permanent or frequently filled waterholes along Nguku-Cooper Creek (Meringhina, 
Goonababbina, and Naccowlah) had consistent NDVI peak values at or below zero. One 
permanent KaRirra-Wilson River waterhole (Nockatunga) and two waterholes with varying 
vegetation coverage between inundations (Yotally and Tookabarnoo) have multiple NDVI peaks 
including above-zero values (vegetation or bare) and below zero-values (water). The relatively 
dry Padi Padi waterhole has no below-zero (water) peak. 

The three main PDF shapes can be related to the proportion of time a waterhole spends in filled 
and dry conditions. The first PDF configuration is indicative of a ‘permanent’ (always inundated) 
waterhole (eg Meringhina, Nockatunga, Goonababbina): 
 high single PDF peak at zero or negative NDVI 
 single PDF peak for Gao’s NDWI above 0.6 
 high single PDF peak for McFeeter’s NDWI between -0.1 and zero 
 high single PDF peak for GSI above 0.2 (normally associated with coarser sediments) 

Knighton and Nanson theorise that permanent waterholes on floodplains like the Confluence 
form where scour has penetrated through the overlying silts/muds to the underlying sand layers 
(Knighton and Nanson 2000) which is congruent with higher GSI. 

Although in NDVI and NDWI it resembles a ‘permanent’ waterhole, Naccowlah exhibits a wide 
double peak for its GSI PDF, centred on 0.2. The two sub-peaks are of approximately the same 
magnitude and correspond to the permanently wet and dry characteristic index peaks of other 
waterholes, particularly Goonababbina (permanent/frequent) and Yotally (ephemeral). 
Naccowlah is a shallow waterhole that regularly fills and dries out. The smooth width of the grain 
size curve infers variation between when water was present (sediments present as turbidity) 
and when it was absent (sediments present as bed sediment).  
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The second PDF curve configuration is indicative of an ‘intermittent’ waterhole that oscillates 
between being filled and being dry (eg Naccowlah and Tookabarnoo): 
 high single PDF peak at zero or negative NDVI 
 multiple PDF peak for Gao’s NDWI below and above 0.4 
 high single PDF peak for McFeeter’s NDWI around zero 
 high single or multiple PDF peaks for GSI around 0.2 

For example, Tookabarnoo is well vegetated when dry, and exhibits a much higher NDVI peak 
than the other periodic waterholes. The relative magnitudes of Gao’s NDWI PDF peaks imply 
that the dry phase lasts much longer than the inundated phase but the high NDVI shows 
subsurface moisture remains available for vegetation. This is borne out by field observation. 

The third PDF curve configuration reflects ‘ephemeral’ waterholes, that are only rarely filled (eg 
Yotally, Padi Padi). Low vegetation and low water indices are key to this category: 
 high narrow single PDF peak at low but positive NDVI 
 high narrow PDF peak for Gao’s NDWI below zero 
 high narrow PDF peak for McFeeter’s NDWI well below zero 
 high single PDF peak for GSI at or above 0.2 

As waterholes become more intermittent (ie more frequently filled), multiple peaks begin to 
form. For example, Yotally is more frequently filled and has secondary peaks developing for its 
NDVI and NDWI PDF curves, compared to the more arid Padi Padi. 

Padi Padi appears to be an exception to the higher GSI/permanent waterhole association. Padi 
Padi, a predominantly dry site located next to a sandstone outcrop in a small tributary 
catchment, has a GSI above 0.2 in spite of its rarely-inundated situation (as confirmed by 
frequently low NDVI and NDWI). Flows in streams such as these derive from frontal rain systems 
and storms, rather than the northern monsoons that supply the bulk of the flow in the Nguku- 
Cooper Creek (McMahon, Murphy et al. 2005). They are flashier due to their smaller catchment 
and higher gradient, and will have more erosive and sediment transport competence during 
their short flow time than the slower-moving minimal-slope Nguku-Cooper Creek. The Nguku-
Cooper’s clay-laden floodplain has formed where downstream constriction has slowed its flow 
and caused the deposition of fine sediments that have been transported from far upstream. Padi 
Padi is immediately upstream of a floodout zone, where channelized flow breaks down, and 
dissipates, which would lead to the deposition of its relatively coarser sediment load. This 
example shows it is important to consider all four indices in characterizing a waterhole, as 
classification of Padi Padi purely on GSI would have been misleading. 
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(a)  (b)  

(c)  (d)  

Figure 7-9 NDVI vs NDWI vs GSI PDF Persistence Classifications of Waterholes. (a) NDVI, (b) McFeeter’s NDWI (c) Gao’s NDWI, and (d) GSI were 
investigated as each revealed different aspects of the waterhole inundation behaviour. 
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Table 7.4 Summary of Figure 8 Waterhole PDF Characteristics. Percentages in first column are from the online WoFS map Water Summary – Filtered, 
and give percentage of time water was detected around the midpoint of the waterhole (and WoFS confidence in that observation). WOfS 
downloaded 30 November 2017. Courtesy Geoscience Australia. 

LOCATION 
(PIE class) 

NDVI 
Range 

NDVI 
Peak(s) 

NDVI 
Max(s) 

NDWI 
GAO 

Range 

NDWI 
GAO 

Peak(s) 

NDWI 
GAO 

Max(s) 

NDWI 
MCF 

Range 

NDWI 
MCF 

Peak(s) 

NDWI 
MCF 

Max(s) 

GSI 
Range 

GSI 
Peak(s) 

GSI 
Max(s) 

Meringhina (P) 
100%, (90-100%) 

-0.4 to 
0.4 

-0.50 4 -0.30 
to 1.00 

0.80 b 1.6 -0.60 
to 0.60 

-0.1 4 0 to  
0.3 

0.25 b 11 

Goonababbina (P) 
100% (80-100%) 

-0.4 to 
0.4 

0 4 -0.30 
to 1.00 

0.65 b 1.6 -0.60 
to 0.60 

0 4 0 to  
0.3 

0.24 11 

Naccowlah (I) 
50-100%(80-100%) 

-0.4 to 
0.4 

-0.50 
1.00 

3.5 
2.5 

-0.30 
to 1.00 

0.50 b 1.6 -0.60 
to 0.60 

-0.05 3.2 0 to 
0.3 

0.15, 
0.22 d 

 8,        
8 

Nockatunga (P) 
100% (80-100%) 

-0.4 to 
0.4 

-0.15 
0.15 

3.5 
1.0 

-0.30 
to 1.00 

0.15, 
0.75 d 

0.6, 
2 d 

-0.60 
to 0.60 

-0/3 
0 d 

0.7, 
3.5 d 

0 to 
0.3 

0.02, 
0.27 d 

0.05,  
13 

Tookabarnoo (I) 
50-70% (80-100%) 

-0.85 
to 0.8 

-0.18 
1.00 
1.50 

2.5 -1.00 
to 1.00 

-0.50, 
0.8 d 

1, 
1.4 

-0.80 
to 0.90 

-0.2, 
0.1 db 

1. 
2 db 

0 to 
0.35 

0.15 b 9 

Yotally (E) 
20-50% (80-100%) 

-0.6 to 
0.6 

0.13 5.5 -0.40 
to 1.00 

-0.1, 
0.9 d 

3.5, 
0.7 

-0.60 
to 0.60 

0.7 
0.25 db 

1 
4 

0 to 
0.3 

0.19, 
0.29 d 

15.5,  
0.5 

Padi Padi (E) 
1-20% (50-80%) 

-0.3 to 
0.9 

0.15 6.2 -0.40 
to 1.00 

-0.15 6 -0.70 
to 0.20 

-0.35 6.5 0 to 
0.35 

0.27 b 11.5 

The index value and PDF magnitude at the peak location has been tabulated; most curves were smooth. Most-likely values of the index (peak) and 
height of PDF curve (max) have been provided for the single, double, or triple peaks; b indicates a bump in the curve. The larger the value (max) on the 
vertical axis, the narrower the curve, indicating less variability. Range is another indicator of curve width, in other words, what index values can be 
expected. Boxes emphasize similar values - blue solid is associated more with ‘permanent’ waterholes, brown dashed more with ‘ephemeral’ and green 
dotted is associated with ‘intermittent’. Note the divisions are not clearcut, with many overlaps which may reflect different points along the permanent-
dry spectrum.
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7.4.3. Discussion – Feature-based Permanent-Intermittent-Ephemeral Characterization 

As evidenced by Padi Padi, there are issues that complicate the interpretation of the PDFs. The 
two NDWIs are sensitive to different aspects of the landscape. Gao’s NDWI is consistently high 
for the more permanent waterholes, indicating persistent presence of water. Multiple high/low 
peaks occur at intermittently inundated waterholes, reflecting their two states – inundated and 
dry. The mostly-dry Padi Padi Gao NDWI is consistently low. Note Tookabarnoo has two distinct 
NDWI-Gao peaks indicating a no-water state (-0.5) and a water state (0.8), which reflects the 
WOfS water detection rate of 50-70%. Yotally has two peaks (a large one at -0.1 and a smaller 
one at 0.9 that is only 1/6 the height), again reflecting the WOfS detection rate of 20-50%. 

The differentiation for McFeeter’s NDWI is not as pronounced; maxima are higher for the more 
permanent waterholes with a shift to greater negative values for the ephemeral waterholes. It 
is interesting that McFeeter’s provided the better visual discrimination of channels in vegetated 
or silty landscapes using the WBV composite classification (Figure 7-7), yet Gao’s provides 
greater separation of PDF peaks for the PIE distinction and the higher classification accuracy. 

GSI was originally tried as the third axis for WBV, but did not significantly separate out the 
overlapping NDVI/NDWI plotted points. A PDF generated from the GSI datasets at each 
waterhole was drawn to investigate whether there was a pattern related to waterhole 
persistence. Although it is only a minor difference, the presence of water (more permanent 
waterholes) results in a single peak between 0.2 and 0.3, and the absence of water (more 
ephemeral waterholes) results in single peak between 0.1 and 0.2. Naccowlah has an interesting 
double peak at GSI values corresponding to the peaks for permanent and ephemeral waterholes 
(0.25 and 0.15 respectively). However, the earlier example of Padi Padi shows that GSI cannot 
be used on its own to classify a water feature. 

In Xiao’s laboratory-based findings, a GSI of 0.2 corresponded to less than 10% silt/clay and more 
than 85% fine sands. Xiao did not account for mixed grain sizes, mineral compositions, water or 
vegetation effects (Xiao, Shen et al. 2006). Hadeel found that for a sandy study area, GSI was 
negative for water and near zero for vegetation (Hadeel 2010), which does not agree with these 
findings for the Confluence. However, Hadeel did not address highly turbid water or dormant 
vegetation. For the Confluence, water, vegetation and pelletised clay grains of sand-like size 
(which break into clay and silt when wetted or ground up) were observed during fieldwork. As 
the GSI values in this Section do not completely agree with other studies, further investigation 
of GSI behaviour under different sediment compositions and conditions is recommended. 

Table 7.4 summarises the PDF peak magnitude and peak index value, in an attempt to determine 
simple rules of thumb to classify a waterhole as ‘permanent’(P), ‘intermittent’(I) or ‘ephemeral’ 
(E). Note that one waterhole can have multiple peaks. Waterholes have overlapping ranges 
within each index. For instance, all permanent waterhole NDVI peaks are around zero 
(Meringhina and Nockatunga), but so is an intermittent waterhole NDVI peak (Naccowlah). 
There appear to be two bands for the intermittent and ephemeral NDVIs (Tookabarnoo, Yotally 
and Padi Padi) centred around 0.15 and -0.15. The maximum PDF values (height of peaks) for 
ephemeral waterholes (Yotally and Padi Padi) can be much more intense (up to 6.5) than for 
permanent (3.5) or intermittent (1-3.5) waterholes. The width of PDF peaks relates to the range 
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over which PDF values were likely in Figure 7-9; the narrower the peak the more intensely 
(frequently) a particular NDVI/NDWI/GSI condition is present. 

The examples in Figure 7-9 and Table 7.4 show that permanent waterholes have different PDF 
curve shapes for NDVI, NDWI and GSI, compared to more ephemeral waterholes. This difference 
can be used to estimate the probability of inundation and hence the category of waterhole. 
Knowledge of the permanence or intermittency of a waterhole can assist in its management The 
PDF categorisation method could be extended by comparing PDF curves over two time periods, 
to detect changes in inundation frequency and persistence. Indeed, analysis of PDF curves for 
other indices of interest could quantify the behaviour of waterholes beyond water persistence. 
PDF curve analysis and PIE characterization could also be applied to other features, such as lake 
edges and coastal strips, channel sections or river reaches, and could also be used in conjunction 
with inundation frequency and persistence maps and ground-cover fraction techniques 
(Mohammadi, Costelloe et al. 2017). 

An alternative display method for the WBV classification at sampled points could be as a ternary 
diagram to investigate surface condition trajectories, possibly cyclical, at key locations over time 
(Powell and Roberts 2010). The tools could also be used with data from other raster-style 
sensors, such as MODIS (twice-daily interval but 250m-500m spatial resolution) to assess 
coarser-scale but more time-sensitive features and events. 

The focus of this Chapter has been the development of pixel-level water identification, and 
feature-level persistence characterization, using selected waterholes with sample data and 
known characteristics to ‘train’ the tools. The methods have been demonstrated to correctly 
classify the known characteristics for features on the Confluence using only remote-sensed data 
for input. In upcoming Chapters, these tools will be applied to locations whose characteristics 
are not yet known, particularly in Chapter 9 with an examination of the locations of the 
Wangkumara Story of the Marnpi. 
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7.5 Conclusion 

One of the many challenges in characterizing the temporal and spatial distribution of flows along 
individual channels of ephemeral anastomosed river systems (at scales ranging from sub-metre 
to kilometre) is the determination of inundated, vegetated, and bare ground states and their 
relative durations. This Chapter presents two tools to address this issue at pixel and feature 
scale, and demonstrates them in an area complicated by the dual continua of water-turbid 
water-mud-sediment and bare soil-dusty dormant vegetation-actively-growing vegetation. 

Originally it was hypothesised that a three-way water/vegetation/bare soil classification using a 
combination of NDVI, NDWI and VNIRI, with training data from field observations, would more 
accurately reflect ground conditions than more common two-way NDVI/NDWI classification 
methods. It was also hypothesised that NDVI, NDWI and GSI probability density functions could 
classify waterhole persistence and inundation behaviour. 

In support of the first (pixel-level) hypothesis, this Chapter has shown that the Landsat-based 
WBV water/bare/vegetation classification using three input indices (NDVI/NDWI/VNIRI) and a 1 
metre diameter training dataset was able to carry out improved classification at the 30 m 
Landsat TM/ETM+/OLS scale and extract additional vegetation detail, even in areas of dry dusty 
vegetation or highly turbid water. 

In support of the second (feature-level) hypothesis, this Chapter has generated probability 
distribution function plots using points from lineal regions of interest along waterholes extracted 
from long-term Landsat datasets. It has shown that waterholes exhibit different PDF patterns of 
NDVI, NDWI and GSI depending on whether they are always, rarely, or sometimes inundated. 
This difference can be used to estimate frequency of inundation and assign a quantifiable PIE 
category (Permanent, Intermittent or Ephemeral). 

The WBV and PIE methods can be applied to the remotely-sensed identification of inundation 
as part of a broader flow pattern study. The methods could be adapted and improved further by 
using comparisons between two time periods, alternative display plotting of WBV on a ternary 
diagram to identify cycles, or incorporating data from other sensors or utilising other indices. 

In the next Chapter, my LU and ESO descriptive tools (from Chapter 6) and WBV and PIE 
characterization tools (from Chapter 7), are applied together with a new spatial representation 
over time, to tell a technical story of changing flow patterns on the Nguku/KaRirra-Cooper 
Creek/Wilson River Confluence as a result of human activities. 
 

 

 

Parts of this Chapter have previously been presented at MODSIM13 (Adelaide, 1-6Dec13), the 
11th International Symposium on Ecohydraulics (Melbourne, 8-12 Feb 2016) and the University 
of Melbourne Infrastructure Engineering Postgraduates’ Conferences (2011 to 2017, 
Melbourne). An earlier error in the preprocessing of the Cropscan raw data has been corrected. 
See Appendix A6 for details. 
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CHAPTER 8 – VISUALISATION OF FLOW BEHAVIOURS OF ANASTOMOSED 
CHANNEL SYSTEMS 

In this Chapter I present the Ribbon Plot tool, using Landsat data to tell a story 
of flow paths and transects over extended time, including abruptness of 
changes. I answer two Research Questions on human impacts on the 
Confluence using Ribbon Plots. Note: Methods Sections 8.1, 8.2.1-3, 8.6.2 and 
8.7 re-use my own words from conference papers; page 8-34 lists the sources. 

 
8.1 Visualising Highly Anastomosed Landscapes Over Extended Time Periods 

As discussed in previous Chapters, flow patterns within heavily anastomosed river reaches such 
as the Nguku/KaRirra-Cooper Creek/Wilson River Confluence are difficult to analyse, making 
environmental and water change detection and management challenging (Tooth 2009). 

A major challenge exists in simultaneously analysing multiple flow paths. Evidence of 
interactions between multiple floodplain elements, such as surface and shallow lateral 
subsurface flows, can become apparent through patterns in flow timings, storage, evaporation 
losses and seepage (Knighton 2001). The identification of inundation extents can be affected by, 
for instance, the appearance of emergent vegetation (Bartsch 2009) and the resultant mixed 
pixels (as discussed in Chapter 7), or by a greening response to water(Parsons and Thoms 2013). 
The study of multiple, sometimes temporary, flow path systems is also challenging in 
representing channel identification and connectivity, water temporal and spatial distribution, 
monitoring of flow timings, and physical flow measurement difficulties (Tooth 2000, Larned, 
Datry et al. 2010). 

A significant aggregated effect may exist when flows of varying magnitude and speed diverge, 
travel varying distances, and converge. Channels have been demonstrated to possess differing 
rise and fall flow velocities, particularly on low-gradient rivers such as the Cooper (Knighton and 
Nanson 1994). The downstream convergence of the resulting channel flows can result in 
superimposition of in-phase or out-of-phase rising and falling limbs, potentially leading to 
downstream channels exceeding bankful conditions even if individual upstream flows do not 
attain flood thresholds (Knighton 2002). 

Quantitative, landscape-scale hydrological and geomorphic analysis of remote, multiple-channel 
river reaches is hampered by a lack of representational tools, and measurement difficulty during 
significant flow events (Bullard 2007). A ‘black box’ input/output modelling approach obscures 
spatial distribution of flow. At the other extreme, small-scale localised studies may be 
insufficient to identify landscape-scale emergent patterns (Grayson and Bloschl 2001). Fieldwork 
is infrequent, and often impossible during flows (Bullard 2007), and existing remote sensing 
tools are difficult to interpret and adjust using a monthly (or finer) resolution over a decadal 
timeframe (Mueller, Lewis et al. 2016). 

Spatial patterns are often represented in the literature as image ‘snapshots’ with 2D 
classification of inundation area (for example, (Ouma and Tateishi 2006, Muir and Danaher 
2008)). The number of images that can be stored and manipulated simultaneously is restricted 
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by computer storage space and processing capacity (Mueller, Lewis et al. 2016). This results in a 
loss of spatial resolution if numerous images are reproduced at reduced scale (Ryu 2005, Westra 
and De Wulf 2009) or temporal resolution when only a small number of snapshots are selected 
for analysis (Jackson, Chen et al. 2004). Animations of inundation are also used. These are 
subject to recency effects that occur when the human brain processes animations, making the 
most recently viewed inundation sequences appear more significant (Murdock 1962) For both 
snapshot and animation, quantified comparison is difficult and the storage and processing 
requirements for full scale image sequences can be onerous. 

As part of monitoring and management of water in these complicated landscapes, it is important 
to characterize water distribution across landscapes and over time, to track regions of 
environmental stress and identify changes that may be brought about by human activity. 

Chapters 6 and 7 developed tools for systematizing complicated landscapes (LU) and 
anastomosed drainage networks (extended stream orderings), and for characterizing remote-
sensed spectral data at pixel-level (WBV) and feature-level (PIE) respectively. This Chapter 
interprets remote sensed data along and across landscapes using those tools in combination 
with field observations and information from interviews and historical references. An additional 
tool, the ‘Ribbon Plot’, is introduced to allow quantitative analysis over time along a lineal region 
of interest. Two Research Questions are addressed, regarding consistency of community 
knowledge of flow behaviours and quantification of any human impacts on flow patterns. Once 
again, the tools are demonstrated for Nguku/KaRirra-Cooper Creek/Wilson River Confluence 
although the principles can be applied more generally. 

The objectives of this Chapter are to quantify flow behaviours (over time) and patterns (over 
space) on a complicated landscape, with the aims of investigating potential human impacts and 
addressing two of the Research Questions from Section 3.3: 
 Is Community knowledge of local floodplain hydrology consistent with observed 1986-

2017 flow behaviours? 
 Are current human impacts (especially mining infrastructure, impact of grazing, 

construction of roads) having quantifiable effects on distribution patterns? 
The motivation for this work is to improve on existing ad hoc snapshot comparison methods and 
enable quantified assessment for management and monitoring. 

This Chapter develops the ‘Ribbon Plot’ (so named for its resemblance to a set of ribbons) to 
concisely represent the spatial distribution of characteristics, such as vegetation or moisture, 
along pathways within a complex anastomosing system. Ribbon Plots overcomes some of the 
existing difficulties with spatial representation for decadal-timeframe and landscape scales by 
focussing along lineal regions of interest selected to inform about a particular aspect over time 
(for example along a channel for channelized flows, or along a transect for effects downstream 
of a road). Suitable choices of multiple regions of interest allow for following flow behaviours 
concurrently down multiple channels, or detecting change at points over extended time periods. 
This Chapter explains the Ribbon Plot concept, and how to generate and interpret different 
types of Ribbon Plots and apply them to three examples to quantifiably answer questions on 
flow behaviours and human impacts. The examples look at three areas of the Confluence, 
namely Tookabarnoo and Yotally Waterholes and the Adventure Way road.  
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8.2 A Tool for Quantifying Status and Change Along Linear Regions of Interest - Ribbon Plots 

This Section introduces the concept of the Ribbon Plot concept, and the method of production, 
including pre-requisites and limitations. The underpinning idea is that lineal extracts from a 
series of Landsat images can be used to summarise inundation and vegetation status along a 
flowpath or transect over an extended time period, in a way that enables multiple flowpaths to 
be compared. The resulting implementation is the Ribbon Plot. 

8.2.1 Explanation of the Ribbon Plot Concept 

A Ribbon Plot is an adaptation of the Hövmoller diagram, a linearised simplification of a region 
of interest using time as one of the coordinates. In other words, it is a graphical method to 
encode the status value of sets of points, with time on the horizontal axis and distance along a 
flowpath or transect along the vertical axis. Data are extracted along a line, or “thal”, which may 
be the thalweg of a channel, or some other linear landscape characteristic such as a transect. 
Figure 8-1 illustrates some thals. 

The extraction results in one set of values along the thal from each of a series of remote-sensed 
images. To create a Ribbon Plot, the values are drawn as one column per image. Rather than 
working with a massive data cube built from consecutive remote sensing images, Ribbon Plots 
only store data relevant to the defined segments, which enables nimbler analysis. Figure 8-2 
illustrates the process and Section 8.2.3 details it. 

 

     
 
 

Figure 8-1 Thal terminology and conventions. 
Underlying imagery courtesy GoogleEarth. 

 
The method uses remote-sensed data (verified by ground-based observations), enabling 
relatively continuous monitoring even where site access is impossible. Conceptually, it is 
possible to amalgamate data from a range of sources, to maximize the information that can be 
gathered for a sparsely-instrumented, rarely-visited area. The level of detail can be varied, to 
more closely examine a particular area, or to take in a large spatial or temporal extent, which 
enables use a range of ecosystem scales. Values can be compared, either at a location (point) 
over time, along a channel (thal) over time, or across an area over both time and space. It is 
possible to repeatedly refine parts of the thal network if initial analysis indicates that more detail 
is needed for those parts.  

0  
 0 
 
 
 

 0 
 

(a) thals along channels, 
index 0 at the upstream end 

(b) transect thal, index 0 at 
the western end 

(c) thal along waterhole centreline, 
index 0 at the upstream end. 
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8.2.2 Required Characteristics for Ribbon Plot Methods 

Ribbon Plots rely on lineal regions of interest. For best results, a continuous evenly-spaced 
timeseries of remote-sensed spectral datasets is needed. Consequently, Ribbon Plots are most 
suitable for river reaches with the following five characteristics. 

As the Ribbon Plot follows a one-pixel-wide thal, the area of anastomosis should ideally remain 
stable over a decadal timescale, although not necessarily over longer periods. The method can 
detect drainage network changes and avulsions, and identify whether channels frequently 
relocate, although a new post-change set of thals would need to be defined after each relocation 
event, with the attendant discontinuity in the ribbon configuration. 

If used for management information, ideally there is no significant human alteration of the 
landscape during the timespan to be studied, such as construction of dams or weirs. If used for 
monitoring, the method can detect changes, as will be demonstrated in the next Section. 

Because they are designed for long-term visualisation, Ribbon Plots require compatible remote-
sensing data of a suitable temporal resolution, over the timespan to be studied. For example, 
forty years of fortnightly-to-monthly Landsat data, where the overlap of operational period 
between successive sensors provides a means of calibrating sensor differences. 

The remote-sensing data need to be of sufficient spatial resolution to identify flowpath centres 
and are of sufficient accuracy to allow the same point to be located on successive images (ideally 
a high degree of accuracy of geo-location). The data source with the highest resolution should 
be used to define the pixels that make up the thals. 

The available remote-sensing data are of suitable spectral resolution to enable the 
differentiation of key elements under study (for instance, turbidity levels, soil moisture, or 
vegetation cover) and calculation of relevant indices. The spectral resolution of data sources also 
needs to be compatible. 

 
 

Figure 8-2 Step-by-step Ribbon Plot Process. Blue arrow indicates direction of flow. 
Underlying imagery courtesy GoogleEarth.  
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8.2.3 Generation of a Ribbon Plot – Method 

The Study Area – in this case a floodplain – is conceptually divided depending on focus of study 
– in this case into a channel system. Ribbon Plots are then generated as follows: 

1. A series of images is collated, to provide sample data for multiple dates within the 
timespan of the study. The image sources could vary, as long as compatible indices (such 
as NDVI or NDWI) can be calculated; classification of indices minimises the error that 
results from different sensors. Extraction is by geo-location, which obviates the need for 
multiple re-sampling of cell sizes. 

2. To define a thal, an array of pixel geographical coordinates along the linear feature to 
be investigated (transect, channel, etc) is extracted from one of the images that covers 
an event of interest; in this thesis, the thals were selected by visual inspection of an 
image that captured a known large flow event in both the Cooper and Wilson systems. 
The thal is stored as a list of points in the format: 
 point location index; 

 geographic coordinates. 

3. The band values at each location (pixel) along each thal are extracted from each of the 
images (dates) in turn, and indices calculated and classified. Each extracted thal has its 
own data stack, stored as a matrix, with the fields: 
 point location index; 

 date; 

 spectral band values OR NDVI/other indices, at that point for that date. 
Different calculations and classifications can be based on an extracted thal matrix, which 
reduces computational effort significantly compared to operating on source images. 

4. The classified indices for each thal are plotted, one per date, in a linearised format; the 
cumulative plot resembles a ribbon. Qualitative assessments can be made of the 
resulting Ribbon Plots. As the representation method straightens out meanders, it 
provides a direct comparison of actual path lengths when comparing network paths and 
movement (of moisture, water etc) along them. 

5. To aid interpretation, the Ribbon Plots are arranged in geographically meaningful 
configurations. The ribbons are generally read in the normal direction of flow – although 
the method can accommodate reverse flow – and in time sequence - left to right.  Each 
image results in one set of Ribbon Plot columns with the same horizontal time 
coordinate. Colours are used to represent the classified NDVI or other index values at 
each observation time. 

6. Quantitative analysis of the Ribbon Plots can be carried out at a point or along a single 
thal, or a quantitative comparison between different thals can be undertaken. 

Ribbons along channels are normally read in the direction of flow and in time sequence left to 
right. Ribbons along transects are read as between the two endpoints (for instance, 
northernmost extent at top to southernmost extent at bottom) and in time sequence left to 
right. These conventions can be varied to suit the particular investigation.  
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8.3 Nguku/KaRirra-Cooper Creek/Wilson River Confluence Ribbon Plots 

The Confluence study area extends as shown in Figures 2-2 and 8-4. Figure 8-3 contains aerial 
photographs of the Confluence landscape following a significant rain event on 9 May 2016 of 
approximately 100mm in 2 hours, with ARI 50-100 years (BOM 2019). This is outside the date 
range of the Landsat dataset used in this thesis, and no ground-based fieldwork was possible, 
but the overflight has been used to help interpret wet periods in the remote-sensed record as 
the area has otherwise been in drought during fieldwork. 

For Ribbon Plots used in this thesis, time will be plotted along the x-axis, and channel/transect 
segment location along the y-axis; point values of the property of interest (for example, NDVI) 
will be drawn in different colours. The paragraphs below relate to the Steps in Section 8.2.3. 

 

 
(a) Floodplain around Tooley Wooley 

Waterhole, showing the extent of road 
construction and how it cuts across channels. 

 
(b) Western edge of Confluence, Tookabarnoo 

Waterhole in foreground and Nockanoora 
Waterhole just visible in upper left. 

Figure 8-3 The Nguku/KaRirra-Cooper Creek/Wilson River Confluence. Photographs taken 16 
May 2016, a few days after a localised 100+ mm rain event. Photographs D.Kucharska. 

 

8.3.1 Ribbon Plot Generation for the Confluence 

Step 1: As stated in Section 7.2.1, a set of 567 standardised Landsat tiles 96/79 covering the 
study period has been obtained from Queensland’s Department of Environment and Resource 
Management. Tile 96/79 does not quite cover the westernmost Nappa Merrie extent but is 
sufficient to address the Research Questions using Ribbon Plots without the need for stitching 
multiple tiles, although there would be no conceptual problem with doing this 

Steps 2-3: Vegetation and inundation indices are derived from the Landsat data, and indices 
including the WBV tool (from Chapter 7) are used to classify the ground status. Thal selection 
and extraction of data from the remote-sensed dataset are carried out in ENVI 4.3/IDL 6.3. 
Manipulation of data to de-stripe Landsat 7 and generate indices is accomplished using Matlab 
R2012a. Landsat 7 striping is removed by linear spatial interpolation along the thals. (See 
Appendix A5 for IDL and Matlab program codes). Figure 8-4 shows the thals that have been 
selected for this thesis. (For this Figure only, they have been drawn in GoogleEarth, as it is easier 
to highlight and give a wider context.) The channel thals follow the centrelines of the most 
obvious channels, whereas the transects cut across the landscape. 

Tookabarnoo 

Nockanoora 

Tooley 
Wooley 
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Figure 8-4 Thals and Waterholes selected for Ribbon Plots. Cross-references to Figures in Appendix A7 shown. Underlying imagery courtesy GoogleEarth. 

 

 

        Scale: 40 km (in 8 km segments) 

CCEN Fig A7-2(c) 

CCWN Fig A7-2(a) 

CCWS Fig A7-2(b) 

CCES Fig A7-2(d) 

WILNTH Fig A7-2(e) 
WILMIDE Fig A7-2(f) 

WILMIDE Fig A7-2(g) 

WILSTH Fig A7-2(h) 

WRTRANS Fig A7-2(j) 

TOOK Fig A7-2(i) 

AWNTH Fig A7-2(k) 

AWSTH Fig A7-2(l) 

 Meringhina WH Fig A7-3(a) 

 Naccowlah WH Fig A7-3(b) 

Goonababbina WH Fig A7-3(c)  

Tookabarnoo WH Fig A7-3(d)  

Yotally WH Fig A7-3(e)  

 Nockatunga WH Fig A7-3(f)

 Padi Padi WH Fig A7-3(g)
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Step 4: The values associated with each thal are plotted as Ribbons using Matlab R2012a 
(Appendix A5). Indices are calculated at each 30m pixel along each thal for each of the 567 dates, 
using the formulae in Section 7.3.1, namely NDVI, McFeeter’s and Gao’s NDWI, grain size GSI, 
and VNIRI. The WBV Composite index is applied to classify each pixel as water, bare soil, or 
vegetation. A complete set of Ribbon Plots is presented in Appendix A7. 

Steps 5-6: The waterhole assessment in Section 7.4 has been used to check that they pass 
through all major Landscape Units of the Confluence, and are mostly at the second level of 
divergence in the anastomosed network. A selection of Ribbon Plots is used in Section 8.5 to 
investigate changes in water behaviour on the Confluence.  

 

8.4 The Modern Lived Experience of the Confluence 

In preparation and to provide context for the investigations in Section 8.5, this Section focuses 
on current Community knowledge, that is, the modern Lived Experience, for approximately 1986 
to 2017. The term Community knowledge includes historical records including diaries, journals, 
and interviews with current residents and Indigenous representatives. The term will not be used 
to refer to technical information such as Bureau of Meteorology weather data. Also, it will not 
include traditional Indigenous Knowledge. Appendix A1 contains documentation for Ethics 
Approvals 1237311 and 1341251, and Appendices A2 and A3 contains more detailed 
information about the Indigenous and Settler modern Lived Experiences. The South Australian 
Arid Lands Natural Resources Management Board and Queensland’s Desert Channels 
organisations have also produced reports based on interviews and subjective assessments with 
residents about the Cooper Creek catchment (DesertChannelsQueensland 2006, Piddocke 2009, 
Silcock 2009). 

Current residents of the Confluence comprise pastoralists (some with decades of experience on 
the Confluence), Santos FIFO workers, small business operators in the towns, tourism operators, 
itinerant workers. Some residents are members of the Traditional Owner and Custodian groups 
for the area. 

For hydrological conditions on the Confluence, the plots in Figure 8-5 summarise monthly 
precipitation at selected locations (smoothed using 3-Year Moving Average), and daily river level 
and river discharge at nearest downstream gauging locations. They show the high variability 
over time and the dominance of dry/low/no flow conditions. The plots also demonstrate the 
discontinuity of monitoring data typical of stations in the area. 

The main impacts of pastoral activity include farm tracks, water capture and storage facilities 
(dams, tanks), fences, clearance of trees, introduction of exotic flora and fauna including pest 
species, and of course, cattle grazing and compaction particularly around water sources and 
cattle yards (Tully 2014). Given the shallowness of many of the Confluence floodways, even the 
dirt pushed to the margins of a graded road can block flows (Nockatunga 2014, Orientos 2014). 
Reduction in ground cover due to grazing and hooves can lead to higher Aeolian erosion and 
flashier runoff behaviours. Compaction along fencelines can impact on preferential flow paths 
and redirect water (DesertChannelsQueensland 2006, Silcock 2009).  
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During the interviews, one long-term resident made some interesting observations about 
vegetation: large numbers of small dead trees on the Confluence floodplain were explained as 
having germinated during the 1970s, a particularly wet period, but when the climate reverted 
to dry, there was insufficient water away from the channels to maintain them. Also, the lignum 
in the gilgai area was recalled as much more extensive during the resident’s childhood (1950s-
60s), but has been retreating ever since. Figure 8-5(a) shows how wetter conditions coincided 
with the increased vegetation of the resident’s memories (Orientos 2014). 

 

 
(a) 3-Year Moving Average Monthly Precipitation 1880-2014 in mm at selected locations, showing 

overall variability and also variability between locations. Courtesy Bureau of Meteorology. 

 
(b) River Level (metres above datum) 1949-2014 at nearest downstream gauging stations. 

Cullyamurra (30 km downstream from Nappa Merrie) translated down by 1m for display purposes. 
Standardized Landsat data available for 1986-present. Courtesy Qld DNRM and SA Waterconnect. 

 
(c) Discharge (ML per day) 1949-2014 at the nearest downstream gauging stations. Standardized 

Landsat data available for 1986-present. Courtesy Qld DNRM and SA Waterconnect. 

Figure 8-5 Hydrological History for the Confluence Region.  

|Standardized Landsat | 
record 

|-----Standardized Landsat record-----| 

|-----Standardized Landsat record-----| 
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There is extensive oil and gas extraction on the Confluence, with an associated network of truck 
access roads, oil and gas wells and pipelines, offices, worker accommodation, aerodromes, and 
gas processing and storage facilities (refer to Figure 2-8). The truck access roads are now built 
to minimise flow disruption, by following the contours of shallow channels rather than filling 
them. However, compaction and the reduction of vegetation create preferential flow paths 
along roads. Also, large quantities of water are extracted for dust reduction, affecting the 
amount available for other purposes (Silcock 2009, Santos 2015) 

Although there are no towns on the Confluence itself, there is a high volume of traffic during 
tourist season, with vehicles using the multitude of unsealed and sealed roads and camping at 
waterholes by both tourists (days-to-weeks) and itinerant workers (weeks-to-months). 
Compaction, the spread of weeds, pollution and littering, overfishing, contamination by human 
waste, and a growing need for further road development and infrastructure can all impact on 
waterholes and flows. In particular, construction of all-weather roads above the level of the 
floodplain causes flow concentration and intensification of channels at bridges and culverts 
(Wiltshire and Schmidt 2003, Silcock 2009). 

In summary, opinion from the modern Lived Experience is that flows across the Confluence 
have been disrupted by the construction of roads and water storages, with the effects of 
blocked flows being more pronounced on the downstream (Orientos) side compared to 
upstream (Durham Downs). Also, changes to vegetation cover and continual compaction and 
erosion due to cattle and heavy vehicles are (it is claimed) causing waterholes to fill with silt 
and runoff flows to become flashier (faster and shorter). 

 

8.5 Quantification of Human Activities on Water Distribution on the Confluence 

This Section investigates if human activities are having quantifiable effects on water distribution 
patterns on the Confluence, using three examples relating to the two Research Questions 
flagged in Section 8.1: 

 Is Community knowledge of local floodplain hydrology consistent with observed 1986-
2017 flow behaviours? 
 Community knowledge about persistence of seasonal and permanent water sources 

compared to their observed persistence will be examined at Yotally Waterhole. 
 Community Knowledge of water pathways will be examined using the Tookabarnoo 

Waterhole fill direction and the Nguku-Cooper Creek/Adventure Way interaction. 
 
 Are current human impacts (especially mining infrastructure, impact of grazing, 

construction of roads) having quantifiable effects on distribution patterns? 
 Detection of landscape modification to facilitate grazing will be demonstrated using 

Yotally Waterhole. 
 Effects of infrastructure construction will be examined using the Tookabarnoo 

Waterhole fill direction 
 Effects of road construction will be examined using the Nguku-Cooper Creek/Adventure 

Way interaction.  
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8.5.1 Detection of Persistence Change – Yotally Waterhole 

Yotally Waterhole is an ephemeral feature at the southernmost extent of the Confluence, on 
Naryilco Station, nestled around a sand-dune spit, and surrounded by channel breakdown: 
 LU Gilgai, vegetated, Waterhole type Interdune 
 PIE Ephemeral 
 ESO 32, ESM 42, ETD 5 for location west (normal downstream) of breakdown 

 

 

Figure 8-7 is the Ribbon Plot for Yotally Waterhole using the McFeeter’s-based WBV (WBVM). It 
reveals an infrequent and localised greening (green, generally high NDVI) and a strong periodic 
presence of water (blue, generally zero or negative NDVI). The remainder of the time, Yotally is 
largely bare soil (brown, generally very low NDVI). 
 

        

Figure 8-6 Yotally Waterhole in flood. This photograph was taken on 16 May 2016, less than 
48 hours after a localised 100+ mm rain event. It shows the U-shaped instream dam and the 
Wilson’s channel breakdown in the gilgai area. Photograph D.Kucharska. 

Figure 8-7 WBV Ribbon 
Plot for Yotally Waterhole 
1986-2013. 

 (Nominal) KaRirra-Wilson 
River flow direction. 

New persistent water 
feature appears in 2006-7. 

Main greening location. 

Insert from Figure 8-5(b) 
River Levels at Nappa 
Merrie/Cullyamurra. 

Yotally Waterhole 

U-shaped dam 

Wilson River gilgai 
breakdown area 

Wilson River gilgai breakdown area, 
crossed by road 

Yotally WBVM = f(NDVI,McFeeter’s NDWI) 
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Figure 8-8 Yotally Waterhole can be viewed from a variety of perspectives based on different data. 
(a) Section of topographic map (with Landsat underlay) of Yotally Waterhole; the area is very flat. 
Black lines are fences, red lines are roads or tracks, and blue lines are nominal water paths. The 
hatching and stippling refer to categories of nominal wetlands. Courtesy Geoscience Australia. 
(b) GoogleEarth image downloaded 02 March 2018, but still showing pre-dam imagery from 2007; 
no more current imagery was available at that date. Arrow points to dam site. Courtesy GoogleEarth. 
(c) WOfS inundation frequency downloaded 02 March 2018; dam is almost unnoticeable, with no 
information on timing or duration of inundation. Arrow points to dam site. Courtesy Bureau of 
Meteorology. 
(d) Yotally ROI, defined along the waterhole centreline using Landsat/ENVI, and used as thal for 
Ribbon Plot in Figure 8-7. Arrow points to dam site. Courtesy Qld DNRM. 

 

Moisture or vegetation at Yotally usually but not always coincides with higher discharge data at 
Nappa Merrie/Cullyamurra. The downstream gauges measure Nguku-Cooper Creek. But as 
explained in Chapter 2, KaRirra-Wilson River is driven by different weather systems and can flow 
independently. Most independent Nguku-Cooper flows do not backflow up KaRirra-Wilson River 
to reach Yotally. In the other direction, water at Yotally may not always flow through to Nappa 
Merrie/Cullyamurra, because of the KaRirra-Wilson’s relatively small catchment and shorter 
rainfall durations, hence smaller discharge. KaRirra-Wilson River breaks down amongst the sand 
dunes at the southwestern side of the study area and may not recombine downstream 
sufficiently to overcome evaporation and other losses. 

There are green areas in the central part of the waterhole, where vegetation remains more 
persistent (highlighted by green arrow). The location is just upstream of the sand dune that the 

(a) (b) 

(d) (c) 

Water not detected 

Water detected in 1% of 
observations 

Water detected in 5% of 
observations 

Water detected in 20% of 
observations (includes 
intermittent water bodies) 

Water detected in 50% of 
observations (includes 
waterbodies that often dry 
out) 

Water detected in 50% of 
observations (permanent 
waterbodies) 

Water detected always 
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waterhole has formed around, diverting and concentrating KaRirra-Wilson River’s flow. The 
result is a region of increased moisture that retains vegetation longer. 

A horizontal blue stripe of pixels appears in 2007 (highlighted by red arrows); this means at these 
locations water remains persistent, unlike at adjacent locations where the waterhole dries out 
(brown pixels return after the blue ‘wet’). On inquiry, the appearance of this persistence line 
turned out to coincide with the 2006/7 excavation of the farm dam which the pastoralist fills for 
stock watering during dry periods (Naryilco 2014). Even so, Yotally can dry out completely. Figure 
8-9(a) is from June 2013 (winter); by the end of January 2014 (summer), the waterhole and dam 
were completely dry. 

           

           

Turn now to Figure 8-10. Looking at the mean average NDVI and Gao’s NDWI, along the line of 
the ribbon (horizontal axis is pixel location), it is visually apparent that a quantifiable change has 
occurred since 2006 at about two thirds from the downstream end. This coincides with the 
location of the in-stream dam (approximately 500m, or one third, from the upstream end, pixels 
17-18), as reflected on the Ribbon Plot. There is a consistent statistically-significant difference 
over virtually the whole thal between 1986-2006 compared to 2007-2014, in that NDVI is lower 
and NDWI higher (and both are more variable) in the later time period; this may be a reflection 
of the relative number of zero-to-low flows during 1998-2006 versus 2007-2014 (see Figure 8-5 
(b) and (c)). In addition to index difference of 0.05-0.8 along the whole thal, the 4-pixel (120 m) 
sized anomaly reaches 0.12. Both the visible increase in NDWI and corresponding decrease in 
NDVI indicate increased water persistence in that region. The bar along the bottom of each plot 
in Figure 8-10 shows in red the pixel locations for which the 1986-2006 and 2007-2014 means 
are statistically different (normal distribution confirmed, two-tail t-test with alpha 0.05). 

A rational division of the study area into geomorphologically similar Landscape Units, followed 
by a selection of potential flow paths to study, has led to the choice of Yotally Waterhole’s 
centreline as representative of that part of the KaRirra-Wilson River breakdown. A pastoralist’s 
intuition that deepening a low point along an ephemeral river would allow for better water 
retention and sometimes a natural fill, also led to the choice of Yotally Waterhole’s centreline 
for the location of a farm dam. The detection method is based on similar logic to the construction 
rationale, enhancing its success in this case.  

Figure 8-9 Yotally
Waterhole farm dam June 
2013 and January 2014. 
Photographs by R.Young 
and C.Crain. 

(a) 

(b) 
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(a) NDVI 1986-2006 (green) and 2007-2014 

(magenta). 

 
(b) Gao’s NDWI 1986-2006 (light blue) and 

2007-2014 (dark blue). 

 
(c) McFeeter’s NDWI 1986-2006 (light blue) 

and 2007-2014 (dark blue). 

Figure 8-10 Comparisons of mean 
average values of Landsat Indices along 
Yotally Waterhole thal for the time 
periods 1986-2006 (pre-dam) and 2007-
2014 (post-dam). Horizontal axis is pixel 
number along thal west-to-east 
(upstream-to-downstream per ENVI 
sequence of extraction). Total length 42 
pixels (1.3 km). Red/black bar is drawn 
red to indicate statistically significant 
difference at that location. 

Examination of a 40-year Landsat tile 
timeseries without a way of simplifying flow 
path investigations would have found it 
difficult to detect an inundation change on 
the scale of 1 pixel. For instance, the WOfS 
tool shows the satellite-derived (NDVI) 
spatial distribution of water in the area, but 
not its timing (Figure 8-8(c)). Construction 
and filling of a small farm dam of the order 
of 30mx30m (the Landsat TM/ETM+/OLI 
resolution) that only contains water 
intermittently (as has occurred at Yotally) 
would be difficult to detect using WOfS or 
similar tools. 

In summary, the Ribbon Plot gives a satellite-
derived summarised inundation history 
along a watercourse, here at a nominal 
waterhole disconnected from nominal 
stream paths, in a low-relief area of dunes 
and channel breakdown. It is difficult to 
determine the preferred drainage path from 
maps; local pastoralists’ experience says it 
may vary with each flow event as a result of 
vegetation growth or dieback, compression 
of sediments by cattle or vehicles, and 
erosion or deposition by previous 
inundations. A plot of mean average values 
along the thal is an alternative 
representation based on the same index 
values as the Ribbon Plot. It loses temporal 
information (when the change occurred), but 
gains by quantifying the amount of change.  

Both the Ribbon Plot and the plots in Figure 
8-10 successfully detect and quantify 
changes to water persistence at a dam site in 
Yotally Waterhole. The plots also confirm 
that Yotally Waterhole was wetter in 2007-
2014 than 1986-2006, in line with weather 
records and pastoralist information (Naryilco 
2014, Orientos 2014, BOM-Climate).

  

Dam location 
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Figure 8-12 Ribbon 
Plot vs River Levels 
for Tookabarnoo 
Waterhole Inlet 
and Outlet 
Channels. 

Ribbon Plot for 
1986-2013 with 
insert from Figure 
8-5(b) River Levels 
at Nappa Merrie/ 
Cullyamurra.  

Note how peak 
flows recorded 
downstream 
correlate to dates 
of (vertical) water 
and vegetation 
bands. 

8.5.2 Detection of Change Along a Channel – Tookabarnoo Fill Direction 

Discussions with pastoralists revealed a suspicion that oil and gas operations on the floodplain 
since the 1980s had significantly altered flow distribution patterns, resulting in some 
‘downstream’ properties no longer receiving their expected water inflows (NappaMerrie 2014, 
Naryilco 2014, Orientos 2014). In particular, the pastoralists claimed Tookabarnoo Waterhole 
historically had filled from the south, from flows in the KaRirra-Wilson River and east branch of 
Nguku-Cooper Creek (Figure 8-11(b) direction). More recently, they claimed, this was no longer 
occurring, and the waterhole was now only filling from the north, from backflows from the west 
branch of Nguku-Cooper Creek (Figure 8-11(a) direction). This Section will apply Ribbon Plots 
and their derivatives to investigate whether Tookabarnoo’s direction of filling has changed. 

  
Figure 8-11 Tookabarnoo Waterhole 19 June 2013, towards Nguku-Cooper Creek inlet (KaRirra-
Wilson River outlet) and towards KaRirra-Wilson River inlet. Photographs by R.Young. 

Tookabarnoo Waterhole is an intermittent waterhole on along the western side of the study 
area, at the boundary of Nappa Merrie and Orientos Stations: 
 LU Sand-clay interface, Waterhole type Linear 
 PIE Intermittent 
 ESO 32, ESM 41.75, ETD 3 for location west along western edge of floodplain. 

  

(a) (b) 
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For the Ribbon Plot in Figure 8-12 (for Figure 8-4 TOOK thal), the KaRirra-Wilson flow direction 
is bottom-to-top whilst the Nguku-Cooper backflow is top-to-bottom. Horizontal blue bands on 
the plot clearly show the main waterholes on this part of the Confluence, Tookabarnoo and 
Nockanoora. There are also fainter bands corresponding to the locations of Mumbo Tank (farm 
dam) and other water storages. The vertical blue bands that appear more frequently in the 
1980s, and then sporadically between 1996 and 2014, correspond to water filling the channel 
along which the thal runs; the effects of the Millenium Drought are again visible as the amount 
of blue (water) and green (vegetation) reduces until the very wet 2009/10 period. The vertical 
bands also correlate to peak flows recorded downstream at Nappa Merrie/Cullyamurra. 

Although according to the River Levels data, Nguku-Cooper Creek flows every year through 
Nappa Merrie and Cullyamurra, there only appear to be six contiguous vertical blue bands 
indicating a Tookabarnoo through-flow over the 27 years of the plot. Three occurred between 
1986 and 1991 (recurrence interval estimate 1.7 years) and the remaining three between 1991 
and 2013 (recurrence interval estimate 7.3 years). There are also 19 discontinuous vertical blue 
bands, which may indicate the passage of a flow pulse that was shorter than the thal; as these 
are almost always associated with green pixels, the recurrence interval estimate for moisture in 
the channel (not necessarily a continuous flow) is 1.4 years. However, it is not possible to tell 
from the sill-to-sill TOOK Ribbon Plot the direction of fill for the channel. Landsat’s fortnightly 
revisit was too coarse temporally to capture the filling process, which anecdotally only takes a 
few days once the water has reached the starting point (NappaMerrie 2014, Naryilco 2014, 
Orientos 2014). 

The next step in the investigation was to lengthen the amount of channel under examination, 
by combining TOOK with its adjacent thals, CCWS (from the Nguku-Cooper direction, western 
branch, reputed to backflow into the KaRirra-Wilson) and WILSTH (normal flow direction along 
the KaRirra-Wilson); refer to Figure 8-4. See Figure 8-13 for the extended Ribbon Plots. 

Looking at these adjacent thals, there were flows connecting Tookabarnoo upstream to the 
KaRirra-Wilson River via Yotally, up to the mid-1990s (A), but it was not possible to determine 
whether the filling came from the eastern branch of the Nguku-Cooper (via Tooley Wooley), the 
western branch (via Nockanoora) or the KaRirra-Wilson (via Yotally). The reduction in 
Tookabarnoo-Yotally connectivity after the late 1990s could have been caused by human 
interference on the floodplain, or by the Millenium Drought; is impossible to tell. Some flows 
look like they may have come to Tookabarnoo via the KaRirra-Wilson’s ‘upstream’ direction 
(1988, 1991, 1997, and 1988) but not reached Yotally, for instance, a large flow in 1998 has filled 
Tookabarnoo via Nockaboora but not penetrated to Yotally, although the latter does appear 
connected via a green vegetation response (B). Flows via Tooley Wooley also reached 
Tookabarnoo up to the mid-1990s but appear to peter out during 1996-2006 (C). By comparison, 
there does not appear to be any significant change to the CCWS pattern. Multiple flows do 
appear to have reached Tookabarnoo from the western Nguku-Cooper direction, as evidenced 
by the pattern of blue lines across the whole study period in the northern part of TOOK (D). 

The 2009/10 wet period is clearly visible with continuous vertical blue lines indicating the 
KaRirra-Wilson and Nguku-Cooper directions were both inundated (E). The subsequent 
vegetation response (large green areas) indicates the ongoing presence of moisture.  
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Figure 8-13 Correlation of CCWS, TOOK and WILSTH thals to determine whether the water 
enters the TOOK thal from the Nguku-Cooper or KaRirra-Wilson direction. Note: different 
distance scales, and bottom section is not end-to-end with the other two. Key waterholes and 
locations are shown for reference. Top insert is from Figure 8-5(b) River Levels at Nappa 
Merrie/Cullyamurra. Blue arrows are directions of flow for the segments. 
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(a) Comparison of average NDVI 1986-1999 and 2000-2014. 

  
(b) Comparison of average NDWI-Gao 1986-1999 and 2000-2014. 

 
(c) Comparison of average NDWI-McFeeter’s 1986-1999 and 2000-2014. 

Figure 8-14 Average Landsat NDVI and NDWI along TOOK Thal, Tooley Wooley Waterhole 
to junction of KaRirra-Wilson River and Nguku-Cooper Creek. Note there was a drought 
1998-2010 which affected values. Points are plotted with West at 0, East at 2000 (pixel 
index). Moving average has been calculated with a 99-pixel interval over the 1839-pixel 
length. In each, the black line is for 1986-1999, and the red line is for 2000-2014. The bar 
along the bottom shows in red the pixel locations for which the 1986-1999 and 2000-2014 
means are statistically different (normal distribution confirmed, two-tail t-test with alpha 
0.05 used).  

Tookabarnoo Nockanoora Mumbo Tank 
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Another means of investigating the thal data is to plot the average values of indices before and 
after a date, to see if there is a change. For Figure 8-14, an arbitrary division of 1986-1999 and 
2000-2014 was selected, to divide the sampled data into approximate halves. Linear moving-
average lines were drawn using an interval of 99 points over the TOOK thal extent of 1839 points 
(pixels) for the two subperiods. 

Figure 8-14(a) shows that NDVI varies less at the Cooper Creek (western) end of the TOOK thal, 
but is statistically divergent between the earlier and later periods towards the east. There are 
also deeper negative NDVI troughs (more water) at the waterhole locations in the earlier period. 
Figure 8-14(b) Gao’s NDWI is overall higher (wetter) at the Cooper Creek end and drops away to 
the east, for both periods. The peaks at the waterholes are significantly higher (more water) for 
the earlier period. However, there is no statistical difference between the earlier and later 
subperiods for the rest of the thal. Finally, Figure 8-14(c) McFeeter’s NDWI shows statistical 
difference between the subperiods including lower peaks (less water) at the waterholes in the 
later period. Whilst these three NDVI and NDWI divergences at waterholes and in the east may 
have been caused by human activities on the floodplain, they may equally be the effects of the 
Millenium Drought. 

In summary, from the available data (fortnightly Landsat) for the Tookabarnoo Waterhole sill-
to-sill thal (TOOK) it is not possible to determine whether human impacts on the landscape have 
affected the Tookabarnoo fill direction because: 
 events with timeframes shorter than the revisit interval cannot be traced; 
 roadworks and construction on the landscape began before the satellite record; and 
 drought conditions for the entire second part of the record will have affected Cooper 

and Wilson discharges and flow timings. 

Extending the thal length upstream (CCWS) and downstream (WILSTH) gives some additional 
indication of the extent and timing of potential inflows, but: 
 the extended thal lengths were still inundated in less than the Landsat revisit interval; 
 pre-satellite-record human impacts also exist along the extended thals; and  
 the effects of drought also exist along the extended thals. 

The use of rolling averages for 1986-1999 and 2000-2014 shows a reduction in water at the 
waterholes but this may have been the effect of lower discharges from lower rainfall and inflow 
due to the drought rather than changes to flow connectivity upstream. The Ribbon Plot thal 
method uses the presence or absence of surface water along a line of pixels, not actual 
inundation depth or width. As a result, it only indirectly quantifies discharge. 

It is still possible that the pastoralists’ claims of a change to the Tookabarnoo fill direction are 
valid, as much infrastructure was built on the floodplain before the start of the Landsat record. 
However, in the absence of Landsat TM/ETM+/OLI data, this method cannot be use to answer 
this question for any change that might have occurred pre-1986. 

A longer duration of Landsat record would enable a matching of decades with similar rainfall 
and inflows. Matched data may reveal fill direction changes. The currently available data only 
cover a relatively dry period followed by a drought whereas the pastoralists’ claims area based 
on experience during historical wet periods as well (per Figure 8-5).  
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8.5.3 Detection of Change Along a Transect – Adventure Way 

As the need by tourists and industry for all-weather access along the Thargomindah-Innamincka 
route grew, the Bulloo Shire Council raised and sealed the main road (now dubbed Adventure 
Way) across the floodplain during the late 1990s/early 2000s. Pastoralists suspect the new all-
weather road is changing flow distributions; the previous ability of the Nguku-Cooper Creek to 
flow across the road has been restricted at culverts and bridges, causing water to back up on the 
northern side and not penetrate as far on the southern side (DurhamDowns 2013, NappaMerrie 
2014, Orientos 2014, Woomanooka 2014, Ebsworth 2015). Figure 8-15 shows some of the 
observed impacts at the road. 

Variations of Ribbon Plots are used to investigate how flows across Adventure Way have been 
impacted by road construction. In contrast to the previous sections (which looked at thals along 
water paths), this Section looks at transects (thals across water paths). The two transects are 
directly north and south (upstream and downstream) of the east-west-oriented Adventure Way. 
The following characteristics apply: 
 LU Linear vegetated (middle third of transects) and Linear sparse (remainder portions) 
 PIE not applicable to transects 
 ESO 32;33 for channels that the transects intersect 
 ESM 32;33 for channels that the transects intersect 
 ETD 56;25; 368;6 for channels that the transects intersect 

Figure 8-4 defines the transects, and Figure 8-16 illustrates part of the transect region, at the 
Burke and Wills Bridge, before road construction, and in normal and flood conditions. A plaque 
dates the end of bridge construction, 1992, and the subsequent opening of the finished road. 

First, NDVI and WBV Ribbon Plots for transect thals AWNTH and AWSTH are compared; refer to 
Figure 8-17. It is difficult to visually detect any changes before and after 1992, due to the high 
natural variability of the transect region. A different method is required. 

Next, average (mean) values of NDVI, Gao’s NDWI and McFeeter’s NDWI are compared at each 
point along the transect thals for 1986-1991 (start of Landsat data to completion of Burke and 
Wills Bridge and Adventure Way), 1992-1997 (after opening of Adventure Way), and 1998-2014 
(covering the Millenium Drought 1998-2010). 

Figures 8-18 (a) and (b) show little change “off” the floodplain, but the region where the road 
crosses the Cooper’s channels experience statistically significant changes, as illustrated by the 
bar pairs for each index. The change around the opening of Adventure Way (upper bar) is mainly 
in the channel area, whereas the change around the drought (lower bar) is across the whole 
transect. The plots show little absolute numerical change over the study period, NDVI remaining 
between 0.2-0.4, and Gao’s and McFeeter’s NDWIs remaining between 0.2–-0.2 and -0.2–-0.4 
respectively. 

 



CHAPTER 8 – VISUALISATION OF FLOW BEHAVIOURS OF ANASTOMOSED CHANNEL SYSTEMS 
 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page 8-21 
 

 
(a) Runoff trapped in a roadside ditch instead of 

flowing across the floodplain (May 2016). 

 
(b) Culvert preventing water from flowing freely 

across (May 2016). 

 
(c) Cooper Creek Main Channel Bridge showing 

extent of channel modification and flow 
concentration (January 2014). 

 
(d) Standing water in hoof prints and tyre tracks 

(June 2013). 

 
(e) Farm track along fenceline with raised edge 

(June 2013). 

 
(f) Farm track showing raised edges left by 

grader, sufficient to block floodways (January 
2014). 

 
(g) Scour in channel that is deepening with more 

intense flows as water is directed into a limited 
number of culverts (January 2014). 

 

Figure 8-15 Impacts of roads on flows on the 
Confluence. Photographs: R.Young, C.Crain 
and D.Kucharska. 
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(a) Ivering’s photograph of a likely site for a 
bridge, taken in the late 1980s (Ivering 1996). 

 
(b) 2007 Quickbird 2 image of bridge showing 
extent of earthworks. (www.burkeandwills. 
net.au/Expedition_Map/google_earth.htm 
downloaded 20 April 2018). 

 
(c) Bridge across main channel of Cooper 
Creek, showing pylons.  (http://margruss. 
incoll.org/2017/07/innamincka-and-the-dig-
tree/ downloaded 20 April 2018). 

 
(d) Ground-level view of bridge looking west. 
(Photograph by C.Crain Jan 2014). 

 

 
(e),(f) Bridge during 2010 flood event. The bridge 
has been designed to inundate at high flows. 
(https://www.exploroz.com/places/78517/qld/ 
burke-and-wills-bridge, by: Member Warrie 
(NSW), downloaded 20 April 2018). 

 
(g) Dedication plaque giving date of opening 21 
July 1992. (https://www.exploroz.com/places/ 
78517/ qld/ burke- and-wills-bridge, by Member 
Warrie (NSW), downloaded 20 April 2018). 

 
Figure 8-16 Construction of Adventure Way 
Bridge (also known as the Burke and Wills 
Bridge) has significantly changed local 
channels, including blocking and 
concentrating flows. 

.
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Figure 8-17 Ribbon Plots for Adventure Way Transects AWNTH and AWSTH). 
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Consider Figures 8-18(a) AWNTH (upstream). For NDVI, there is an overall decrease when 
Adventure Way opened, but a subsequent increase during the drought; possibly the first was 
related to water entrapment, and the second to less water being available to be entrapped. 
There is a noticeable decrease in Gao’s NDWI after Adventure Way opened but a noticeable 
increase in McFeeter’s NDWI; recall from Chapter 7 that Gao’s is less responsive to vegetation. 
Unlike Gao’s, the McFeeter’s levels return to the earlier situation during the drought. There is 
also an obvious increase in spiking. The (green) initial spikes are likely at Cooper channels, and 
the accentuated spikes after Adventure Way opened are likely reflective of culverts at those 
channel locations. 

Now consider Figures 8-18(b) AWSTH (downstream). The same general situation appears. 
However, the spikes are much smaller and less extensive, indicating less of an increase in water. 
One McFeeter’s spike, at about AWNTH pixel 360, indicating much more water at that point 
along AWNTH, does not have a corresponding spike in AWSTH. The visual comparison of the 
Before, After and Dry periods does support the contention of a fall in water transmission across 
the transects. Significant spikes in the ratio are spaced approximately at culvert locations, 
supportive of increased flow concentrations in particular channels at culverts. 

To look beyond the absolute index values, the ratio of the difference between upstream and 
downstream index values is computed, for the periods 1986-1991 vs 1992-1997 (but not using 
1998-2014, the effects of the Millenium Drought). These results in Figure 8-19 (a), (b) and (c) 
show that after 1992 there was a drop in the amount of moisture both upstream and 
downstream (dotted post lines below solid pre lines), except at points such as the Burke and 
Wills Bridge (approximate location 100) and at regular spacings (approximate locations 120, 220, 
320, and 420-500). Whilst not conclusive, this supports the contention that flows became more 
concentrated at engineered crossings – bridges and culverts. 

Figure 8-18 and 8-19 plots took the dataset over time at each individual point along the transect 
thal and collapsed it into a single average value (ie abscissa of distance and ordinate of 
magnitude); the temporal information was lost and the whole dataset had to be divided into 
three periods to enable before/after comparisons. 

In contrast, the Before-After Ribbons Ribbon Plots in Figure 8-20 retain temporal and spatial 
information (abscissa of time and ordinate of distance), but at the expense of magnitude; the 
values had to be divided into categories by colour. In Figure 8-20, at each point along the thal, 
for date d, the mean of all index values up to d is compared with the mean of all index values 
after d; the location/date point is plotted in black for no difference, cyan if there is a (statistically) 
significant decrease, and green or blue if there is a (statistically) significant increase. 
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Figure 8-18 Mean Index Values 1986-2014 at each point along the AWNTH and AWSTH 
transects, across Nguku-Cooper Creek directly north and south of Adventure Way; 
divided into three periods: Before (1986-1991), After (1992-1997) and Dry (1998-2014). 
Bar pairs show in red the pixel locations for which the 1986-1991, 1992-1997 and 1998-
2014 means are statistically different (normal distribution confirmed, two-tail t-test with 
alpha 0.05); the top bar shows the effect after the road raising/sealing (Before vs After), 
and the bottom the effect of the drought (After vs Dry).  
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(a) NDVI, Gao and McFeeter’s 
NDWI averages during Before, 
After and Dry periods, along 
transect AWNTH directly 
upstream. Edges of floodplain 
shown. 

(b) NDVI, Gao and 
McFeeter’s NDWI averages 
during Before, After and Dry 
periods, along transect AWSTH 
directly downstream. Edges of 
floodplain shown. 
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(b) NDVI ratios of difference between 
upstream and downstream values during 
Before and After periods. 

(a) Gao NDWI ratios of difference between 
upstream and downstream values during 
Before and After periods. 

(c) McFeeter’s NDWI ratios of difference 
between upstream and downstream 
values during Before and After periods. 

Figure 8-19 Ratios of Mean Index Values 
1986-2014 at each point along the AWNTH 
and AWSTH transects, across Nguku-Cooper 
Creek directly north and south of Adventure 
Way, Before (1986-1991) and After (1992-
1997) Road Construction. 

Index ratios for each pixel location are 
calculated for Adventure Way Before/After 
periods only. If the difference between the 
mean indices is the same for Before and 
After, the ratio is 1 (scaled to 0.002 to fit on 
the same axes as the index values). 

(AWNTH − AWSTH)

(AWNTH − AWSTH)
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(a) AWNTH NDVI averages along transect directly 

upstream. 

 
(b) AWNTH Gao’s NDWI averages along transect 

directly upstream. 

 
(c) AWNTH McFeeter’s NDWI averages along 

transect directly upstream. 

 
(d) AWSTH NDVI averages along transect directly 

downstream. 

 
(e) AWSTH Gao’s NDWI averages along transect 

directly downstream. 

 
(f) AWSTH McFeeter’s NDWI averages along 

transect directly downstream. 

 
Figure 8-20 Before-After Ribbon Plots for transects across Nguku-Cooper Creek directly north and 
south of Adventure Way show change around 1992 corresponding to opening of the Burke and 
Wills Bridge. Values in these plots were calculated at each [date, position] pair for mean index 
values at that thal position from 1986 to the date, and after the date to the end of the record. If 
the “before” value was greater that the “after” value, the location was drawn in cyan; if greater, in 
green (NDVI) or blue (NDWI); if the same, in black. The test was a two-tail t-test with alpha 0.05. 
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The Before-After Ribbons show that changes occurred in NDVI, Gao’s NDWI and McFeeter’s 
NDWI around 1991-1992. Prior to 1992, the transects are fairly homogenous but after that time 
distinct horizontal striping occurs. Figure 8-20(a) AWNTH NDVI (upstream) shows an increased 
greening effect after 1991 that persists into the drought years, a possible consequence of water 
pooling upstream of the raised road. Figure 8-20(d) AWSTH NDVI (downstream) shows a 
sporadic drying after 1991 that increases across the whole transect during the drought years, a 
possible consequence of water no longer reaching downstream of the raised road. The Before-
After Ribbons for Gao’s NDWI are particularly dramatic, with a decrease both upstream Figure 
8-18(b) AWNTH and downstream Figure 8-18(e) AWSTH after 1991 except at a few locations 
(horizontal black stripes indicate no change, blue stripes indicate an increase in water). These 
locations decrease further from the late 1990s, coinciding with the Millennium Drought. Figure 
8-20(c) AWNTH McFeeter’s NDWI appears to show much more water upstream across the whole 
transect. Figure 8-20 (f) AWSTH McFeeter’s NDWI exhibits drying-out across the bulk of the 
transect with more water at a few locations, particularly the western end at the bridge location. 

In summary, this Section shows demonstrable flow concentration at the main channel and 
regularly-spaced intervals across the transects, and reduction of penetration elsewhere 
particularly downstream of the raised and sealed Adventure Way. Although the index Ribbon 
Plots (Figure 8-17) do not visibly show differences due to the inherent variability of the 
Adventure Way hydrology, the derivative plots do. Plotting the ‘before’ and ‘after’ mean index 
values for each point along the thal for those time periods shows a statistically significant 
difference when Adventure Way was built, and also for the Millennium Drought (Figure 8-18). 
Plotting the ratio of the difference between upstream and downstream ‘before’ and ‘after’ 
mean index values for each point along the thal highlights where through-flow changes have 
occurred (Figure 8-19). Before-After Ribbon Plots show the timing and locations where 
persistence has increased or decreased (Figure 8-20). 

Roads significantly alter flow connectivity with minor channels disconnecting (Figure 8-15(f)), 
larger channels sometimes backing up on the upstream side (Figure 8-15(b)), and drainage 
ditches on the sides of roads forming additional disconnected water storages that retain 
moisture even into drought periods (Figure 8-15(a)). Albeit with limited sampling, the Ribbon 
Plots and derivatives do support the pastoralists’ contention that the transformation of a track 
to raised and sealed two-lane road with bridges and culverts, across a heavily anastomosed 
floodplain, has had an effect on the water distribution patterns of Cooper Creek in this region. 
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8.6 Discussion 

8.6.1  Ribbon Plots for Research Questions on Community Knowledge and Human Impacts 

This Chapter uses three examples to address two of the four Research Questions about the 
Nguku/KaRirra-Cooper Creek/Wilson River Confluence from Chapter 3, regarding Community 
knowledge of local floodplain hydrology compared to observed 1986-2017 flow behaviours, and 
whether current human impacts are having quantifiable effects on water distribution patterns. 

Section 8.5.1 investigates Yotally Waterhole, an ephemeral water feature on Naryilco cattle 
station, used for stock watering. The pastoralist used their Community Knowledge of water 
persistence on this part of the Confluence to decide where to excavate an in-stream farm dam, 
that was subsequently topped up by tanker during dry spells. The Ribbon Plot for Yotally 
Waterhole shows that there are parts of the waterhole that retain moisture better, and that the 
pastoralist chose a suitably persistent site for the dam. The Ribbon Plot is also able to date the 
excavation to 2007; this date was revealed to the researcher after the increased persistence on 
the Ribbon Plot for that year triggered a question to the pastoralist. 

In answering the Research Question “Is Community knowledge of local floodplain hydrology 
consistent with observed 1986-2017 flow behaviours?”, the Yotally example demonstrates two 
uses of Ribbon Plots. Firstly, Ribbon Plots can reasonably continuously (weather and satellite 
revisit intervals permitting) track the presence of water over extended times, to show how often 
inundation, vegetation or desiccation occur and what proportion of time is spent in each state; 
this example confirms the pastoralists’ experience of irregular inundation and how it has 
decreased during drought. Secondly, Ribbon Plots can be used to choose sites with particular 
characteristics, such as frequent inundation or a high proportion of vegetation cover; this 
example confirms the pastoralist’s choice of dam site.  

In answering the Research Question “Are current human impacts having quantifiable effects on 
distribution patterns?”, the Yotally example demonstrates a further use. Remote-sensing-based 
Ribbon Plots can be used to detect and date sudden changes in water behaviours, such as 
increased persistence at a new dam or bore, or conversely when a water feature suddenly dries 
up, without the need for continual inspections; this example allows desktop detection of a 
landscape change and consequent attribution of cause. 

Section 8.5.2 investigates Tookabarnoo Waterhole, an intermittent water feature on the 
boundary of Orientos and Nappa Merrie cattle stations, used for stock watering. The pastoralists 
claim the waterhole used to fill more frequently from the south (KaRirra-Wilson River flows) but 
now fills less frequently and from the north (Nguku-Cooper Creek backflows). Extended Ribbon 
Plots upstream and downstream of the waterhole have been generated to see from which 
direction the (blue) water indication approached the waterhole thal. Unfortunately, it is not 
possible to watch the movement of water along these thals because the fill time appears to be 
faster than the revisit interval; thals go from all Bare to all Water between consecutive dates. 
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For the Tookabarnoo example, answering the Research Questions “Is Community knowledge of 
local floodplain hydrology consistent with observed 1986-2017 flow behaviours?” and “Are 
current human impacts having quantifiable effects on distribution patterns?” is not possible with 
the available data. The Ribbon Plot method could work if the input data are at hourly or daily 
scale rather than fortnightly or monthly, so the movement of water across the landscape occurs 
across several timesteps. Even with more frequent data, Ribbon Plots still may not conclusively 
link the changes with infrastructure construction unless a portion of the data precedes the 
activity. Lastly, any flow changes associated with drought cannot be quarantined, as a large part 
of the input data is for drought conditions; input data for non-drought conditions is needed to 
address this deficiency. This example shows that practical application of Ribbon Plots is not 
always successful. It is crucial to establish the availability of input data of suitable spatial, 
temporal and spectral (for indices to be used) resolution plus suitable duration, before deciding 
to undertake monitoring or management based on Ribbon Plots. 

Section 8.5.3 uses Ribbon Plots (and derivatives) based on transects to investigates what effect 
the raising and sealing of Adventure Way had on through-flows of Nguku-Cooper Creek into the 
Confluence. Bulloo Shire Council claims the road is no longer subject to frequent inundation and 
impassability. The pastoralists claim the road now blocks through-flows. Index-based Ribbon 
Plots do not visibly reveal differences or trends as the region was and remains mainly dry and 
highly variable. However, using mean index values along the thals (from the same dataset used 
to generate Ribbon Plots) shows there are statistically significant differences between the three 
time periods before Adventure Way was raised and sealed, after that occurred, and more 
recently, during the Millennium Drought. 

In answering the Research Questions “Is Community knowledge of local floodplain hydrology 
consistent with observed 1986-2017 flow behaviours?” and “Are current human impacts having 
quantifiable effects on distribution patterns?” this example demonstrates some of the 
difficulties of Ribbon Plots and how derivative plots can assist.  The initial investigation with 
index-based Ribbon Plots does not make visible any trends or changes. Using plots of mean index 
values and their before-after ratios along the thals for the time periods before and after the 
Adventure Way construction event does reveal statistically significant changes. Likewise, using 
Ribbon Plots based on before-after averages of indices (instead of their values) provides timing 
information as to statistically significant changes to indices occurred. In this example, the 
pastoralist contention that through-flows had been impeded, with pooling upstream and less 
penetration downstream, is shown to be valid. The example also shows that the construction of 
a raised and sealed road has had quantifiable effects on water patterns, including the creation 
or amplification of flow concentration points and changes in persistence. 

8.6.2 Discussion of Ribbon Plot Types and Uses, Features and Limitations 

Ribbon Plots summarize data at metre-to-kilometre spatial scale and decadal time scale to 
reveal magnitude, timing and location of change. The method can be applied along a 
watercourse or across a transect. Flow pattern changes along channels over time, or positional 
and duration changes along transects can indicate gradual or sudden alterations in upstream 
flow connectivity, loss, diversion or extraction.  
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The basic type of Ribbon Plot summarizes index values over time; for instance, NDVI or WBV. 
This enables tracking of inundation and vegetation responses; for example, Figures 8-7, 8-12, 8-
13 and 8-17 plot NDVI and two WBV variants (Gao’s and McFeeter’s) for channel and transect 
thals defined in Figure 8-4. (See also Appendix A7). This type of Ribbon Plot is best suited to 
examine trends over time. In particular, a persistent feature will appear as a line at that thal 
location, and its appearances and disappearances can be timed along the horizontal axis. 

Another type of Ribbon Plot summarizes positive and negative deviations from long-term and 
rolling averages. Take for example, the NDVI values along a thal: divide the data at each specified 
timepoint (date), calculate the Before and After mean values, apply a statistical test to see if the 
Before mean differs significantly from the After mean, and plot the results as a Ribbon Plot of 
difference. This can be used to investigate relationships between physical change (such as 
engineering works or climate changes) and the landscape’s response. Figure 8-20 demonstrates 
this type of Ribbon Plot. 

An alternative visualisation tool takes the same thal index data that is used to generate a Ribbon 
Plot, aggregates the index means (averages) over specified time periods for each point and plots 
the index means against the thal position along the horizontal axis; different time periods can 
be represented as different plot lines. This mean index values plot can quantify changes in the 
magnitude and variability of a parameter, but the timing of any changes is lost in the aggregation 
process. Figures 8-10, 8-14 and 8-18 illustrate this style of plot. 

A variation to the mean index values plot calculates mean index values across a physical 
threshold, for time periods before and after an event that has modified the threshold, and use 
the ratio to investigate if the event has caused a discontinuity. This variation was applied to river 
penetration across Adventure Way before and after a construction event. Figure 8-19 is a 
before/after ratio of mean index values plot. 

There are strengths and weaknesses to the Ribbon Plot method (using thals for data extracton), 
particularly related to the availability of data with suitable spatial, spectral and temporal 
resolution and duration for the characteristics of the features under study. Strengths include the 
ability to tailor and update a Ribbon Plot for a desired study objective, using the latest available 
data for areal extent, spatial resolution, timespan, temporal resolution, and input source, as well 
as uncertainty estimation. A large amount of heterogeneous information can be compressed 
into a compact format, to reveal spatial or temporal patterns for interpretation by 
environmental scientists and managers. For instance, this Chapter integrates interviews, 
weather, river flow, and Landsat data on a large complicated floodplain. 

Additional thals can be used to increase focus, for example in areas of anastomosis. Existing thals 
can also be divided into shorter segments. The ultimate limit is the representation of every 
channel segment as an individual thal. But increasing the number of ribbons makes 
interpretation more complicated. There is a tradeoff between ease of interpretation and level 
of detail. In this Chapter, the Tookabarnoo thal was extended with additional thals to capture 
flow details from further afield. Scale can also be adjusted; for example, short thals for 
waterhole persistence and long thals for channel fill directions. Figure 8-13 uses different scales. 
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Selection of thals is subjective, and the criteria for choice must be based on a relevant objective 
characteristic. For example, this study used channel width and presence of persistent 
waterholes, on the not unreasonable initial assumption that this type of channel carries more 
significant flow than other narrower or drier channels. The selection of channels is an iterative 
process, and additions, adjustments, or deletions can be made as additional information 
becomes available. Also, using multiple images of multiple flow events would further improve 
the channel selection process, or reveal if the initial assumption of stability was invalid. 

The Ribbon Plot method is amenable to band value inputs from disparate sources, as long as 
corresponding geographical locations are used in the extraction. Large pixels from sources with 
coarser resolution could be sampled more than once if they cover multiple thal points. Data 
from sets of pixels could be combined to form pseudo-pixels when finer resolution sources are 
used. The use of indices minimizes the effects of different sensors, with nominally the same 
bands (red, green, blue etc). Classification further dampens the effects of resolution and sensor 
variability but blurs the spectral resolution. The resulting ribbon segments would be of varying 
data quality and uncertainty level; these attributes could also be represented using the same 
ribbon format. The Ribbon Plots in this Chapter survived the Landsat 5/7/8 TM/ETM+/OLI 
changeovers, with their different sensor specifications, by using standardised processing and 
compatibility corrections. 

The strengths of the Ribbon Plot method are counterbalanced by several significant weaknesses. 
The required characteristics for Ribbon Plots listed in Section 8.2 restrict their usefulness in some 
applications. For instance, the prerequisite channel stability qualifies the river systems that 
Ribbon Plots can be applied to, as thals cannot be set for unstable channels. Ongoing human 
alteration of a distant part of the landscape, such as construction of an upstream weir, may 
cause unanticipated effects on a thal, such as unexpected inundation or desiccation, particularly 
if coincident with a local intervention such as increased irrigation that may lead to an incorrect 
cause being assigned to the effect. 

The limitation of Landsat 30m pixels does not allow smaller features to be examined. The 
limitation to Landsat spectral bands restricts indices that can be investigated. Other satellite and 
sensor systems may have better (SPOT) or worse (MODIS) spatial resolution or different spectral 
characteristics. Selection of sensors can be a compromise between suitable revisit intervals for 
the speed of change to be tracked and the other feature characteristics, like size, to be studied.  

The Ribbon Plot method is keyed to long timeseries, and there are few long-term datasets other 
than Landsat. It is impossible to detect changes caused by events that pre-date the data or occur 
in coverage gaps; the limitation of thirty years of fortnightly-to-monthly Landsat data precludes 
detection of changes more than 3 decades ago, and does not allow for events at day- or week-
scale to be examined. This Chapter shows how the input temporal resolution affects the types 
of events that can be assessed (namely, the Landsat revisit interval for the Tookabarnoo 
example). Fast events that take place between revisits cannot be tracked. Ribbon Plots place the 
extracted information in the correct temporal relationship, but periods with no source data 
result in gaps. Statistical methods can fill gaps using adjacent pixel values, although interpolation 
will affect the quality of final ribbons. Gap filling is not pursued further in this thesis. 
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8.7 Conclusion 

The Ribbon Plots of this Chapter provide a summary of the hydrological history and spatial 
distribution of flow and desiccation for large anastamosed floodplains. Once thals are defined 
for a particular study period, different indices can be investigated with little additional 
computation. The data that the ribbons are drawn from can be used to quantify speeds of 
inundation and desiccation, and relative timings of flow commencement and cessation, or other 
changing characteristics of multiple channels, whilst maintaining the spatial relativity of the 
selected channel segments. Although the Ribbon Plot method has been demonstrated using a 
limited range of indices on a single (large) floodplain example, the principles can be applied to 
other situations where linear regions of interest occur. 

Change determination using Ribbon Plots has been applied to the Nguku/KaRirra-Cooper 
Creek/Wilson River confluence, a wide silt/clay floodplain with multiple channel systems, sand 
dune and channel breakdown areas, highly variable rainfall and flows, and a recent history of 
significant human impact. The relationship between physical landscape units, anthropomorphic 
change, and index patterns was examined for three cases over the three-decade study period. 

Two Research Questions have now been addressed: 

 Is Community knowledge of local floodplain hydrology consistent with observed 1986-
2017 flow behaviours? 
 Yotally Waterhole – yes, pastoralist used knowledge of persistence to enhance the 
presence of water at this Confluence waterhole. 
 Tookabarnoo Waterhole – unknown, pastoralist claims of changes to fill direction as 
a result of Confluence roadworks as claimed by pastoralists unable to be detected. 
 Adventure Way – yes, Confluence flows have demonstrably altered as a result of the 
road being raised and sealed, as claimed by pastoralists. 

 Are current human impacts (especially mining infrastructure, impact of grazing, 
construction of roads) having quantifiable effects on distribution patterns? 
 Yotally Waterhole – yes, persistence was significantly increased at an instream dam. 
 Tookabarnoo Waterhole – unknown, flow patterns do not appear to have altered 
significantly but data intervals are too long compared to inundation speed, much road 
construction pre-dates data record, and ongoing drought confounds results. 
 Adventure Way – yes, construction of raised and sealed road with culverts and 
bridges has created barriers and concentrators for Nguku-Cooper Creek flows across 
Adventure Way and into the Confluence floodplain. 

The Ribbon Plot change determination method has been shown to be capable of: identifying 
timing, magnitude and location of changes, and is robust to technological change. This 
information can be used to inform long-term management of human impacts and outcomes by 
enabling better attribution of possible causes and therefore better potential mitigations. 
However, the limitations of the Ribbon Plot method (including prerequisite landscape stability, 
duration of the data record, spatial and temporal resolution, and spectral band availability), 
restrict their usefulness in some applications. 
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This Chapter used tools previously developed in this thesis (LUs, ESOs, WBV, and PIE) plus Ribbon 
Plots and derivatives to look at three specific examples of contemporary Community Knowledge 
about flow behaviours. Chapter 9 will use these tools to look at Indigenous Knowledge about 
water persistence along a KaRirra-Wilson River songline, namely, the Story of Marnpi the 
Bronzewing Pigeon. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parts of this Chapter have previously been presented at MODSIM13 (Adelaide, 1-6Dec13), 11th 
International Symposium on Ecohydraulics (Melbourne, 8-12 Feb 2016) and Infrastructure 
Engineering Postgraduates’ Conferences (2011-2017, Melbourne). Development of the Ribbon 
Plot concept was described previously in two conference papers (Kucharska, Stewardson et al. 
2013, Kucharska, Stewardson et al. 2016). See Appendix A6 for details.  
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CHAPTER 9 – THE WATER STORY OF MARNPI THE BRONZEWING PIGEON 

This Capstone Chapter presents the KaRirra mura of Marnpi, the Bronzewing 
Pigeon, and discusses how cultural, geographical, environmental and hydrological 
information is transmitted through the account of Marnpi’s activities. Indigenous 
Environmental Knowledge, historical references, and tools from Chapters 6 to 8 are 
combined to answer two Research Questions about Indigenous Knowledge and 
water behaviours on the Nguku/KaRirra-Cooper Creek/Wilson River Confluence. 

Indigenous Readers are reminded that this Chapter contains names of deceased 
persons. This is a personal interpretation of an openly-available Wangkumara 
Story, and does not knowingly use any secret/sacred knowledge. 

 

9.1 Interfacing Indigenous Environmental Knowledge with Social and Technical Hydrology 

Stories of indigenous groups often relate to practical water landscapes, including flora and fauna 
behaviour, rather than isolating hydrological information from other ecological sciences 
(Somerville, Marshall et al. 2008). One such Story, the openly available Wangkumara storyline 
of Marnpi the Bronzewing Pigeon, stretches across Wangkumara Country from Gambigambi (Mt 
Browne, far northwest NSW) to Walbinga, a ceremonial site in the Grey Ranges of Kallali 
Country, including part of the KaRirra-Wilson River catchment and channel breakdown area at 
the Nguku/KaRirra-Cooper Creek/Wilson River Confluence (Ferguson 2016). 

Scientists and engineers take measurements and observations, derive theories and equations, 
and explain and predict, effectively creating a technical story. Conceptually, data, location 
names, and equations are considered objective and repeatable, that is, they do not depend on 
context or who is discussing them. In reality, technical stories are heavily influenced by the 
discipline and background of the scientist or engineer and the desired - often political - outcome 
(for instance, pro-development or pro-conservation). For example, ecologists ((Capon and Brock 
2006), linguists (Hercus and Beckett 2009) and geomorphologists (Fagan and Nanson 2004) have 
written a diversity of stories about the Confluence, all valid yet all different, with different 
emphases. 

This Chapter demonstrates one approach to combining Indigenous Environmental Knowledge 
(IEK) with historical records and contemporary information, plus technical data and fieldwork. 
Chapters 4 to 8 have developed a methodology for accessing cultural information (Worldviews) 
and a suite of technical tools (LUs, ESO/ESM/TDM stream orderings, WBV, PIE, and Ribbon 
Plots), and applied them to answer Research Questions about the effects of human activity on 
water distribution across the highly anastomosed Confluence. Chapter 9 uses the same tools to 
investigate Marnpi’s route across the modern KaRirra-Wilson River catchment (including 
identified waterholes) to see how water behaviours and patterns may have changed over time, 
and to answer further Research Questions about Indigenous hydrological knowledge as 
encapsulated in the Story of Marnpi. The results will be my story of the Confluence, bringing 
together elements from both science (Ribbon Plots, classifications and data) and lived 
experience (observations from a range of human perspectives).  
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The objectives of this Chapter are to compare historical and quantitative observations of flow 
behaviours (over time) and patterns (over space) on a complicated landscape to IEK of the 
Traditional Owners and Custodians. The aims of this Chapter are to compare IEK about water to 
the physical landscape, and address the remaining two Research Questions from Section 3.3: 
 Is Indigenous Knowledge of local floodplain hydrology consistent with observed 1986-

2017 flow behaviours? 
 Is the current water landscape congruent with historical and modern Indigenous 

environmental knowledge of water? 
The motivation for this work is to show the applicability of IEK to current conditions, and to 
extend hydrological knowledge about a particular river system to pre-Settlement times (well 
before standardised meteorological or satellite data were available). Additionally, sharing 
ecological management with Traditional Owners and Custodians can benefit Country, by 
acknowledging traditional utilisation relationships in addition to technical water quality, 
discharge and stage, and rainfall-runoff data and agricultural and industrial utilisation 
information. 

Earlier Chapters developed tools to visualise remote sensed and other data. But visualisation 
must be accompanied by understanding, and this relies on knowledge of the environment being 
sensed. For example, for the Confluence, with its decadal-or-longer-scale weather cycles (as 
calendar seasons can be highly variable) and range of soil and vegetation responses to water 
(especially the relatively slow response of trees), information about how the landscape has 
changed during the duration of the remote sensed record is needed. 

In the absence of easy-to-access detailed environmental records and planning and development 
documents about the Confluence, the residents are the best source of this information. The 
easiest methods include interviews, diaries, and farm records. In order of increasing 
age/duration (ie most recent first), current residents, explorers and settlers, and Indigenous 
populations all hold useful knowledge, or lived experience, of the landscape in the form of 
stories. Interviewing current (non-Indigenous) residents provides stories of continuous lived 
experience of the Confluence landscape, but operate within this paradigm and is limited to the 
past 50-60 years. Historical records such as journals, early Settler accounts, and newspaper 
articles extend this back to the 1840s. Appendix A3 provides more detail. 

Long-standing Traditional Stories held by the Wangkumara focus on holistic relationships, and 
persist because they transmit important knowledge for long-term survival. They may contain 
valuable ecological, climate and hydrological information dating back far earlier than the 1840s, 
but in potentially secret-sacred (ie inaccessible), obscured, damaged or fragmentary form. 
Information covering Indigenous Storylines and practices.is obtainable from historical records, 
archaeological, archival and linguistic information, and interviews with Elders or their nominated 
representatives. Section 4.3.3 discussed the functions and characteristics of Indigenous Stories 
and explained how only surface layers of meaning may be available. This is the extent that 
Stories are used in this Chapter, specifically the information content relating to water. Appendix 
A2 and Chapter 5 provide additional background on Stories in general, and Stories about water 
in particular. 
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Sharing the strengths of multiple paradigms improves the understanding of highly inter-related 
natural systems with long-term climatic cycles and responses, such as the Confluence. For 
example, the permanent, intermittent and ephemeral watercourses (always inundated, 
sometimes inundated and rarely inundated, respectively) in the flat arid multiple-channel and 
breakdown country are difficult to analyse using classical hydrology as they do not follow the 
channelized flow archetype. The intermittent and variable connectivity of isolated waterholes is 
ecologically important, but the connecting mechanisms may be difficult to identify (Capon 2004, 
Bunn 2006). Traditional Indigenous Stories which connect landscapes through functional 
relationships rather than geographical ones, such as the Story of Marnpi,  may help identify such 
mechanisms (Hercus, Hodges et al. 2002, Woodward, Jackson et al. 2012, Hercus 2014). 

In hydrological terms, the KaRirra-Wilson River is a relatively insignificant inland river, dwarfed 
by its distributary inflow from Nguku-Cooper Creek during large floods. The KaRirra-Wilson River 
has a highly variable ungauged flow regime and extensive areas of channel breakdown and 
disconnection. Socially, it was a vital water resource for the European settlers in the late 1800s 
and remains so for modern pastoralist stations and industrial enterprises in the region. 

In Wangkumara-Punthamara and Kallali tradition, Marnpi the Bronzewing Pigeon journeyed 
from Mt Browne to the KaRirra-Wilson River and created places and water resources that still 
hold great significance today. This mura fulfils two major functions from Section 4.3.3, namely 
explanations of natural systems and a systemisation of geography along categorical lines. This 
Chapter discusses the mura at multiple levels (using the typically academic approach of 
systemizing sub-topics): placenames, pathways, bird populations, and water feature 
characteristics. Further, it applies metrics to support the linguists’ consensus that a similar 
bronzewing pigeon Story from the Flinders Ranges is a relatively recent evolution of an unrelated 
Adnyamathanha yarta. This is expressed as a return of knowledge to the Indigenous groups that 
shared them, without impinging on their rights to own and evolve their own Stories. 

The work in this Chapter required two Ethics Approvals from the University of Melbourne’s 
Engineering Human Ethics Advisory Group and Human Ethics Sub-Committee (refer to Appendix 
A1 for documentation): 
 ‘Minimum Risk’ Ethics Approval 1237311 to conduct interviews with the general 

Community (similar cultural and language backgrounds); 
 ‘Standard’ Ethics Approval 1341251 to conduct interviews with Indigenous 

representatives (compliant with requirements for Indigenous research (AIATSIS 2018). 

Apart from public-domain information held by museums and libraries, I shared extended 
conversations with Elders and representatives of the local Wangkumara and Kallali people, using 
a standard set of questions to guide the discussions. I only sought publicly-available non-secret 
non-sacred information, whilst acknowledging this may have restricted a fuller understanding 
of the Indigenous Environmental Knowledge. It should be emphasised that the Elders and 
representatives were fluent English-speakers who had completed at least some secondary 
education, and who had previously worked with linguists and other academic researchers. 
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9.2 The Stories of Marnpi the Bronzewing Pigeon 

Marnpi the Bronzewing Pigeon is considered by linguists and anthropologists to be a local mura 
of the KaRirra-Wilson River people, and was collected from multiple local sources in the 1970s. 
George Dutton’s version is given in Table 9.1. The Bronzewing Pigeon also features in other 
traditions. Linguists are convinced the second and third versions in Table 9.1 are modern 
eastward and northward expansions of an older Adnyamathanha Story, which originally ended 
at Manna Hill (Hercus 2015). Names of the Indigenous groups involved with the versions 
discussed here are listed in Table 9-2. There are other versions of the Story belonging to for 
example the Paakantji, where Marnpi travels as far east as Cobar; these are not discussed further 
here (OzArch and Vines 2016). 

Note the Adnyamathanha and Wangkumara languages do not differentiate ‘b’ and ‘p’ sounds 
(Hercus 2015). But for convenient distinction, the ‘Marnpi’ spelling will be used for the 
Wangkumara bronzewing and ‘Marnbi’ for Adnyamathanha bronzewing; there is no linguistic 
basis for this purely arbitrary convention. 

 

 
Figure 9-1 The Journeys of the Bronzewing Pigeons. Marnpi travels from Gambigambi-Mt 
Browne to Walbinga (cyan); see Figure 9-2 for more detail. Marnbi travels from Red Hill to 
Padi Padi and his spirit continues to Mt Isa (pink); see Figure 9-3 for more detail. Cooper 
Creek, Wilson River and Bulloo River in blue, roads in yellow. Map courtesy Google Earth. 
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Table 9.1 Multiple versions of the Story of  Marnpi/Marnbi the Bronzewing Pigeon continue to evolve. 

Version with source 

Version 1 from Wangkumara man George Dutton. 
Published in Beckett’s 1978 ‘George Dutton's country: portrait of an Aboriginal drove’ (Beckett 1978)). George 
Dutton (c.1886-1968) was a Wangkumara man (highly regarded as a ‘Clever Man’). He was a successful horseman 
and drover around South Australia, New South Wales and Queensland and insisted on being treated as an equal in 
pastoral society. After being caught up in the forced relocation of Aborigines from Tibooburra to Brewarrina in the 
1930s, Dutton and his family settled in Wilcannia. From the 1930s until his death, Dutton worked with aboriginal 
groups, linguists and anthropologists to preserve as much as possible of the language, ceremonies, songs and 
Stories of the Corner Country peoples (Beckett bio 1996). 

One time when the old pigeon came down – the madi they called him, but he was a man then – he 
came down all the way from the Bulloo right away down to Mt Brown. He camped there and he come 
over to Mt Pool. There was a big mob of people camped there, all mixed. Then a kid said: ‘Who is that 
skinny looking man?’ (He was talking Wonggumara.) He turned round and he said: ‘I’m only just 
travelling’. An old feller said to him, ‘Come closer, make your camp’. Anyway, he had a feed – they give 
him the tucker. ‘Good!’ he said. (He was talking Gungadidji now.) He turned in that night. He took the 
water bag down. Then he said to the water: ‘Come this way, water’. So all the water came in from the 
three water holes into the bag and the bunyip too. He started off that night. When he got to Good 
Friday: ‘I think I will camp here’. Then he went on to Tibooburra: ‘I think I’ll camp here’. Then he went 
on from there to Ngurnu. When the Mt Pool fellers got up next morning – no water. ‘Hey, get up! No 
water here. Come on, we’ll follow that bloke’. So they set to work and followed him. ‘Oh, bugger him!’ 
Anyway, away he went. He went from Ngurni to Jalbangu. He went from Jalbangu to Woodburn. Then 
he went from there to Tickalara. Then he went from there to Little Dingara. Then he went from there 
to Draja [Bransbury Station]. Then he went from there to Warali. Then he went from there to Graham’s 
Creek. Then to Paddy-paddy, then just this side of the Wipa hole. He camped in the creek and made 
his camp there. He hung his water bag up. The snake started to move: he bust the bag. Then the old 
Bronze Wing away he goes and banks the water up so the water won’t get away. Then the water 
washed the bank away. He tried to bank it up with a boom. ‘Ah, bugger it, let it go’. It all ran into Paddy-
paddy. He called it the gugu then. Then he went on to Madawara (gidgee) Creek. He went on from 
there to what they call Wipa hole. He left all his feathers at Widhu [Hook Creek]. Then he went up from 
Hook Creek to Walbinja and this is where he died. He’s standing up as a stone, but the gold is away to 
one side. 

Version 2 from Lynch Ryan, with the Mt Isa extension from Les Wilton. 
Published in ‘Flinders Ranges Dreaming’, the 1987 collation of Adnyamathanha Stories by Tunbridge and 
Adnyamathanha Knowledge Holders including Molly Wilton, Wally Coulthard, Lynch Ryan and Les Wilton 
(Tunbridge and Stoecker 1988). The collection includes two yarta (or ‘telling the land’ tales) – how Marnbi threw a 
firestick to create opal ‘over Coober Pedy way’, and this Story. 

There was once a Yura [aboriginal man] who made a net to catch a Marnbi at Varaata (Baratta). While 
he waited there for a bird to come, a big mob of them came along. He put the net over them and caught 
them. When the Yura killed the Marnbi with his wirri [meaning unknown, probably club or spear], one 
somehow got away on him. It was wounded. That Marnbi had come down from a place near 
Yadgindanha (McKinlay Springs) called Niparraakanha (Red Hill). There’s a Marnbi hiding in that hill. 
This is a big, bare hill with nothing around it. When he got away, the Marnbi flew up into the air, 
dropping his feathers and specks of blood as he went, and flew across to Waukaringa. Where the old 
mine is located, is part of the hill which is the Marnbi. He was really suffering. He sat there for a while, 
and dropped more feathers and blood in that place. From there the Marnbi flew to Teetulpa Station. 
On the east side of the homestead (on the left going south) there is a big round hill. That’s him where 
he landed, dropping ore blood and feathers. From that hill the Marnbi fles to Marldaku Vulhanha 
(Broken Hill). There was a great big black rock sitting on top of the hill right there. That was the Marnpi 
sitting there still suffering. (That rock is not there any more). After this the Marnbi went northward, 
following the Barrier Range. He stopped around Tibooburra and still dropped a few feathers and drops 
of blood. Then he went on from there to a place called Pati Pati, and here he died. From here the 
Marnbi’s warnngapi (spirit) went on to Mt Isa, which is why there is a big mine there. 
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Figure 9-2 Details of Wangkumara Marnpi (cyan/yellow markers, cyan track) Route from Gambigambi-
Mt Browne to Walbinga via a series of waterholes or other water-related features. In comparison, Marnbi 
(pink) leaps large distances in this region. Note similarly-named locations at the start of both the Marnpi 
and Marnbi tracks, circled in yellow in Figures 9-2 and 9-3. Map courtesy GoogleEarth.  

Scale 50 km 

Bald Hill 

Mt Poole (Sturt’s “Red Hill”) 

Waratta Ck 

Bulloo River (or Coorni Paroo) 
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Table 9.1 Multiple versions of the Marnpi/Marnbi Story continue to evolve (continued) 

Version 3 from the Albert Kersten Mining & Minerals Museum in Broken Hill (in Wiljali Country). 

This differently detailed version traverses Malyangaba and Wadigali locations on the way north. 

The Bronzewing Pigeon or Marnpi came from Baratta, This boy had a net there and he caught the 
Marnpi and wounded it. But it got away. It flew to Waukaringa and then to Teetupia near Yunta. From 
there the quartz outcrops all the way to Broken Hill, show the way he flew. At the Pinnacles the Marnpi 
sat down three times there. The three hills or peaks are the neck and head of the Marnpi as he sat 
down and rested. He then flew on and sat down on top of the Broken Hill, there was a big rock there 
which was the wounded Marnpi, but this has gone now. From Broken Hill the Marnpi followed the 
Barrier Ranges north through Poolamacca, Eurowie, Mt. Browne and Tibooburra and then into 
Queensland. The track of the Marnpi is marked by quartz, which was the white leaking from the 
wounded bird as he flew along. Hills shaped like the Marnpi mark the places the wounded bird had to 
stop and rest. At these places he dropped feathers which formed the gold, silver and shiny rocks 
(gneisses and schists) and blood rusty-looking rocks like at the Broken Hill (the ore). This is why the 
Marnpi’s track is now marked by gold and silver mines. 

 

 
Figure 9-3 Details of Adnyamathanha Marnbi (pink markers and track) travels this region via a series 
of geological features, with highly variable stage lengths. Map courtesy Google Earth. 

 

Table 9.2 Aboriginal groups of the Marnpi/Marnbi storylines. Sources: (McDonald and Wurm 1979, 
Hercus 2014). 

Modern name Indigenous name/s Meaning 

Wangkumara 
(Punthamara) 

Wangkumara, 
Wonggumara etc 
Boonthamara etc 

“Southern group”, sometimes suffixed with “branch (of river) 
people” – name of the language around the Wilson River. 
Shares Marnpi Story downstream of Nockatunga Waterhole. 

Kallali Kallali, Kallili, Karlali 
Language of Thargomindah to the Grey Ranges, sometimes 
mistaken for Wangkumara. Neighbouring group, shares Marnpi 
Story upstream of Nockatunga Waterhole. 

Malyangapa Malyangapa meaning unknown 

Adnyamathanha Adnyamathanha “Stone people” of the Flinders Ranges 

  

Scale 180 km 

Bald Hill near Iga Warta, SA 

Red Hill 

Baratta Bulloo (or Bulloo Bulloo) Ck 
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Table 9.3 Placenames along Marnpi/Marnbi storylines and their meanings, where known. 
Sources: (Curr 1866, McDonald and Wurm 1979, Heard 1990, Hercus 2014). 

WH indicates waterhole. Key for language origin of the placename: 
A Adnyamathanha, W Wangkumara, K Kallali, M Malyangapa. 

Story 
Location 

Modern Name Indigenous Name Background and Meaning 

 Wilson River Kayirra Wangkumara word, meaning unknown. 

MARNBI (ADNYAMATHANHA COUNTRY) starts 

Red Hill 
Red Hill, near 
Wartupa Pound 

Niparraakanha (A) 
This one is near Yadgindanha (Mt McKinlay 
Springs) about 270 km SW across the desert 
from Mt Poole. 

 Bald Hill  
Near Nepabunna and Iga Warta. Note there is 
also a Bald Hill about 12 km WSW of Mt 
Browne. 

Baratta Baratta Vaarata (A) 
Note there is also a Warratta Ck/Mine/Bore just 
near Good Friday Mine, about 30 km NE of Mt 
Browne. 

Waukaringa Waukaringa Waukaringa (A) Adnyamathanha word, meaning unknown. 

Teetulpa Teetupia/Teetulpa Teetulpa(A) Adnyamathanha word, meaning unknown. 

 
Bulloo Ck/Bulloo 
Bulloo Ck 

(??) 
Similar name to Bulloo River. 87 km Wof 
Broken Hill. 
Indigenous name, origin and meaning unknown. 

 Manna Hill (??) 
Original end of Marnbi Story (L.Hercus pers 
com). 137 km W of Broken Hill. 
Indigenous name, origin and meaning unknown. 

3 Pinnacles 3 Pinnacles (??) Indigenous name, origin and meaning unknown. 

Broken Hill Broken Hill Marldaku Vulhanha (A) 
Adnyamathanha word, meaning unknown. 
Wiljali country not Adnyamathanha. 

Poolamacca Poolamacca Poolamacca (?) 
Origin and meaning unknown. 
Wiljali/Bandjigali/Malyangapa country not 
Adnyamathanha. 

Eurowie Eurowie(Euriowie) Eurowie(Euriowie) (?) 
Origin and meaning unknown. 
Wiljali/Bandjigali/Malyangapa country not 
Adnyamathanha. 

MARNPI (WANGKUMARA COUNTRY) starts 

Mt Brown(e) Mt Brown Ranges 
Gambigambi/Gambibambandi(W) 
refers to hill near Mt Brown 

Named for Sturt’s surgeon John Harris Browne. 
“Gambigambi” from Dutton’s Two Ngatyi at 
Maleanpala Story. Wangkumara word, full 
meaning unknown; ‘kampi-kampi” being where 
a man was “blanket sewing”. 

 Depot Glen, NSW Currawilpa (?) 
Originally named Rocky Glen Depot by Sturt, 
rocky valley with permanent waterhole. 
Origin and meaning unknown. 

Mt Pool(e) or 
Red Hill 

Mt Poole, NSW Manibudadi (W) 

Named for Sturt’s surveyor James Poole who 
died 16 July 1845 at Depot Glen. Referred to as 
Red Hill in NARRATIVE OF AN EXPEDITION 
INTO CENTRAL AUSTRALIA (Sturt 1847). 
 “Manibudadi” from Dutton’s Two Ngatyi at 
Maleanpala Story. Wangkumara word, full 
meaning unknown; “mani” is “to get” in 
Malyangapa, “mini” is “by and by” [ref List #48 
page 27 in (Curr 1866)]. 
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Story 
Location 

Modern Name Indigenous Name Background and Meaning 

Good Friday Good Friday Dam, NSW (??) Indigenous name, origin and meaning unknown. 

Tibooburra Tibooburra, NSW 
Tibu-barri (W-
Punthamara) 
Yarli-bandi (M) 

“Place of stones” or alternative “Lost life”. The 
Durupa from the Cooper came requesting rain-
stones. When the locals refused (against Aboriginal 
custom), the Durupa sang a storm and a hail of 
white stones killed them all (King Miller, recorded by 
Jeremy Beckett 1958). 

Ngurna 
Ooarnu/Oornoo Bore, 
NSW 

Ngurna (W) Wangkumara word, meaning unknown. 

Jalbangu Yalpunga Tank, Qld Jalbangu (W) Ruins. Wangkumara word, meaning unknown. 

Woodburn Woodbo(u)rn(e) Station (??) 

Located on 1882 South Gregory original runs and 
1900 Qld counties maps. Just north of Tickalara 
Waterhole. Became part of Tickalara Station. It is 
possible that Woodburn and Tickalara are reversed. 
Indigenous name, origin and meaning unknown. 

Tickalara Old Tickalara Tickalara (W) 

Located on 1882 South Gregory original runs and 
1900 Qld counties maps although homestead 
marked location close to Wompah Gate and 
associated waterholes. Abandoned by 1965. 
Wangkumara word, meaning unknown. 

Little Dingara Little Dingera Ck, Qld (??) Indigenous name, origin and meaning unknown. 
Draja Bransby Station, Qld Draja (W) “Teeth”; the ground here has sharp stones. 

Warali 
Warrywarry/ WarriWarri 
Ck 

(??) 
Best guess. Indigenous name, origin and meaning 
unknown. 

Graham’s 
Creek 

Koonandra/Koonanura 
WH, 
Graham’s Creek, Qld 

(??) Indigenous name, origin and meaning unknown. 

Paddy Paddy Paddy Paddy WH, Qld Padi Padi (W) 
Also Padipadi, Patipati. Wangkumara word, 
meaning unknown. 

Wipa hole 
(Whippo/ Whip Bore/  
Wippo Ck (Yards)) (??) 

(??) 

“Wippo” is marked 10 km N of a native well, and 20 
km ESE of Padi Padi WH. “Whip Bore” is 10km W of 
Bransby. Whippo Ck is about 10km W of 
Murrawarra Ck. 
Indigenous name, origin and meaning unknown. 

gugu (??) (??) 
Location not identified; meaning unknown. May be 
adjective or noun not location. 

Madawara Murrawarra Ck, Qld Madawara (W) “Gidgee” (Acacia cambagei, or stinking wattle). 

Wipa Hole (??) (??) 
Potentially twice in Story or two places. Indigenous 
name, origin and meaning unknown. 

MARNPI (KALLALI COUNTRY) starts 

Widhu 
(Hook/Hood Ck) 
Weechu WH 

Widhu (?) 

Weechu WH appears on cad-map-misc-map-
warrego-and-gregory-south-grazing-evaluation-
nd.jpg. Origin and meaning unknown. Hook or Hood 
Ck possible alternates. (Peter Hood was a Kallali 
Elder; maybe Hood Ck is for creek in Hood family’s 
Kallali estate). 

Walbinja (??) Walbinja (?) 

According to Rusty Ferguson, Kallali spokesman, 
this is a Men’s Ceremonial Cave in the Grey 
Ranges, some 40km E of Nockaburrawarry WH. 
Origin and meaning unknown. 
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The Wangkumara tell how Marnpi the Bronzewing Pigeon journeyed through a dryland 
landscape from Gambigambi-Mt Browne (in Wangkumara Country, New South Wales) to the 
KaRirra-Wilson River and on to a cave in the Grey Ranges (in Kallali Country, Queensland), 
creating water places where he camped. It is considered a KaRirra-Wilson River mura although 
his journey starts far outside the KaRirra-Wilson’s hydrologically recognised catchment. As can 
be observed from Figure 9-2, the mura connects significant geographical signposts, with bird 
behaviour providing directional guidance, at a scale that makes sense for foot travellers, 
enabling large distances to be covered in the knowledge of reliable water and camp sites. It 
relates to an experienced water landscape rather than an idealised river channel system. 

The Adnyamathanha tell how Marnpi the Bronzewing Pigeon was injured by a hunter and fled 
through a dryland landscape from Niparraakanha-Red Hill in the Flinders Ranges 
(Adnyamathanha Country in South Australia), via Marldaku Vulhanha-Broken Hill (New South 
Wales), to die at Padi Padi Waterhole (Wangkumara Country, Queensland). Where he rested on 
his journey, he dropped blood and feathers, which created mineral deposits; his spirit went on 
from Padi Padi to Mt Isa, still creating mineral deposits. 

Taken at face value, the Marnpi/Marnbi Stories appear to be ‘map’ and ‘origin’ Stories. The 
narrative of Marnpi’s travels forms a route map of the Country being crossed and provides other 
cultural clues of life for the Wangkumara and their neighbours; even the descriptor ‘mura’ 
means ‘travelling story’. The narrative of Marnbi’s travels lists geographic features; the 
descriptor ‘yarta’ means ‘telling of the land’ (Tunbridge and Stoecker 1988, Hercus 2014). 
Figures 9-1, 9-2 and 9-3 compare routes for the Marnpi mura and Adnyamathanha Marnbi yarta. 

Coincidences of placenames in the two Stories are listed in Table 9.3 and noted in Figures 9-2 
and 9-3. Based on other Adnyamathanha and Wangkumara Stories, there was a longstanding 
awareness of each other’s Country. Long-distance knowledge was not unusual, and included 
trade and ceremonial links between widely-separated groups (McBryde 2004). The Tunbridge 
collation includes the Story of the Iga Tree (Capparis mitchellii, native orange) which visits 
locations on Nguku-Cooper Creek and Strzelecki Creek, and waterholes on the Nguku/KaRirra-
Cooper Creek/Wilson River Confluence (Nockatunga, Padi Padi) (Tunbridge and Stoecker 1988). 

 

9.3 Observable Layers of Meaning in Marnpi’s Story 

As discussed in Chapter 4, the Indigenous knowledge transferral system is designed to 
progressively reveal deeper layers of meaning as a person matures from child to Elder. 
Researchers have been told there may be in the order of 30 levels, with only the first handful 
non-secret/sacred or freely shareable (Fuller, Norris et al. 2014). 

Recall also the functions of Stories from Section 4.3.3. This case study focuses on the last two of 
these functions – explanations of natural systems and a systemisation of geography along 
categorical lines. This Section examines the Marnpi/Marnbi Stories together with the landscape, 
flora and fauna they refer to, to identify several layers: placenames, pathways, customs, birds, 
geology, and waterholes.  
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Figure 9-4 Distances between places named in 
the Marnpi/Marnbi Stories.  

The Marnpi mura (blue) has much more closely 
spaced locations; the extended Marnbi yarta 
(pink) is not only separated from the Marnpi 
locations, but also has long gaps within itself. 
Distances in red in km. 
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I acknowledge that I may not have a full understanding of the Marnpi or Marnbi Stories, 
because there may be levels that were not shared for right person/right time/right place 
reasons, or that are inaccessible to the public, or because deeper levels to the Stories 
have been lost in the disruption of the Indigenous groups to whom they belong. 

 

9.3.1 Placenames with feature origins, records of events, and geographic categorisation 

Australia has superimposed system of official placenames overlying extensive but now 
fragmented system of Indigenous names (in situ, mis-recorded or transplanted). Wills of the 
1860s ‘Burke and Wills’ Victorian Exploration Expedition, tasked with recording their route, 
often chose local nomenclature ((Phoenix 2015) p164) so the Nguku/KaRirra-Cooper 
Creek/Wilson River area has large number of in-situ Indigenous names. In Dutton’s version, 
Marnpi traverses this landscape and events occur at the key sites, but some of Dutton’s names 
have disappeared through disuse (Hook Creek) or pastoral consolidation (Woodburn). The 
Marnbi versions use modern names for its locations. Refer to Tables 9.1 and 9.4. 

9.3.2 Pathways covering route description, feature enumeration, feature positioning 

The Marnpi mura connects landmarks and water resources at a scale that makes sense for 
travellers on foot, enabling large distances to be covered in the knowledge of reliable camp sites. 
See Figure 9-4. There is no explicit route between the locations visible on GoogleEarth today; 
the traditional trading and ceremonial routes may have become modern roads and fence-line 
tracks, or the path may have followed ridges and valleys, or the path may have been directly ‘as 
the crow flies’. Notably, old geological maps show stock routes which follow the storyline 
(particularly SH5403 1:250k Tickalara 1971 SG5415 1:250k Durham Downs 1969). 

 

 
Figure 9-5 Marnbi’s wing markings reflected in the Druid Ranges, near Baratta. The Marnbi yarta tells of 
the creation of mineral and rock outcrops. Photograph D.Kucharska. 
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The Marnbi yarta covers much longer stages, listing similar geological formations and mineral 
outcrops See Figure 9-4. The path was presumably ‘as the crow flies’ as Marnpi flew between 
sites. The yarta provides a conceptual map of where the formations and outcrops are located. 
Interestingly, Marnpi’s final stop is at a cave (not water feature) in the Grey Ranges, by which 
stage (in an echo of Marnbi) he has left his feathers behind; there is mention of gold “away to 
one side”. Figure 9-5 shows Marnbi’s wing markings reflected in the hills near Baratta. 

9.3.3 Customs, particularly behaviour regarding visitors, consequences of transgression 

The Marnpi mura describes correct greeting and welcoming procedures when extending 
hospitality to guests. Aboriginal custom permits travellers to pass through Country, as long as 
they report to the controlling Elders for permission. The mura teaches polite behaviour for both 
travellers and hosts (see (Gammage 2011) p140-1). It also warns of wariness towards strangers 
- Marnpi turns out to be a thief. The mura advises not expending precious energy on futile 
endeavours (the “Mt Pool fellers” eventually decide to cease chasing the thieving Marnpi). 
Subsequent events show how Country punished Marnpi when he could not retain the water he 
stole, dying alone in the dry Grey Ranges. There is also a warning that waterholes can contain 
dangerous, possibly protector, animals (the bunyip or snake) who will punish transgressors. 

The Marnbi yarta does not appear to contain this sort of cultural lesson, as Marnbi does not 
interact with humans or other animals after his escape from the hunter’s net. 

9.3.4 Customs, particularly visitor behaviour regarding language, delineation of territory 

The Marnpi mura contains specific information about which language was being used, when, 
and where. In the Aboriginal worldview, the land is sentient and language springs from Country 
– speakers are obliged to use the language of the Country they are on. 

People are named for language of their traditional area, and as they move around that link 
remains, but the language they use changes to reflect their new location. (A similar example is 
migrants to Australia who retain their cultural identity and knowledge of other languages, but 
use English day-to-day). A relationship has been recognised between the Indigenous language 
areas of Horton’s language map and water catchments (StateLibraryQueensland 2018). The 
Wangkumara-Punthamara and Kallili both belong to the ‘Lake Eyre Basin’ family of languages 
and cultures. 

There may also be multiple languages for the same geographical area. Their use may be 
governed by the relationship between the interlocutors. Different parts of community or 
persons of a particular status (initiated males, widows, children, etc) may have their own 
circumscribed language. Multilingualism is the norm amongst Indigenous Australian 
communities for these reasons (Walsh and Yallop 1993). By indicating what languages Marnpi 
spoke, the mura is teaching about territory and the relationships of the groups that reside there. 

The Marnbi yarta does not appear to contain this sort of cultural lesson, as Marnbi does not 
speak after his escape from the hunter’s net. 

  



CHAPTER 9 – THE WATER STORY OF MARNPI THE BRONZEWING PIGEON 
 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page 9-14 
 

9.3.5 Waterholes, as a record of events that may have actually occurred in the past 

Marnpi’s hanging and breaking of his waterbag, and the failure of the boom he constructs at 
‘Paddy-paddy’ may describe the construction/failure of water storages at that location at some 
time in the past. Snakes will move out of the way of rising waters. There is archaeological and 
recorded evidence in far west NSW/Queensland of dams, water gates, bank works, fishways, 
and hydraulic controls (Rowlands 1969, Hercus 1971-1972, Richards 2011, Rowland and Ulm 
2011). 

 

Figure 9-6 Padi Padi Waterhole and floodouts. The Marnpi mura tells of a broken water bag and 
a failed attempt to build a boom here. Courtesy Google Earth. 

9.3.6 Birds as a systemisation of natural events including tracking of water and minerals 

Both Stories refer to the ‘bronzewing pigeon’. But there are five species of bronzewing with 
different ranges and habits (Flegg 2002), and Marnpi and Marnbi seem to correspond to two 
different species. The behaviour of the ground-dwelling flock bronzewing phaps histrionica is 
reflected in Marnpi’s behaviour: flock bronzewings will land and walk up to waterhole, and 
depart when water runs out. Their numbers have been severely reduced since European 
settlement and grazing. The KaRirra-Wilson River area is regionally the southernmost extent of 
species range (Flegg 2002). See Figure 9-7. In contrast, the iridescent feathers and white 
markings of common bronzewings phaps chalcoptera, common across the Marnbi areas, are 
associated with minerals and quartz outcrops which they resemble (Flegg 2002). See Figure 9-8. 

 

9.4 Quantifying Water Knowledge in Marnpi’s Story 

9.4.1 Water Locations contained within the Marnpi Story 

Figure 9-9 shows the northern portion of the Marnpi Story where he travels between Warri 
Warri Creek and Walbinga, skirting the southern side of the KaRirra-Wilson River breakdown at 
the Confluence. Marnbi also travels through this area, but with less details. Sturt, A.C.Gregory, 
Burke and Wills, Howitt, Jung, and Hume all struggled to navigate the breakdown, and often 
took advice from the “natives” to find water. (See Appendices A2 and A3 for the differences in 
lived experiences). The map marks eight Marnpi locations that will be investigated along with 
some basic information about the streams in the area.  

Scale 10 km 

Floodouts 
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(a)  

 

 

 

Figure 9-7 Flock (or harlequin) bronzewing Phaps histrionica, now only occasionally observed 
in the arid Nguku/KaRirra-Cooper/Wilson area, and strongly associated with the appearance 
(and disappearance) of water. Male and female at Mirra Mitta Bore, near Lake Howitt, South 
Australia and distribution – Wangkumara Marnpi area outlined in red. Courtesy 
http://chrissteelesbirding.blogspot.com.au (Chris Steele), Gaiaguide/Atlas of Living Australia. 

 

 

(a)  

 

 

 

Figure 9-8 Common bronzewing Phaps chalcoptera, showing the distinctive white markings and 
iridescent plumage. Female and male in ‘the right light’ in Bangalee, NSW, and distribution - 
Adnyamathana Marnbi area outlined in red, extended Marnbi area dashed. Note how the 
extension to Mt Isa follows a slight ‘spine’ of increased population density. Courtesy 
http://www.feathersandphotos.com.au (Duade Paton), Gaiaguide/Atlas of Living Australia.  
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Figure 9-9 Marnpi’s journey, key locations, Landscape Units and ESO/ESM classifications. 

Yellow line (thal) is Marnpi’s journey, yellow hexagons are analysed waterholes. Blue lines are Wilson 
River tributary streams. For ESO/ESM and Landscape Unit definitions, see Chapter 6. (Note that this 
area is alongside the Nguku/KaRirra-Cooper Creek/Wilson River Confluence). 

Small map is extract from Figure 9-2; yellow rectangle shows analysed area. 

Underlying Landsat 5 image l5tmre_p096r079_19860824_dbgm4z.img courtesy DNRM. 
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Wilson River 
ESO=1, ESM=1 

LU=Sandy Constrained Wilson River 
ESO=?, ESM=? 

LU=Channel Breakdown 

Wippo Ck 
ESO=1, ESM=1 

LU=Sandy Constrained 

Graham Ck 
ESO=1, ESM=1 

LU=Sandy Constrained 

Warri    
Warri Ck 
ESO=1, 
ESM=1 

LU=Sandy 
Constrained 

Scale 10 km 
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9.4.2 Characteristics of Locations along Marnpi/Marnbi Story Routes 

The Wangkumara mura of Marnpi, and the Adnyamathanha yarta of Marnbi have many 
similarities. The Stories both refer to bronzewing pigeons. However, Marnpi and Marnbi seem 
to correspond with two different species, including their differing ranges (Figures 9-7 and 9-8). 

There are coincidences of placenames along the flight paths of the birds. Red Hill is near Mt 
McKinlay in the Flinders Ranges (Heard 1990); Mt Poole has also been called Red Hill (Sturt 
1847). Bulloo Creek near Olary along the Marnbi route, could be misidentified as the Bulloo (ie 
Bulloo River), near the Marnpi route. There is a Bald Hill in Adnyamathanha Country (Heard 
1990), and another Bald Hill near Mt Browne. Baratta, the start of Marnbi’s journey , has a similar 
name to Warratta Creek near Mt Browne (GeoscienceAustralia 2019, GoogleEarth 2020). 

There are also differences between the two Stories, relating to locations, distances, and subject 
matter. All Marnbi locations can be found on modern maps indicating possible recent update to 
the story. Many Marnpi locations have fallen into disuse since the early 1900s (see (FitzSimons 
2016, GeoscienceAustralia 2019) and maps in Appendix A3). Typical distances between Marnpi 
locations are quite short, and most are easily travelled in a day. Marnbi locations sometimes 
leap hundreds of kilometres across difficult terrain (see Figures 9-1 and 9-4). 

Marnbi gives list of locations with distinctive geology (quartz, opal, and gold). Marnpi locations 
focus on water features. A quartz outcrop near Mt Poole links with white feathers that the 
Marnbi dropped on his journey, and gold has been found in Wangkumara Country (though the 
Wangkumara link the white quartz with The White Lady and other Stories) (Mathews 1994). 
Table 9-5 highlights the Marnpi Story’s much stronger relationship with water, compared to the 
Marnbi Story’s much stronger relationship to outcrops. 

Marnbi does not interact with humans once he has escaped from net, and dies painfully and 
alone with no apparent moral lesson. Marnpi communicates with and runs from people, uses 
human technologies (waterbag) and dies after spilling water, teaching that greed is not good. 

Table 9.5 Categorisation of locations in the Marnpi/Marnbi Stories. (Cyan water, pink hills/outcrops). 

MARNPI  MARNBI 
Mt Browne (Landmark and outcrop)  Red Hill / Niparraakanha (Outcrop) 

Mt Pool(e) (Sturt’s Red Hill) (Waterholes)  Baratta / Vaarata (Outcrop) 
Good Friday (Tank)  Waukaringa (Outcrop) 

Tibooburra (Landmark and outcrops)  Teetulpa (Outcrop) 
Ngurna / Ooarnu (Bore)  3 Pinnacles(Outcrops) 

Jalbangu (Waterhole)  Broken Hill / Marldaku Vulhanha (Outcrop) 
Woodburn Station (water)  Poolamacca (Gorge/waterhole) 

Tickalara (waterhole)  Eurowie (Gorge/waterhole) 
Little Dingara Creek (water)  Mt Browne (Outcrop) 

Draja / Bransby Station (water)  Mt Pool(e) (Sturt’s Red Hill) 
Warali (?Warri Warri Creek) (water)   

Graham’s Creek (water)  Tibooburra (Outcrops) 
Paddy Paddy (Waterhole)   

?Paddy Paddy gugu  Pati Pati (Waterhole at outcrop) 
Madawara Creek (water)   

?Wipa Hole (water – possibly native well)  Mt Isa (Outcrop) 
?Widhu (Hook/Hood Ck) Weechyu (Waterhole)   

?Walbinja (Men’s Ceremonial cave)   
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9.4.3 Water Presence and Persistence along Marnpi Story Route 

Table 9.6 adds distance details to the location information from Figure 9-9. Table 9.7 summarises 
the characteristics of the eight waterholes along the northern section of the path that Marnpi 
travelled and camped. It lists each waterhole’s sinuosity, the landscape unit type that it sits in, 
the shape of the waterhole, and its position in terms of extended stream ordering in relation to 
the KaRirra-Wilson River; its PIE classification will be discussed shortly. Where the Marnpi mura 
only named a creek or other landmark, the presumption was made that camps would be best 
struck at sources of water and a suitably located waterhole was chosen. 

 Tenaperra Waterhole (TH-1) on Warri Warri Creek is a linear waterhole, of low sinuosity. 
 Koonandra Waterhole (TH-2) on Graham Creek is a gently sinuous waterhole which is 

often mentioned in Settler accounts. 
 Padi Padi Waterhole (TH-3) lies at the base of a rock outcrop, and collects water from a 

series of tributaries; the downstream end floods out. 
 The unnamed waterhole along Wippo/Whippo Creek (TH-4) is a sinuous waterhole 

located in a sandy anastomosed area. 
 The unnamed waterhole along Murrawarra Creeks (TH-5) is much smaller, and linear, 

although lying in a similar landscape. 
 Quilberry Tank (TH-6), along Wippo Creek, and Ella Bore (TH-7), between Wippo and 

Murrawarra Creeks, are recent constructions in approximately the locations mentioned. 
In pre-European days, the Wangkumara would excavate and maintain “native wells” in 
locations such as these, and some are still marked on old maps as such (for instance, see 
Figure 9-14). It is possible Marnpi used such wells. 

 Widhu (or Weechu) Waterhole (TH-8) lies along Tippera Creek, and is fairly sinuous. 

All the waterholes lie on creeks that are direct tributaries of the KaRirra-Wilson River off the 
Grey Ranges, hence stream ordering of the waterhole locations is the same (ESO=1 and ESM=1).  

 

Table 9.6 Marnpi’s journey, key distances along thal (putative route). 

Location Distance from previous Total distance 
TH-1 Tenappera WH, Warri Warri Ck 14 km from start 14 km 

TH-2 Koonandra WH, Graham Ck 28 km 42 km 

TH-3 Padi Padi WH, Wippo Ck-Wilson R 19 km 61 km 

TH-4 Unnamed WH, Wippo(Whippo) Ck 18 km 79 km 

TH-5 Unnamed WH, Murrawarra Ck 11 km 90 km 

TH-6 Quilberry Tank, Along Wippo Ck 10 km 100 km 

TH-7 Ella Bore, between Wippo and Murrawarra Cks 12 km 112 km 

TH-8 Weechu/Widhu WH, Tippera Ck 30 km 142 km 
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Table 9.7 Sampled Marnpi Waterhole Locations and characterisations– PIE, sinuosity, LU, WH 
Type, and ESO/ESM/ETD. The cyan lines indicate the thal used for analysis. Note the similarities 
between the waterholes. (ETD not used for this Chapter as Marnpi is a cross-flowpath trajectory 
not a downstream drainage network). Images courtesy Google Earth. 

Location (Fig 9-9) 
PIE (Fig 9-10) 

RGB and LROI 
(scale shown) Sinuosity 

LU 
(Fig 9-9) 

WH Type 
(Fig 9-9) 

ESO 
(Fig 9-9) 

ESM 
(Fig 9-9) 

ETD 

Tenappera WH 
Warri Warri Ck 

 
Intermittent 

 

1.01 

Sandy 
anastomosed 
constrained 

Linear 1 
(tributary) 

1 
(tributary) n/a 

Koonandra WH 
Graham Ck 

 
Intermittent 

 

1.14 

Sandy 
anastomosed 
constrained 

Interdune 1 
(tributary) 

1 
(tributary) 

n/a 

Padi Padi WH 
Wippo Ck-Wilson R 

 
Intermittent 

 

1.11 
Sandy 

anastomosed 
constrained 

Interdune 1 
(tributary) 

1 
(tributary) 

n/a 

Unnamed WH 
Wippo(Whippo) Ck 

 
Intermittent 

 

1.22 
Sandy 

anastomosed 
constrained 

Meander 1 
(tributary) 

1 
(tributary) 

n/a 

Unnamed WH 
Murrawarra Ck 

 
Intermittent 

 

1.00 
Sandy 

anastomosed 
constrained 

Linear 
1 

(tributary) 
1 

(tributary) 
n/a 

Quilberry Tank 
Along Wippo Ck 

 
Constructed 

 

n/a 
Sandy 

anastomosed 
constrained 

Constructed 
pool 

1 
(along 

tributary) 

1 
(along 

tributary) 
n/a 

Ella Bore 
Between Wippo and 

Murrawarra Cks 
 

Constructed 
 

n/a 
Channel 

breakdown 
Constructed 

pool 

n/a 
(between 

tributaries) 

n/a 
(between 

tributaries) 
n/a 

Weechu/Widhu WH 
Tippera Ck 

 
Intermittent 

 

1.44 
Sandy 

anastomosed 
constrained 

Meander 
1 

(tributary) 
1 

(tributary) 
n/a 

  

500m 

500m 

500m 

500m 

500m 

500m 

500m 

500m 
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To generate the PIE and Ribbon Plots at the eight sampled waterholes, the water-bare-vegetated 
(WBV) and permanent-intermittent-ephemeral (PIE) methods of Chapter 7 and the Ribbon Plot 
techniques of Chapter 8 are used. The centreline thal, sill-to-sill, of each waterhole/bore is 
established using ENVI-IDL with DNRM pre-processed Landsat images. (Indicative thals are 
sketched in Table 9.7 using GoogleEarth for ease of drawing only). 

Figure 9-10 presents PDF curves for NDVI, Gao’s and McFeeter’s NDWI, and Grain Size Index 
(GSI), used for PIE classification. All are in similar landscape units of sandy anastomosed 
constrained, corroborated as they all exhibit the same GSI. All the natural waterholes exhibit 
Intermittent PDF characteristics (double peaks on NDVI and NDWI PDF curves). The constructed 
locations (bores) exhibit as Permanent (almost-single peaks). The double-peak intermittency 
detected using PIE is most likely related to large sections of the sill-to-sill thal often being dry, 
but at least part of each thal is almost always inundated (see Ribbon Plots). For the Marnpi 
waterholes, there is a skew towards permanence, that is, more inundated than not. 

Ribbon Plots are drawn for each location using WBVs derived from both Gao’s and McFeeter’s 
NDWIs (Figures 9-11 and 9-12). At least at highly localised scale, each location exhibits persistent 
water across all seasons since 1986. Quilberry Tank has one large and two small pools which 
cause multiple blue bands in Figures 9-11(f) and 9-12(f). Ella Bore has a main pool and overflow, 
and Figures 9-11(g) and 9-12(g) show one main band that often extends to the end of the thal. 
The waterholes show fairly solid blue bands, normally towards the centre of the thal, which is 
reflective of the way waterholes dry out from either end in this region, as seen in fieldwork. 

NDVI and WBV values for Marnpi’s route along the eight locations are drawn as single Ribbon 
Plots in Figure 9-13, with WBVs derived from both Gao’s and McFeeter’s NDWIs. The NDVI 
Ribbon is dark, indicating a low vegetation response for much of the route much of the time. 
The WBV Ribbons both show a landscape dominated by bare ground. There are occasional 
vertical blue lines, indicating inundation (flood) at that date, or vertical green lines, indicating 
vegetation response. The response after the 2009-2010 flood year is particularly distinct. Note 
the horizontal trace lines, corresponding to waterhole and bore locations as noted. 

Figure 9-13 Ribbon Plots show firstly that the area that Marnpi traversed has been dry and little-
vegetated for the duration of the satellite record. Secondly, they do show some locations as 
frequently inundated, or at least moist enough to support vegetation. They explain the 
significance of information that tells a traveller of water source locations, as reflected in the 
puzzled comment about Hume’s death from thirst, that “the road from the Wilson to Cooper’s 
Creek is frequently travelled and abundantly watered.”(RockhamptonBulletin 29/12/1874). 
Abundantly watered If one knows where to look. 

The Ribbon Plots in Figures 9-11 and 9-12 represent approximately 200 m to 2 km distances 
focussed on the Marnpi waterholes, whilst those in Figure 9-13 represent the whole 142 km 
journey segment. The effect of the scale difference is that the pixel-level details in the former 
are not visible in the latter, resulting in what appear to be discontinuous blue lines at waterholes. 

The Ribbon Plots indicate that the Confluence has persistent water at the locations where 
Marnpi camps, enabling travel across an otherwise unwatered landscape, and they also 
correlate with qualitative contemporary information about the Confluence response to water.  
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(a)  (b)  

(c)  (d)  
Figure 9-10 NDVI vs NDWI vs GSI PDF Persistence Classifications of Marnpi Waterholes. (a) NDVI, (b) McFeeter’s NDWI (c) Gao’s NDWI, and (d) GSI. There is a 
distinct difference between the natural waterholes (Warri Warri, Koonandra, Padi Padi, Whippo, Murrawarra and Weechu) and artificial bores (Quilberry and Ella 
Bores) for NDVI and the NDWIs, although the GSIs are almost identical for all sampled locations.  
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Figure 9-11 WBV(Gao’s) Ribbon Plots for Selected Marnpi Waterholes. Same scale except for the two bore locations; sill-to-sill length is included. 
(a) Warri Warri Ck (Tenappera WH) (64 pixels) - Intermittent 
(b) Graham Ck (Koonandra WH) (31 pixels) - Intermittent 
(c) Wippo Ck (Padi Padi WH – most inundated portion only) (63 pixels) – Intermittent 
(d) Whippo Ck (unnamed WH) (102 pixels) - Intermittent 
(e) Murrawarra Ck (unnamed WH) (35 pixels) - Intermittent 
(f) Quilberry Bore (13 pixels) WBV - Constructed 
(g) Ella Bore (4 pixels) WBV – Constructed 
(h) Weechu WH (83 pixels) - Intermittent 

Water 

Bare 

Vegetated 

 

NOCK 

         (e)                                                                      (f)                                                                       (g)                                                                   (h) 

         (a)                                                                      (b)                                                                       (c)                                                                   (d) 
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Figure 9-12 WBV(McFeeter’s) Ribbon Plots for Selected Marnpi Waterholes. Same scale except for the two bore locations; sill-to-sill length is included. 
(a) Warri Warri Ck (Tenappera WH) (64 pixels) - Intermittent 
(b) Graham Ck (Koonandra WH) (31 pixels) - Intermittent 
(c) Wippo Ck (Padi Padi WH – most inundated portion only) (63 pixels) – Intermittent 
(d) Whippo Ck (unnamed WH) (102 pixels) - Intermittent 
(e) Murrawarra Ck (unnamed WH) (35 pixels) - Intermittent 
(f) Quilberry Bore (13 pixels) WBV - Constructed 
(g) Ella Bore (4 pixels) WBV – Constructed 
(h) Weechu WH (83 pixels) - Intermittent 

Water 

Bare 

Vegetated 

 

         (e)                                                                      (f)                                                                       (g)                                                                   (h) 

         (a)                                                                      (b)                                                                       (c)                                                                   (d) 
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(a)  
 

(b)  
 

(c)  
 

Figure 9-13 Ribbon Plots for Marnpi’s journey, including key locations. 
(a) NDVI, (b) WBV using Gao’s NDWI, (c) WBV using McFeeter’s NDWI.  
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9.5 Discussion 

9.5.1  How does the landscape reflect the Stories -One Bronzewing or Two? 

The Marnpi mura was provided by the Wangkumara as an important water Story that could be 
freely shared, preserved and protected. The Marnbi yarta of the Adnyamathanha is also 
considered important, freely shareable, and worthy of preservation and protection. But as noted 
earlier, there is disagreement whether these Stories are merely variants following the same 
Creation Being, with linguists and anthropologists on the negative side, and some Indigenous 
people on the affirmative. This needs to be resolved before launching any investigation of the 
water Story. Rather than using linguistic and anthropological methods and tools to determine 
the relationship (if any) between the Stories, this Chapter applies a series of land mapping, 
science-, and engineering- based criteria to examine what the Stories are actually discussing. 

Etherington (quoted in (Knapman 2011)) maintains that maps produced by colonisers (whether 
topographical or intended to illustrate Indigenous languages and territory) “erase, wrote over 
and displaced Indigenous conceptions of space and power. Although they are an attempt to 
reflect tribal locations, in using traditions of Western cartography they do not necessarily reflect 
Aboriginal views of space, territory and the correct nature of the boundaries between them” (pg 
29). The Indigenous system allow for mobility of people with immutability of language and 
Country, and Stories such as Marnpi the Bronzewing Pigeon, with a close relationship to specific 
geography, reinforce this. By comparison, ‘Westerners’ move around and take their place names 
and languages with them (Hercus, Hodges et al. 2002). 

Most of the placenames listed in the two Stories have been located and their coordinates noted 
(the maps in this thesis do not specify exact locations for cultural sensitivity reasons). 
Unfortunately, the meanings and even the locations of some of the placenames have been lost. 
There are significant uncertainties for features bearing Aboriginal names, even on early 
European and explorer maps around the time of first contact (See Table 9-3 and Appendices A2 
and A3). Some names have moved around, some locations have been renamed differently. 

Were the placenames obtained from Traditional Owners and Custodians in the correct language 
for the region or are they from other Aboriginals using non-local names? Were the mapmakers 
given descriptive names rather than the actual names which may not have been shareable with 
strangers? (For instance, a secret-sacred-name place being referred to as ‘lignum creek’ if there 
was profuse Muehlenbeckia florulenta growing there). Did the spelling reflect the actual 
pronunciation? Many Aboriginal languages use sounds that do not occur in English or other 
European languages, and they are difficult to distinguish by the unaccustomed ear. Finally, some 
names have fallen out of use and only appear in old maps (for instance, Woodburn). All these 
factors add immense difficulty to comparing the Marnbi and Marnpi Stories. 

The Stories both involve travel. In his mura, Marnpi travelled and camped in stages that reflect 
a daily walking range of humans (30-50 km). Marnbi on the other hand appears to have flown 
hundreds of kilometres between rest stops. Figure 9-4 summarises this observation. Marnbi’s 
yarta does not read as a set of travelling instructions but as a list of places with a common 
geological theme, so the distances between points are immaterial. Different classes of thing 
(route map versus geological category) are being taught. 
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Birds can fly vast distances and the common bronzewing’s range extends along the entire 
Marnbi journey, overlapping with the Marnpi, as shown in Figure 9-8. But in all the literature 
located on the two Stories, there has been no discussion of the exact species of bronzewing that 
they refer to; it appears to have been assumed to be the same bird in both (Kamien 1971, 
Beckett 1978, Tunbridge and Stoecker 1988, Hercus and Beckett 2009, Hercus 2014). 

Yet this Chapter found one species – the common bronzewing, more frequently observed in the 
Flinders Ranges – physically reflects the geological information imparted by Marnbi’s travels, as 
its wings flash the white, gold and iridescent colours of the minerals. See Figures 9-5 and 9-8. A 
very different species, the flock bronzewing is an erratic visitor to the KaRirra-Wilson River area 
and has not been recorded in the Flinders Ranges. The flock bronzewing’s behaviour can be 
recognised in Marnpi’s behaviour as he arrives at a waterhole, leaves when it is dry, and follows 
water north across the landscape until he dies presumably of thirst in the dry hills. See Figure 9-
7. This demonstrates how working in multiple languages can mislead – ‘bronzewing’ has 
multiple, previously unnoticed connotations in the English translations. 

Marnpi has significant interactions with humans. He engineers his environment by translocating 
water in a dilly bag, which the bunyip/snake breaks, then trying to build a boom to retain the 
spilling water. Satellite imaging shows the floodout at Padi Padi (Figure 9-6). There are two 
possibilities. The mura may be supplying an Origin Story for a natural feature, based on the 
similarity between the feature and the spill pattern from a dropped water bag. Or the mura may 
be supplying a Record of Event, where people unsuccessfully attempted to retain water in the 
Padi Padi Waterhole. Archaeologists and surveyor records have determined that Indigenous 
people all over Australia constructed dams and booms to control water (Broome 2010, 
Gammage 2011, Rowland and Ulm 2011, Pascoe 2014). Known fish traps and weirs in south-
west Queensland were built either of stone, or of organic material such as poles and woven 
reeds; one method was to fell a large tree (boom). An earthen dam has been found near 
Tibooburra, presumed to be for water retention (Rowlands 1969). Padi Padi was not visited 
during this project, but a future examination for evidence of a weir or trap may be warranted. 

In contrast to Marnpi’s active engagement with water features, Marnbi just flies along bleeding 
and creating iridescent or shiny minerals, with no real interaction with humans after his initial 
wounding and escape. 

This Chapter has determined that the Wangkumara mura of Marnpi, and the Adnyamathanha 
yarta of Marnbi are separate Stories, with only the former relating to water. Figure 9-4 illustrates 
each Story’s location spacings and Section 9.4.2 summarizes the commonalities and differences. 
It has been shown that the two Stories differ in function; one is a traveller’s guide to water, the 
other a classification guide to mineral locations, although both are valid Origin Stories. 

In answering the Research Question “Is the current water landscape congruent with historical 
and modern Indigenous environmental knowledge of water?” only the water-related Marnpi 
mura was investigated. The sites it names have been shown to be either significant signpost 
landmarks, or sites with reliable water, thus confirming that the current water landscape is 
congruent with this particular Indigenous environmental knowledge, both as a historical text 
and a current cultural tale.  
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Table 9.8 Summary of quantification of IEK (mura), historical (Settler) and present-day lived experience of water in the Confluence landscape. 

Abbreviations: IEK Indigenous Environmental Knowledge, EXPLORER/SETTLER Explorer and early Settler journals, 
RULES OF THUMB Desert Channels Queensland publication (see Figure 8.10), RESIDENT Modern residents of the Confluence 

WH Waterhole, SAC Sandy anastomosed constrained landscape, CB Channel breakdown landscape (LU Landscape Units) 
ESO/ESM of 1/1 indicates first order tributary, no divergences. For PIE, C is Constructed so persistence is engineered. 

ASPECT 
PIE 

(Fig 9-10) 
LU, ESO/ESM 

(Table 9.7) 
WBV Ribbons 

(Figs 9-11, 9-12, 9-13) 
IEK 

(Appendix A2) 
EXPLORER/SETTLER 

(Appendix Sections A3.1, A3.2) 
RULES OF THUMB 

(Appendix Section A3.4) 
RESIDENT 

(Appendix Section A3.4) 

Water distribution 
over Marnpi route 

I Mostly SAC 

Mostly Bare with several 
persistent Water lines. Strong 
Vegetation responses after 
inundations. 

Stories provide water 
locations and navigation, 
and explain anastomosis. 

Seasonal migrations and 
ceremonies, awareness 
over long distances of 
floods and rains. 

Hot summer, floods in late 
summer, dry winters, 
droughts; reflected in 
Ribbon Plots. 

Seasonal fish, duck, plant 
resources at waterholes. 

Birds congregate near 
water, can follow to find. 

Swimming and dangers of 
mud and steep banks 
recognised. 

Stories tell of hydraulic 
constructions (dams, 
booms, weirs, wells) used 
to improve water security. 
Stories imply, some 
archaeology has found. 

Drought and flood cycles, with 
intermittency/ ephemerality of 
water over much of the area 
reflected in Ribbon Plots. 

Hot dry summers, dry winters, 
frequent drought conditions. 

Occasional heavy rain or major 
flood, reflected in Ribbon Plots. 

Difficulty crossing dry and 
deeply cracked clay plains, 
especially in hot dry summers, 
and in crossing boggy 
floodplains and water channels, 
especially after heavy rain. 

Reliance on waterholes and 
“native wells”. 

Vegetation response after 
wetting reflected in Ribbon 
Plots. 

Engineered storages (dams) 
reliant on flows/ rains, scarce in 
drought. 

This document covers the 
whole Cooper catchment with 
little detail for the Confluence. 

Categorises floods as 
channel, gutter (floodways 
activated), handy (pasture 
responds), good (>75% of 
landscape inundated). 

On average, flood every 
1.6 years, handy every 3 
years, good every 7 years. 

“Useful” rain >25mm or 
>50mm in 65%/17% of 
years at Noccundra and 
68%/23% at Nappa 
Merrie. 

 “Dry floods” (when flow 
purely from upstream) 
take several weeks to 
traverse the Confluence. 

“Good feed… made even 
better when local rains 
follow flooding. Rains 
alone grow little, if any, 
feed because the heavy 
clay soils of the Channel 
Country are so thirsty.” 

Drought and floods in 
about 10 year cycles. 
Most recent cycle more 
extreme with large flows 
but severe drought. 

Hot dry summers starting 
earlier and lasting longer. 

Overall less wet than 
1970s. Drying out 
reflected in Ribbon Plots 
in Ch 6,8. 

“Temporary” feed grows 
well after floods, reflected 
in short vegetation 
response on Ribbon Plots. 

Grasslands dormant,await 
rain, reflected in lack of 
Vegetation or Water on 
Ribbon Plots in Ch 6,8. 

“Native wells” fallen into 
disuse, affected by water 
table changes due to 
bores and pumping. 

Engineered water places 
(dams, bores) have more 
persistence (Ch 6,8). 

Persistence at 
Tenaperra WH, 
Warri Warri Ck 

I 
Linear WH 
SAC 1/1 

Mostly inundated. Ends and 
occasional full dry out. 
Vegetation response to wetting. 

Koonandra WH, 
Graham Ck 

I 
Interdune WH 
SAC 1/1 

Mostly inundated. Downstream 
end dries out. Vegetation 
response to wetting. 

Padi Padi WH 
KaRirra (Wilson R) 

I 
Interdune WH 
SAC 1/1 

Mostly inundated. Ends and 
occasional full dry out. 
Vegetation response to wetting. 

Unnamed WH, 
Wippo Ck 

I 
Meander WH 
SAC 1/1 

Mostly inundated in two main 
pools. Occasional dry out. 
Vegetation response to wetting. 

Unnamed WH, 
Murrawarra Ck 

I 
Linear WH 
SAC 1/1 

Mostly inundated. Downstream 
end dries out. Vegetation 
response to wetting. 

Quilberry Tank, 
Wippo Ck 

C(P) 
Constructed in 
creek 
SAC 1/1 

Pools maintained, occasional 
dry out. 

Ella Bore,between 
Wippo and 
Murrawarra Cks 

C(P) 

Constructed 
between creeks 
CB ESO/ESM 
n/a 

Pool maintained, occasionally 
dry out. 

Weechu WH, 
Tippera Ck 

I 
Meander WH 
SAC 1/1 

Mostly inundated in two main 
pools. Occasional dry out. 
Vegetation response to wetting. 
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9.5.2 Ribbon Plots for Research Questions on Indigenous Knowledge 

The Ribbon Plots in Figures 9-11, 9-12 and 9-13 show water distribution on the Nguku/KaRirra-
Cooper Creek-Wilson River Confluence area along the Marnpi route. Table 9.8 compares the 
results of the ESO/ESM, PIE and Ribbon Plot quantifications with the qualitative information 
from earlier (and from Appendices A2 and A3). 

The Confluence has persistent Water locations, which for Marnpi are spaced at roughly one 
day’s travel, in a landscape that is generally Bare. This correlates with the Wangkumara ability 
to travel across long distances as they could access reliable water every day. It correlates with 
Explorer and Settler observations, that the landscape was difficult to traverse without knowing 
the location of the next night’s water and feed, as the Indigenous populations could do. It 
correlates with the Rules of Thumb (Futurebeef 2017), which describes how the landscape dries 
out between flow/flood events except at key waterholes. Finally, it correlates with the modern 
experience, where pastoralists have dealt with increasingly severe droughts that are drying up 
even previously reliable waterholes by engineered improvements to water security, including 
sinking bores and tankering supplies to dams; some of these are in areas known to have had 
“native wells” (for instance, Figure 9-14). The effects of the Millennium Drought are visible with 
the disappearance of regular green or blue bands after 2002. A large inundation event in 2009-
2010 shows as blue in Figures 9-13 (b) and (c), and black followed by greening in Figure 9-13 (a). 

Figures 9-11, 9-12 and 9-13 also demonstrate the intermittency of water along channels and 
waterholes of the Marnpi region of the Confluence. Further, the PIE PDF plots in Figures 7-9 and 
9-10 for Confluence and Marnpi waterholes quantifiably differentiate the permanent, 
intermittent (partially full, or full part of the time) and ephemeral (rarely full) waterholes. The 
Confluence waterholes (as demonstrated in Chapter 7) show a range of persistence, whereas 
the Marnpi waterholes are all similar, and are all intermittent with a skew towards permanence. 
This correlates with the Wangkumara having knowledge of reliable water. It correlates with 
Explorer and Settler accounts of the difficulty in finding reliable water on the Confluence, even 
along channels, during dry times. And it correlates with the modern experience where 
pastoralists preferentially use more persistent water locations, including those used by Marnpi.. 

A major assumption not yet discussed involves changes to the landscapes of the KaRirra-Wilson 
River and Marnpi/Marnbi areas. There is only have fragmentary evidence of pre-contact culture, 
as the Indigenous populations were dramatically reduced due to disease, drought, destruction 
of food sources, and displacement by European Settlers and their livestock (Nobbs 1992, 
Ebsworth 2009, Silcock, Piddocke et al. 2013). Compaction of the land changed its infiltration 
characteristics, which in turn changed vegetation persistence and fauna habitats. Waterholes 
were trampled by cattle and used unsustainably by early Settlers who did not comprehend their 
‘boom and bust’ nature (Silcock 2014). Bores were sunk, which affected the water table and 
altered the persistence of waterholes and soaks (Hawkercamp 2013). Slow-growing vegetation 
was grazed to ground level by sheep and goats, and failed to regenerate, while introduced feed 
grasses were sown. Native tracks were abandoned or became droving routes – in both cases the 
preferential drainage they provided was changed (Kerwin 2010). Native camps were usurped by 
homesteads and stockyards that pumped water across a wide area, increasing actual 
evapotranspiration. Native dams and waterholes were modified into tanks and farm dams. 
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Figure 9-14 Nockatunga Station Map of Paddy Paddy Paddock area showing locations of 
Ella Bore and Quilberry Tank with adjacent native well. Courtesy of Nockatunga Station. 
Composite of two photographs by D. Kucharska. 

 

There have been observed changes to bird numbers and ranges as a result of Australia-wide land 
use and climate changes such as droughts and floods. Common bronzewings increased in 
number in the arid parts of Australia after the 2009 floods and subsequent vegetation growth, 
but the ground-nesting flock bronzewings decreased (BirdLifeAustralia 2015); the availability of 
un-inundated ground nesting sites may have had an effect. Monitoring the presence of sentinel 
species such as the flock bronzewing may prove useful in monitoring water presence and 
persistence in the region. However, in the absence of bird counts from pre-Contact times, no 
conclusions about population can be drawn. Only the observed behaviour (ie that flock 
bronzewings appear at KaRirra-Wilson River sites when there is water) was used in this Chapter. 

During the literature review for the overarching hydrology project, it became apparent that 
many ecological studies only cover relatively short study periods, which cannot adequately 
reflect multi-decade wet and dry weather and flow variations and slow-growing trees. 
Interpretation of satellite imagery is hampered by the lack of long-term response information. 

Satellite records only cover the period since (at best) the 1970s (the DNRM Landsat archive only 
since the mid-1980s). Land use has been more stable during the satellite record compared to 
the major changes that occurred in the late 1800s, which remain unquantified. Locations such 
as Padi Padi may have once had quite different hydrological behaviours.  
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There was also no information in the literature that pre-European hydraulic works in the 
Marnpi/Marnbi areas existed whose subsequent deterioration might have had ongoing 
consequences to the water supply patterns in the area including observed changes in waterhole 
persistence. This may be because no one has yet searched the area, or because early settlers 
dismantled them (Rowlands 1969, Pascoe 2014). However, there was evidence that the lack of 
maintenance of native wells (springs or rockholes that were cleaned regularly and covered to 
minimise evaporation) had degraded their persistence (Tully 2012). 

In answering the Research Question “Is Indigenous Knowledge of local floodplain hydrology 
consistent with observed 1986-2017 flow behaviours?”, the Ribbon Plots in this Chapter show 
that flow distribution along Marnpi’s route is highly variable, which is congruent with events in 
the Marnpi Story where water is stolen/disappears, or escapes and floods out. The Ribbon Plots 
also show different dry spells and inundation events have different timings and durations. The 
Ribbon Plots show that named camps are sites of persistent water, in accord with Marnpi 
camping in the presence of water. The current landscape as represented by Ribbons is congruent 
with historical and Indigenous environmental information summarised in Table 9.8. 

In this Chapter, the Ribbon Plot method has been shown to be capable of corroborating that an 
Indigenous Story about a journey that linked water locations. However, further limitations on 
the method have been identified, in addition to those in Chapter 8. It is impossible to validate 
Explorer or early Settler experience of water in the landscape as there is no quantitative field 
data or Landsat data available. It is also impossible to validate the Stories of Marnpi/Marnbi at 
their exact sites, as the positions are not available (due to loss of language, dispossession of 
Country, and changes of placenames since Settlement); best-guess locations had to be used. 
And on a technical note, the scale, and hence resolution, of the Ribbons can affect the visual 
continuity of ground states over time or space, as seen in Figures 9-11, 9-12 and 9-13. 
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9.6 Conclusion 

As a practical application of the methodology of Chapter 4 and technical tools of Chapter 6, 7 
and 8, this Chapter has investigated a Story of the KaRirra-Wilson River region. This area holds 
considerable cultural significance, well beyond the utilitarian, for the Wangkumara and Kallali 
people, through whose Stories a holistic image of the river and its ecosystems emerges. 

Specifically, this Chapter has looked at the Wangkumara mura of Marnpi the Bronzewing Pigeon, 
and differentiated it from a similarly named but quite different Adnyamathanha yarta of Marnbi, 
which was shown not to be about water. The Chapter has gone on to investigate environmental 
layers of the Marnpi mura, and how it identifies a route between places in an arid landscape 
where water could be expected. 

As background, Chapter 5 presented a range of lived experiences of water, and Appendices A2 
and A3 presented differing Indigenous and Settler views of the same KaRirra/Wilson River. The 
former found it a land of variable plenty where control of water was crucial; the latter found it 
a hostile environment where lack of water was fatal. High flow and rainfall variability were 
always of concern, although more recent experiences indicate increased warming and drying.  

Using Landsat data from 1986-2014, eight locations along the Marnpi route have been classified 
for landscape (all sandy anastomosed constrained), stream ordering location (all except the 
bores were first-stage tributaries off the Grey Ranges, at the level analysed), and water 
persistence (all had a bias to permanence). The results have then been compared to historical 
and recent Indigenous lived experiences, and found to be in broad agreement. 

The example, the Story of Marnpi the bronzewing pigeon and his theft of water, has been 
investigated in detail. Multiple freely-shareable levels fulfilling different informational needs 
have been examined (although it is acknowledged that there are probably other secret/sacred 
levels only available to the initiated). The levels were: 
 the origins of placenames, including creation of specific geophysical features; 
 Marnpi’s journey across the KaRirra-Wilson River landscape, in human-scale stages; 
 Instruction in culturally appropriate behaviour when travelling in the area; and 
 IEK encapsulated in the Story, specifically, the characteristics of flock bronzewings and 

the relationship to reliable water sources. 

Without making any judgement about the validity of the latter, this paper has presented 
evidence that the Wangkumara/KaRirra(Wilson) Marnpi Story is separate to the extended 
Marnbi Story. Linguists, anthropologists and the Wangkumara themselves consider the Marnpi 
Story to be purely a local KaRirra-Wilson River Story (Ebsworth 2015). 

The extended Marnbi Story has appeared more recently and remains tenaciously in circulation. 
Whilst the evolution of Stories to include new information is a right of living cultures, there is 
also a right for living cultures to protect their Stories and discourage appropriation. On the 
metrics of stage length, bronzewing species ranges and behaviours, and date of earliest 
recording, it seems to be a separate Story that has become conjoined with the 
Wangkumara/KaRirra-Wilson Marnpi; this Chapter has provided more evidence, including 
metrics, that the two Stories, whilst separate, are both valid in their cultural contexts. 
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This Chapter has addressed the two remaining Research Questions: 
 Is Indigenous Knowledge of local floodplain hydrology consistent with observed 1986-

2017 flow behaviours? 
 Yes; as a specific example, based on best-guess locations, the Marnpi Story identifies 
a series of locations on an arid landscape, usually but not always along stream channels, 
where water can be found, demonstrating that water distribution is consistent with IEK 
of water pathways. 
 Yes; as a specific example, based on best-guess locations, the Marnpi Story identifies 
locations that have been shown to have long-term water persistence even in dry 
conditions, demonstrating that observed persistence of water bodies is consistent with 
IEK of seasonal and permanent water sources 

 Is the current water landscape congruent with historical and modern Indigenous 
environmental knowledge of water? 
 Yes, the landscape as observed during fieldwork and as quantified using Landsat data 
is congruent with historical information (although recent warming trends and droughts 
may be a new trend). It is also congruent with the still-in-use Marnpi Story. 

 

Approaching the KaRirra-Wilson River from the two perspectives (the disconnected ephemeral 
watercourse of the hydrologist, and the living landscape of the Indigenous Traditional Owners 
and Custodians) reveals technical, ecological, geographical and human aspects that must be 
considered together to successfully manage for the environment. IEK can provide pointers into 
what is significant, but only if we look carefully at the right Stories. 

In a shared management environment, this requires Traditional Owners and Custodians, and 
their Knowledge Holders, to understand what needs to be revealed, when and to whom, to 
enable good quantified decisions to be made. It also requires scientists and engineers in 
particular to want to learn about the system they are operating on, including recognising 
multiple ways of understanding it, not just a narrow technical outcome. The inter-related 
ecological, economic, social and cultural significance of water is particularly important in arid 
environments. As shown here, technical approaches may be helpful in answering cultural 
questions and vice versa. 

Did it work for the Marnpi? I believe yes. 

With my hydrological context and through my sympathetic but non-Indigenous lens, I have 
added some layers to the Stories that may be of use to the Knowledge Holders that shared them. 
I have actively avoided judging the validity of Stories, rather I have provided evidence that both 
sides can be correct within their contexts. I have given practical expression to the abstract calls 
to respect Indigenous customs and culture when performing engineering work, not just in 
specific Indigenous-based projects with near-intact traditional communities. And I explored how 
to meet the Indigenous worldview on equal or better terms through trying to educate myself 
about it, rather than overwhelm, abuse or ignore it as too difficult ethically or culturally. 
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This capstone Chapter 9 tells my story of the KaRirra-Wilson River Marnpi, adding my 
classification tools and Ribbon Plots to quantify the rich IEK of an Indigenous Story about water. 

Chapter 10 reviews contributions made and the key challenges overcome in the fields of remote 
sensing, hydrology and indigenous studies, and reiterates how the new methods and tools have 
answered the Research Questions. Chapter 11 concludes with a discussion of possible further 
applications and extensions of the tools and concepts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parts of this Chapter have previously been presented at MODSIM13 (Adelaide, 1-6Dec13), 11th 
International Symposium on Ecohydraulics (Melbourne, 8-12 Feb 2016), 1st Annual Student Led 
Conference “Second Soul Acquisition” (Melbourne, 17 Oct 2014), and Infrastructure Engineering 
Postgraduates’ Conferences (2011-2017, Melbourne). See Appendix A6 for details. 
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CHAPTER 10 – DISCUSSION OF CHALLENGES AND CONTRIBUTIONS TO 
KNOWLEDGE 

This Chapter summarises the combined socio- and technical hydrology 
investigations of water behaviours on a difficult dryland multiple-channel river 
reach, including contributions made and challenges overcome in the fields of 
Remote Sensing, Hydrology and Indigenous Studies. 

 

 

10.1 Discussion of Results 

This Chapter highlights this thesis’s contributions to knowledge in the main technical hydrology 
areas of remote sensing, geomorphology, hydrology, and the associated social hydrology areas 
of historical and Indigenous Studies, and explains the challenges that have been addressed. 

This thesis was framed in three parts, in terms of Stories of the Nguku/KaRirra-Cooper 
Creek/Wilson River Confluence. The first part looked at how Indigenous Stories relating to 
functionally interconnected environmental information together with historical and 
contemporary accounts, could be included in technical analyses, using a new Worldview tool.  

The second part developed technical discipline-based stories from remote sensing, 
geomorphology, hydrology, and field observations, leading to a set of new technical tools. 

The third part integrated these diverse social and technical stories to tell my story of the 
Confluence. The technical tools were used with fieldwork, computer-based methods and three 
decades of Landsat data, to quantify flow distributions on the heavily anastomosed Confluence 
floodplain. This part focussed on recent landscape alterations and their effects on water 
presence and persistence. It also investigated the Wangkumara Story of Marnpi the Bronzewing 
Pigeon for layers of cultural and environmental meaning, and for the long-term KaRirra-Wilson 
River region water behaviours encapsulated therein. 

Answering the Research Questions required: 
 Simplification of highly complicated river system into physically-meaningful descriptive 

components (LU, ESO – Chapter 6); 
 Field check of surface state spectral responses and interpolated datasets (Chapter 7); 
 Logical separation of overlapping surface state spectral responses (WBV – Chapter 7); 
 Quantitative classification of water persistence at waterholes (PIE – Chapter 7); 
 Quantitative visual representation of surface state (Ribbon Plots – Chapter 8); 
 Filling dataset gaps with (qualitative) historical records and interviews (Chapters 8, 9); 
 Ethical combination of IEK and academic/scientific knowledge even though based in 

different knowledge management systems (Worldviews – Chapter 4); and 
 Ethical and culturally appropriate discovery of water-related IEK for a region with a 

disrupted history and resultant fragmented language and culture (Chapters 4, 5, 9). 

In addition to its technical achievements and a technical examination of Indigenous knowledge, 
this thesis provides a guiding example for researchers aiming to integrate scientific and 
Indigenous knowledge in future studies, including my personal ethics journey.  
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10.2 What contribution does this thesis make in the context of other similar work? 

This Section summarises how the Worldview methodology contributes to the inclusion of 
Indigenous Knowledge into scientific studies, as demonstrated using the Wangkumara mura of 
Marnpi, It also summarises the contributions to technical knowledge, including systemization of 
a large, variable and complex river system with decadal-scale ecological response times and 
climate cycles, development of a three-way wet/dry classification including vegetation as a 
marker of moisture response, probability-based quantitative characterisation of water 
persistence, and visualisation methods covering locations and time. 

Integrating traditional and Earth observation data shows how the Marnpi Story is related to a 
bird species whose behaviour provides a form of natural ‘remote sensing’ of water to travellers, 
and confirms that the probable locations where Marnpi is said to have rested with his dillybag 
of water do indeed have more persistent water compared to their arid surroundings. 

 

10.2.1 Worldviews to Negotiate Differences in Knowledge Management Systems 

Although there has been much discussion in the literature about the ethics of accessing and 
using Indigenous Knowledge, it has been focussed on recognising and preventing neo- or post-
colonialism, reification, or objectification of Indigenous people and their knowledge (Gorman 
and Wallis 2010, Roy 2013). The result has been a reluctance to consider Indigenous Knowledge 
in scientific or engineering studies (Jackson 2006, Jackson, Pollino et al. 2015). 

A consequence has been the exclusion of Indigenous Knowledge from many technical 
investigations, much to the dismay of Traditional Owners and Custodians. Another consequence 
has been the usurping of intellectual property by non-Indigenous researchers or by rival groups 
(Fejo-King 2013). Another potential consequence relates to the permanence of individual 
attribution by name in Academic protocol, which may become problematic on the death of that 
individual under Indigenous protocol; this has not been explicitly addressed by current 
researchers, for example, (Fuller, Norris et al. 2014, Hamacher 2016). The differences may lead 
to lack of recognition and/or exclusion of Indigenous persons from academic involvement. 
Further, if Ethics consent cannot be obtained by a researcher within a project’s timeframe due 
to difficulties in resolving the differences, that Indigenous group loses a chance to be heard 
(Constable 2015). 

During the Ethics Approval process, it was realised that there was no systematic discussion in 
the literature about the differences in knowledge management expectations and protocols. This 
thesis developed an approach based on Worldviews, as expressed by knowledge management 
systems (control, retention, transmission, and ownership) to examine why Australian Indigenous 
knowledge appeared qualitatively different to the Academic paradigm (Chapter 4). This 
framework aids identification of the main differences and how they could impact on intergroup 
communication. 

For this thesis, I was able to negotiate a mutually acceptable arrangement for my particular 
circumstances. I emphasise that this was unique to my situation of openly-available water 
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Stories from a group who no longer spoke language and who wished to preserve as much as 
possible of their Stories; each case will require its own solution. 

This thesis demonstrates how the Worldview approach can be useful between any two disparate 
cultural groups to identify commonalities and differences in how they control, retain, transmit 
and own knowledge. It can also be useful in considering how Academic and other group 
protocols (including Intellectual Property laws) could evolve to make knowledge more accessible 
across different knowledge management systems through clearly negotiated compromise, 
adoption, or acceptance of limitations. 

More particularly, the Worldview methodology can be used for situation-specific agreements 
regarding the use of cultural information, with the Indigenous and Academic requirements being 
clearly identified, compared, and negotiated. This promotes integration of IEK into technical 
work in a culturally appropriate manner. 

 

10.2.2 Integration of Indigenous Environmental Knowledge into Hydrological Studies 

Stories serve many cultural functions; as discussed in Section 4.3.3, Australian Indigenous Stories 
can be used to simultaneously entertain, build morale, reinforce identity, define territory, record 
events, teach rules and customs, explain natural phenomena, and systematise knowledge 
(Tunbridge 1987). In comparison, academic communication is typically through single-focus 
papers in discipline-specific journals, telling a story but in a very constrained and carefully 
justified manner (Brown 1996). Technical evaluations are also typically restricted by their terms 
of reference and scope. Gibbs has identified that: 

“…the triple bottom line brings into focus the three ‘categories’ of economics, the 
environment, and society and culture, and guides other prominent methods of ‘valuing’ 
complex ‘social natures’ … including … ecosystem service valuation … However, this 
separation of values limits understanding of value. Local realities are simplified to fit generic 
categories, overriding specificity and difference and marginalising interconnections. Benefits 
could be far greater, and more relevant to local settings, if efforts were made to move 
beyond separation and consider complex interconnections in a specific place. … Considering 
values separately is reductionist, anthropocentric and culturally specific.”(pg 75)(Gibbs 
2006) 

The approach in this thesis to integrating IEK with a technical (hydrological) study has been to 
take a single local Story with multiple cultural functions and separate out the information about 
fauna and water (natural phenomena and systematizing knowledge). Although this follows the 
reductionist scientific approach, it still acknowledges the interlinked nature of both the IEK and 
the natural system under study. 

This study differed in both scale and focus from other studies. Previous studies have often 
involved teams of researchers, multiple river catchments and multiple Indigenous groups with 
varied levels of connection with Country and language. In those studies, Stories formed a 
backdrop to water values, allocation management, and registration of cultural sites, rather than 
being investigated in their own right; for example see (Barber and Jackson 2011, Bark, Garrick 
et al. 2012, Constable 2015). 
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In this project, Wangkumara Elders share the Story of Marnpi the Bronzewing Pigeon at a level 
that can be openly reproduced; it has also been previously published (Beckett 1978). On the 
surface, it is a tale about a powerful being that stole water and travelled a large distance before 
dying; there are probably underlying levels that outsiders are not privy to. But on closer 
(Academic) examination, the Story contains language protocols, guest and host rights and 
obligations, consequences of transgression, and a walking route between two significant 
ceremonial sites with water sources spaced at approximately daily intervals. Further 
investigation reveals that the appearance in Wangkumara Country of the bird species in the 
Story is closely associated with the presence of (ephemeral) surface water (Flegg 2002). So to 
follow the Marnpi’s footsteps is to follow a bird whose presence indicates water, and 
successfully travel across a landscape in which early Europeans frequently thirsted 
(RockhamptonBulletin 29/12/1874, Sturt 1847, Wills 1863). This thesis shows the Wangkumara 
Story of Marnpi is related to an identifiable bird species whose behaviour provides a form of 
ecological ‘remote sensing’ of water to travellers. Also, it shows that the locations where Marnpi 
rested with his dillybag of water did indeed have persistent water compared to their arid 
surroundings (Chapter 9). 

The approach in this thesis, where a whole openly-available Story is considered and key 
environmental aspects are extracted for further technical review, is one way to include IEK in 
technical studies. It allows multiple lines of investigation that can reinforce a finding (for 
example, the use of bird behaviours with mapped waterholes and remote-sensed data to 
identify surface water). It does not require deeper cultural levels, thus protecting the Indigenous 
intellectual property and protocols. And it reflects the interconnectedness of environmental 
components better than an isolated single-discipline approach. 

This thesis contributes a structure for scientists/engineers to approach the inclusion of IEK into 
their knowledge base. It uses Australian Indigenous knowledge, but the concepts are not 
restricted to that grouping. The raising of awareness of IEK can lead to different ways of 
systemising knowledge and looking at interlinked environmental factors. 

I turn now to the technical side of my project. 
 
10.2.3 Systematic Area and Drainage Network Tools for Heavily Anastomosed Systems 

The Confluence study area is a large, highly variable and extremely complex multiple-channel 
river system, with decadal-scale ecological response times and climate cycles. The area is the 
subject of many journal papers, but most restrict their scope to small areas (waterholes, bores, 
sandhills), major channels and flows (excluding smaller ones), and/or short timeframes (one 
year of fieldwork). Almost all are also single-discipline: geomorphology; sedimentology; 
hydrology; botany; and so on (Knighton and Nanson 2000, Fagan and Nanson 2004, Hamilton, 
Bunn et al. 2005, Cendón, Larsen et al. 2010, Hadeel 2010, Fensham, Silcock et al. 2011, Gao, Li 
et al. 2013). 

More broadly, hydrology and geomorphology texts cover systematization of drainage patterns 
and channel shapes, and large-scale climate and flow regime information (Gordon, McMahon et 
al. 2004, Strahler 2005, Ladson 2008). Separately, ecology and remote sensing texts cover plant 
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assemblage and vegetation classification schema (Campbell 2007, Horning 2010). A few 
classifications do attempt to blend hydrogeomorphological and vegetation characteristics (for 
instance, (Brooks, Brinson et al. 2011, Corcoran, Knight et al. 2013) but most existing landscape 
divisions focus on single-discipline classifications and analyses. 

For the study area, the presence of water is indicated by either surface water or by vegetation 
response, necessitating inclusion of both in any classification scheme. Further, vegetation and 
channel shape and stability are intrinsically linked, as are vegetation type and soil type. In this 
thesis, Landscape Units were defined on the basis of channel type (straight, meandering etc) and 
the level of vegetation (sparse or dense), to structure the study area acknowledging these 
linkages. The classification clearly revealed the distinct KaRirra/Wilson River versus 
Nguku/Cooper Creek regions (Chapter 6). The approach is simple, yet useful to ensure all 
landscape types were considered in site selection and sampling. 

Existing drainage network methods do not deal with channel divergence, as occurs in 
anastomosing systems (and deltas). This thesis extends some common stream ordering systems 
to include divergent as well as convergent drainage networks, using logical rules. For time and 
space reasons, application of the extended systems has been restricted to major channels but 
in principle could be automated to order all detectable channels (Chapter 6). At this level, the 
ordering reveals that the water features selected for analysis are all at similar network positions 
ie either at the second level of divergence from a flow concentrator (Table 6.3) or along the 
uppermost stream segments in the KaRirra-Wilson River catchment (Table 9.7). 

The examples in this thesis apply the Landscape Unit and divergent-capable stream ordering 
tools to enable better systemisation of a challenging multiple-channel region. The tools enable 
more objective selection of sample sites, and better understanding of within-region landscape 
variations. Application of the tools to specific sites in Chapters 8 and 9 ensures awareness of 
their landscape and drainage network characteristics when interpreting remote-sensed data. 

 
10.2.4 Novel 3-way Classifications Using Relationships Between Spectral Indices 

There is a plethora of surface status indices using Landsat and other visible-spectrum sensors. 
Often the focus is on one of the status triad – bare ground, water, or vegetation – at a pixel, and 
along a single axis (dry vs inundated or bare vs vegetated). For instance, NDVI (Normalised 
Difference Vegetation Index) and its variants indicate plant cover (Campbell 2007, Parsons and 
Thoms 2013), and water indices identify inundation (Gao 1996, McFeeters 1996, Ouma and 
Tateishi 2006). Fractional Vegetation Cover, whilst using a ternary relationship, likewise focuses 
on bare vs vegetation ie green and non-green cover (Scarth, Trevithick et al. 2017). 

But in the study area, the status triad has unclear boundaries along three axes: 
 vegetation can be dry and dusty and incorrectly appear as bare ground, or dead plant 

litter on bare ground can incorrectly appear as vegetation; 
 it is difficult to distinguish saturated muds, which occur around water features, from 

extremely turbid water; and 
 water may be masked by emergent vegetation if sufficiently thick, but sometimes the 

only indicator that moisture is moving through the sediment is a local greening. 
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Fieldwork revealed that not only do individual pixels contain a mixture of ground status, but also 
the spectral response of solely ‘bare’, ‘vegetated’ and ‘inundated’ surfaces is intermingled due 
to these factors. This thesis worked out a discrimination method that improves the classification 
of each pixel into one of a triad of categories (Chapter 7). The method can be adjusted for a 
larger number of classes, but three – water, bare and vegetated - is sufficient for the purposes 
of this project. This approach enables the simultaneous tracking of moisture as surface water 
and as vegetation response, acknowledging the interlinkages. 

A further use of spectral indices was to quantify the degree of permanence of waterholes. 
Literature to date had relied on specific logged data, or on qualitative interviews as to how often 
waterholes were dry or filled (Queensland-DNRM , Silcock 2009). This thesis was able to identify 
the permanence, intermittency or ephemerality of waterholes based on the shapes of 
probability distribution functions of NDVI and water indices. 

This thesis demonstrates how the WBV and PIE classifications enable an improved quantitative 
assessment of landscape characteristics relating to water, using remote-sensed data. WBV adds 
recognition of vegetation response when tracking water, and PIE provides a probability-based 
measure of persistence to augment existing observational methods. The classification tools are 
applied in Chapters 8 and 9 to track movement of water across the landscape and quantify 
waterhole inundation behaviour and changes. 

 

10.2.5 Novel Visualisation Method for Flowpaths and Transects over Extended Timespans 

The literature often presents spatial patterns as image ‘snapshots’ with two-dimensional 
classification of inundation areas, or as composites over time (eg inundation frequency maps); 
for example (Westra and De Wulf 2009, Parsons and Thoms 2013, Geoscience Australia 2015). 
The number of images that can be stored and manipulated simultaneously is restricted by 
computer storage and processing capacity. This results in a loss of spatial resolution (if numerous 
images are reproduced at reduced scale) or temporal resolution (when only a few ‘snapshots’ 
are selected for analysis, or if images are ‘stacked’ into a composite representation). Animations 
of inundation are also used. These are subject to primacy and recency effects that occur when 
the human brain processes animations, making the first and/or most recently viewed inundation 
sequences appear more significant (Murdock 1962). Using these methods, quantified 
comparison is difficult and the computational requirements can be onerous. 

The Ribbon Plot method overcomes some of the difficulties for data that spans decades and 
landscape scales. Using decadal rather than annual timespans encompasses long drought-flood 
cycles, and also the slow response times of trees. Scales ranging from feature to landscape allow 
overview of a whole region’s response, or detailed examination of a small area. To maintain 
spatial, temporal and spectral resolution, the Ribbon Plot method compromises on the spatial 
aspect by using lineal regions of interest rather than areal. 

The Ribbons can illustrate water/bare/vegetated classifications (such as WBV), or spectral index 
values (such as NDVI). Qualitative and/or quantifiable change and cycle detection can be done 
along the path or transect, or across the date range at each point. The visual summary over time 
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at key water paths can focus community and management attention to small but significant 
areas that may be overwhelmed if only the whole large system is considered. 

The data used to generate Ribbons can be further manipulated to plot Mean Index Values and 
Ratios between Mean Index Values across temporal and spatial discontinuities. These can be 
used to compare conditions before and after a timepoint (date or event) or at paired locations 
(for instance, upstream and downstream of a roadway), and quantify the magnitude and sense 
(increase or decrease) of any change. 

The Ribbon Plots and associated tools, using Landsat data from 1986-2014, show that there have 
been measurable and datable effects of human activities on the Confluence, revealed as 
persistence changes at nearby water features. The examples in Chapters 8 and 9 demonstrate 
the Ribbon Plots’ ability to detect, separate and date changes with different drivers 
(construction vs drought), and verifies Community and Indigenous Knowledge of flow 
distributions. Although this thesis applies the methods to tracking of water on a landscape, the 
idea is extendable to any lineal regions of interest with a measurable status and structure. 

Ribbon Plots and the WBV and PIE classifications have been designed to be extendable (for 
instrument/technology upgrades) and adaptable (to integrate data from a mix of sensors of 
differing resolution). This ability has been demonstrated across the failure and subsequent 
retirement of Landsat 5 TM (2011), scan-line degradation of Landsat 7 ETM+ (2003), and 
operational commissioning of Landsat 8 OLI (2013). 

 

10.2.6 Summary of Contributions to Knowledge 

This thesis has demonstrated how IEK and technical analysis can be combined in an 
environmental case study, and how multiple lines of investigation can extend and reinforce - or 
challenge - observations based on sparse or discontinuous data. The Worldview approach is of 
value to any people from disparate knowledge management systems as it identifies points of 
difference in the control, retention, transmission, and ownership of knowledge that need to be 
resolved to ethically share that knowledge. Negotiated sharing can also lead to improved 
visibility for a wide range of cultural knowledge bases and environmental approaches.  

Chapter 8 has applied these tools to investigate changes to the movement of water due to 
human activities (in-stream dam construction, road raising and sealing), using three decades of 
highly variable weather and river flow data for the Confluence. It has quantified several changes 
reported by the community, including an overall decrease in water presence, and found that 
Community Knowledge is consistent with observed floodplain behaviours. 

Chapter 9 has applied these tools to compare weather and river flow data with information from 
interviews with representatives of local Indigenous groups and also from recent publications 
from far southwest Queensland (eg (Tully 2014)). It has confirmed current Indigenous 
knowledge is consistent with observed floodplain behaviours, and also that the modern 
landscape reflects the description in a Traditional Indigenous Story, including the behaviour of a 
bird species with regards to water. 
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An additional contribution is the revival and dissemination of a significant water Story, adding it 
to the academic Indigenous Studies knowledge base, and aiding in the preservation of 
Wangkumara water Stories for future generations. (Note this thesis only asked about surface 
layers of meaning; possibly deeper layers have also been revived, along with Wangkumara links 
to other Indigenous groups, as a result of this project asking for Stories on the subject of water). 

 

 

10.3 How did this work address key technical challenges? 

This Section summarises the methods used to address the three main technical challenges, 
namely, structuring a complicated landscape, identifying and tracking water at a range of scales, 
and identifying change and attributing cause on a landscape with high natural variability. 

 

10.3.1 Structuring a highly complicated multiple-channel landscape 

The first technical challenge is structuring the Confluence landscape, with its myriad channels, 
prior to any attempts at analysis. This thesis presents methods to categorise areas, and extend 
existing stream ordering systems. 

The area classification uses ArcGIS manual assessment on a selection of Landsat TM/ETM+/OLI 
images. It classifies regions as sparse or vegetated variants of the channel morphologies in the 
landscape, namely gilgai/rectilinear/meandering/linear/breakdown/constrained (Figures 6-3 
and 6-4). Use of Landscape Units divides the area into a small number of regions of similar 
hydrology, and reveals how the Nguku-Cooper Creek and KaRirra-Wilson River intermingle at 
the anastomosed Confluence (Figure 6-6). 

Rule sets have been extended for existing stream ordering schemes, by the incorporation of a 
‘split’ operator to account for divergence. Manual application of extended Strahler Order, 
Shreve Magnitude and Topological Dimension systems to the Confluence main channel network 
enables categorisation of the relative locations of waterholes and other features within that 
network (Figures 6-7, 6-8 and 6-9, and Table 6-3). 

 

10.3.2 Identifying movement of water in a highly variable dryland river landscape 

The second technical challenge is to identify water and its movement across the landscape at 
pixel, feature, and landscape (flowpath or transect) levels. 

To identify the moisture status of individual pixels (pixel scale) this thesis develops a three-way 
classification acknowledging the triad of continua of water-bare, water-vegetated and 
vegetated-bare status (Figure 7-1). On-site measurements of spectral responses of known status 
were taken using a Cropscan multi-spectral radiometer tuned to wavelengths similar to Landsat 
TM/ETM+/OLI. Matlab was used to plot these, and produce a set of threshold rules for WBV 
classification based on the clumping of the plotted values on multiple axes. ENVI-IDL Decision 
Trees apply the ground-truthed Cropscan-based WBV threshold rules to Landsat TM/ETM+/OLI 
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spectral datasets to classify each pixel in an image as water, bare or vegetated (Figures 7-7 and 
7-8). Matlab calculations of Producer, User and Total Accuracies for WBV show comparable or 
better outcomes for water compared to simple NDVI and water index combinations. 

Water persistence at waterholes (feature scale) is characterised by the shapes of probability 
density functions of NDVI and water indices. An ENVI-IDL routine is used to extract Landsat 
TM/ETM+/OLI band values for each pixel along a set of waterhole sill-to-sill centrelines for 567 
dates. Matlab’s Statistical Toolbox is used to plot PDFs of NDVI, McFeeter’s NDWI, Gao’s NDWI 
and Grain Size Index. The plots show characteristic water and vegetation peaks depending on 
the amount of time each waterhole spends fully inundated, vegetated, or dry, enabling a 
quantified PIE classification of waterholes as Permanent, Intermittent or Ephemeral (Figures 7-
9 and 9-10, and Tables 7.4, 9.7 and 9.8). 

As the thesis investigates several decades of Landsat data over the study area (landscape scale), 
a graphical method (Ribbon Plot) was created to encode the WBV status over time (horizontal 
axis date) along a flowpath or transect (vertical axis distance). As before, ENVI-IDL was used to 
extract lineal regions of interest (flowpaths along channels in the anastomosed system, and 
transects at a road that cuts across the channel system) for 567 dates. Matlab was used to plot 
ribbons of WBV and other indices (including de-striping post-2003 Landsat 7 data). The ribbons 
identify quantifiable changes in water persistence along flowpaths and at transect locations, 
thus overcoming the challenge of tracking movement of water at landscape scale (Chapter 8). 

 

10.3.3 Identifying long-term changes in a highly variable dryland river landscape 

The third technical challenge is to identify and attribute causes for changes to water patterns on 
a naturally highly variable dryland river landscape, in the context of long duration climate and 
ecological norms, long-term cycles and landscape responses, and human activities. 

A review of technical publications from a broad range of disciplines revealed much existing 
information. Hydrology and geomorphology cover mechanisms that operate on Confluence. 
Remote sensing supplies methods for surface status detection in a variety of environments 
(vegetated, inundated, and so on). Environmental sciences provide information on flora and 
fauna, and their interactions with the landscape. However, the literature tends to be restricted 
spatially or in duration, and is largely single-discipline. 

Identification of changes using an interdisciplinary approach (eg tracking water using remote 
sensing to monitor vegetation response) and longer timeframes (eg decadal droughts) is a 
challenge for existing methods. This thesis used a combination of quantitative datasets, 
fieldwork, and socio-hydrological information to address some of the knowledge gaps. 

The thesis identifies a range of available quantitative datasets, using internet searches and 
discussions with supervisors, and filtered for coverage, duration, and cost. Free-of-charge 
datasets are preferred, as one of the ideals is to develop low-cost tools; also, this project had a 
very limited budget. The longest-duration datasets are Australian Bureau of Meteorology (BOM) 
weather and climate records, State Government river flow records, and Landsat; these also 
include data quality checks (weather station and river gauge reliability and continuity, satellite 
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image cloud cover etc). Some ad hoc verification has been carried out, particularly of gridded 
BOM datasets, by comparing fieldwork observations with dataset values to confirm their 
reasonableness (Figure 7-4). The final selection of datasets was downloaded for the study 
duration (earliest available to 2014), to ensure a static database for the thesis work (Table 3.1). 

Field work was planned to capture maximum practical amount of variability, with three seasons 
targeted – dry cool, dry hot, and wet. Rain, flooding and road closures prevented fieldwork in 
summer 2011/12. I spent approximately two weeks at the Confluence study area during June 
2013 (winter, dry cool) and January 2014 (summer, dry hot), just missing a major flow event in 
February 2014. I was fortunate to overfly the area shortly after a major rainfall event in May 
2016, when roads were again completely impassable. Observations from these three field trips 
were used to ground-truth the Landsat data and understand the seasonal variations (Appendix 
A4, Tables 3.1 and 7.2). 

I augmented my own limited experience of the study area (total of 4 weeks over 4 years) by 
posing a set of standardised questions to as many residents as possible. Since the start of my 
project, there has been generational turnover of station managers and staff, and changed 
ownership of stations, and long-term experience of the Confluence is on the wane. But I was 
able to capture some long-term knowledge in my interviews (Appendix A2, Chapters 8 and 9). 

To extend the timeframe of human experience, extensive online and library searches were 
conducted of historical information about the Confluence (archaeological and anthropological 
researches, explorer and early settler journals, newspaper articles etc). On-line searches used 
Discovery (University of Melbourne), Google Scholar (Google), Mura (Australian Institute of 
Aboriginal and Torres Strait Islander Studies), and Trove (National Library of Australia). Many of 
the sources pre-dated digital or online storage, and some had restricted access. Institution 
archives in Melbourne, Adelaide, Canberra, Tibooburra, Innamincka, and Thargomindah were 
visited to trawl through tapes, photographic collections and handwritten notes as well as rare 
books. The research results are detailed in Chapters 2, 5, 8 and 9 and Appendices A2 and A3, 
and the references listed in Appendix A8 Bibliography. 

In addition to historical records, I worked with nominated spokespersons for the Wangkumara 
and Kallili peoples. The persons were nominated by the Elders that I contacted through the 
Tibooburra Local Aboriginal Land Council Keeping Place. I was personally introduced to the 
Wangkumara Senior Elder by Prof Luise Hercus, a linguist with a long experience of the Lake Eyre 
Basin groups and their languages. I spoke with others via telephone. These communications 
clarified some of the written records and gave a contemporary Indigenous view of Country. The 
research results are detailed in Chapters 2, 5 and 9 and Appendix A2, and the references listed 
in Appendix A8 Bibliography. 

In summary, the thesis uses socio-hydrological information sourced from interviews, library 
research, and Indigenous communications (socio-hydrology), together with the technical results 
using long-term datasets and fieldwork, to recognise seasonal and long-term changes on the 
Confluence.  
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10.4 How did this work address Indigenous Environmental Knowledge challenges? 

This Section enumerates the challenges involving Indigenous Knowledge that arose in the 
process of investigating the Research Questions. It tells how I personally address the Indigenous 
Environmental Knowledge challenges, by backgrounding the cultural contexts of the IEK, and 
developing a methodology to identify points of commonality and difference in knowledge 
management. I have become aware of my own cultural and philosophical position compared to 
that of the Indigenous and other groups of my study area. This has enabled a more respectful 
collaboration with Indigenous groups and ethical use of IEK in a remote-sensing study of water. 

 

10.4.1 Australian Indigenous Studies Backgrounding 

As preparation for investigating placenames and Indigenous Environmental Knowledge, I 
studied topics including: 
 Language (including the content of University of Melbourne School of Language and 

Linguistics course 2014 LING20009 Language in Aboriginal Australia). Knowledge of how 
Indigenous languages such as Wangkumara are structured helped when interpreting 
historical and spoken records, and also helped with Indigenous placename meanings. 

 Social organisation (also covered by 2014 LING20009. Knowledge of community 
structures and relationships helped in finding appropriate spokespeople and 
understanding how information may be restricted due to cultural protocols. 

 History (including pre-contact). As listed in Section 9.1.2.3, archaeological and historical 
records were used to supply a long-term lived experience of the study area. A broader 
reading of the history of the area and its peoples placed the Indigenous information in 
context and explained its often-fragmentary nature. 

 Cultural expectations (including the content of University of Melbourne School of 
Culture and Communications course 2013 MULT10001 Aboriginalities). This research 
was useful when communicating with Indigenous people to minimise 
misunderstandings based on differing cultural norms. 

 Cultural contexts (including the content of University of Melbourne School of Culture 
and Communications courses 2014 AIND20010 Australian Environmental Philosophy 
and 2014 AIND20005 Land Law and Philosophy). Along with history and cultural 
expectations, study of this topic alerted me to the paradigms and legal frameworks I was 
using and how they influenced the design and conduct of my research project. 

This background research constituted a huge and time-consuming learning curve that can block 
water managers pursuing Indigenous avenues of information, due to the limited timespan of 
many projects and focus on technical subjects in engineering education. These difficulties have 
been identified both in Australia and internationally (see for example (Jackson 2006, Bark, 
Garrick et al. 2012, Hoverman and Ayre 2012). This thesis, particularly Chapters 4, 5 and 9, can 
act as an introduction for other engineers to the range of ethical, cultural and language issues 
to be considered when working with Indigenous communities. The list above demonstrates the 
effort that may be needed to meet the challenge of adequate backgrounding.  
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10.4.2 Cultural Issues with Integrating IEK 

Communication between people from different cultures requires both parties to understand 
their own cultural norms, expectations and biases, and to be aware of how they may influence 
the messages sent and received. I examined my philosophical position on why I wanted to 
included IEK. I researched methodological information from Indigenous and non-Indigenous 
academics and representatives. Chapter 4 contains my deliberations, carried out prior to 
commencing work on the Marnpi Story, and shows how I met the challenge of negotiating a 
culturally sensitive way to integrate IEK with my technical work. The example of these 
deliberations may assist other engineers as they embark on their researcher positioning journey. 

 

10.4.3  Knowledge Management System Points of Difference 

As part of the Ethics Approval process, I needed to explain to a relatively inexperienced Ethics 
Committee how I (as a researcher) would obtain, process, and protect information from my 
interviewees (participants). Their reference examples were from medical and social research 
where broad targeting and personal confidentiality were paramount rather than correct 
attribution and protection of intellectual property (IP), which was important here. This thesis 
develops a Worldview concept to identify points of commonality and difference between a 
range of human groupings based on their approach to knowledge management (including 
traditional Indigenous Australians, myself, and the Ethics Committee!). I used Worldviews in my 
Ethics Applications to guide explanations of IP protection and selection of participants, with clear 
identifications of the unique Indigenous Australian aspects within an academic (engineering) 
context. How the project’s Ethics requirements have been met is discussed in Chapter 4, and 
Appendix A1 contains Ethics Approval Documentation. 

 

10.4.4 Liaison with Indigenous Knowledge Holders 

Doing my PhD part-time meant I had double the calendar time compared to most PhD projects. 
This allowed time for background research and self-examination for cultural biases and 
philosophical position, and completion of Ethics precursors, prior to the IEK work. I had time to 
locate names and addresses of Wangkumara and Kallili contacts and to exchange letters and 
phone calls of introduction. Finally, I was introduced to spokesperson Elders, who had had time 
to consider my requests for help before responding. Due to the person-to-person and timeliness 
requirements of Indigenous knowledge transmission, this time aspect is probably the most 
challenging part of including IEK in the context of limited-duration academic project work. 

With the help of long-standing and respected researchers in Indigenous languages and IEK, I was 
better able to share knowledge about the Nguku/KaRirra-Cooper Creek/Wilson River Confluence 
and the Marnpi Story with the spokesperson Elders in a culturally appropriate fashion, and 
through them, I returned the results of my research to the contributing groups. 

The next, and final, chapter will acquit the research questions, discuss further work, and 
conclude with a summation of the contributions of this thesis. 
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CHAPTER 11 – CONCLUSION AND FURTHER WORK 

The final Chapter of this thesis covers how the newly-developed tools have been 
applied to answer four Research Questions, and concludes with further 
applications and extensions of the tools and concepts. 

 

 

 

11.1. Summary of Results 

This Chapter acquits the results against the original thesis objectives and Research Questions, 
and suggests further developments for each tool, with some proposals for future integrated 
investigations. It concludes with a short summation of the thesis project. 

 

11.2. Acquittal of Research Questions 

Recall the original objectives and motivations for this environmental engineering/hydrology 
thesis (from Chapter 1 Table 1.1), paraphrased as: 
 Quantification of an extremely complicated highly variable natural river landscape and 

its responses under a range of long-term climate and river conditions, to improve 
understanding of the full range of flows for environmental decision making. 

 Incorporation of all available human experiences including Indigenous Environmental 
Knowledge (IEK) to improve recognition and inclusion of Indigenous contributions in 
engineering or environmental management contexts. 

The (hydrology) Research Topic (from Chapter 3 Section 3.3) was: 
Can remote sensing be used to determine if there have been any changes to flow 
distribution patterns across a heavily anastomosed temporary river reach over 
the satellite record time, and if yes, can we attribute reasons for them? 

Leading from this, the (hydrology-based) Research Questions (from Chapter 3 Section 3.3) were, 
in summary: 
 Is Community knowledge of local hydrology consistent with observed 1986-2017 flows? 
 Are current human impacts having quantifiable effects on distribution patterns? 
 Is Indigenous Knowledge of local hydrology consistent with observed 1986-2017 flows? 
 Is the current water landscape congruent with historical and modern IEK of water? 

This Section steps through the details of each Research Question and how it has been answered, 
both in the technical sense and in the social/Indigenous recognition sense, and lists some 
additional contributions to knowledge. Table 11.1 enumerates, by Chapter, the investigations, 
methods, tools, and summarises answers against Research Question references. 
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11.2.1. Community Knowledge vs Floodplain Behaviour 

 Research Question 1: Is Community knowledge of local floodplain hydrology consistent 
with observed 1986-2017 flow behaviours? 
The thesis finds that community knowledge is consistent with observed floodplain 
behaviours, and that several changes reported by the community, including an overall 
decrease in water presence, are indeed reflected in the technical plots (Chapters 7 and 8). 

 Research Question 2: Are current human impacts (especially mining, grazing, and roads) 
having quantifiable effects on distribution patterns? 
This thesis shows that current human impacts (specifically road and dam construction) are 
having quantifiable effects on distribution patterns, in accordance with community 
knowledge. It identifies the dates of change, which correlated to specific construction dates 
(Chapter 8). But there are limitations related to the temporal resolution of data. 

 

11.2.2. Indigenous Knowledge vs Floodplain Behaviour 
 Research Question 3: Is Indigenous Knowledge of local floodplain hydrology consistent 

with observed 1986-2017 flow behaviours? 
The thesis finds that current Indigenous knowledge is consistent with observed floodplain 
behaviours, including an overall decrease in water presence (Chapter 9). 

 Research Question 4: Is the current water landscape congruent with historical and 
modern Indigenous Environmental Knowledge of water? 
The thesis compares traditional Indigenous Stories with technical plots, showing changes 
and drying-out, although attribution of cause is difficult due to long weather cycles, global 
warming effects, and changes in land use. In the Wangkumara Story of Marnpi the 
Bronzewing Pigeon, the protagonist’s resting places (still) coincide with persistent water in 
an arid landscape (Chapter 9). 

 

 

11.3. Further Work 

This Section suggests how the technical tools and Worldview concept can be taken further at 
the individual tool level (to refine and extend the technical tools), at project level (to extend the 
analysis of the study area with additional Stories and case studies) and at global level (to apply 
the tools to similar situations elsewhere). 

 

11.3.1. Technical and Worldview Tool Extensions 

Additional ground-truthing could be undertaken to include green and wet seasons, to 
complement the existing data from winter-dry and summer-dry fieldwork for WBV threshold 
derivation. Other locations and surface states (soils) could also be measured. 
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Other index combinations could be investigated to refine the WBV 3-way classification for the 
study area, beyond the NDVI/McFeeter’s/Gao combinations used here. 

Index combinations for other locations, and/or for other non-binary classifications (beyond 
water/bare/vegetated) could be developed using the methods used for WBV. 

The WBV, PIE and Ribbon tools could be adapted to include other datasets (eg MODIS twice-a-
day revisit, red/green/blue/near-infrared at 250-500m pixels, or LISS red/green/near-infrared at 
6-70m pixels). As each Ribbon segment length reflects the size of the data pixel, compatible data 
from multiple datasets could be drawn in the same Ribbon (with additional origin/quality keys). 

The extended stream order concept could be explored at increasingly finer scales including 
where assumptions of channels converging/diverging in pairs may not hold. 

A 2½D version of the extended stream order concept could incorporate floodway drainage; the 
channel and floodway systems represented as two 2D layers with some but not full 3D 
interconnectivity. A further extension would be full 3D to allow for caves and other systems with 
vertical as well as horizontal structures. 

Automation of the extended stream order concept would allow fast, accurate and repeatable 
derivation of a channel’s positioning within the drainage network. 

Automation of Landscape Unit classification, perhaps using texture with spectral response, could 
remove the subjectivity from the LU classification compared to the current manual method. The 
training data would need to cover regions of pixels rather than individual or homogenous areas. 

The Worldview idea could be developed further in the context of research ethics, identity and 
recognition, avoidance of misrecognition or cultural appropriation, and concepts in 
decolonisation. This area was not explored in this thesis beyond what was needed to access 
publicly-available non-secret-sacred information. 

Additionally, the concept of mutual benefit could be explored further, particularly in the post-
Covid world where timely personal or on-Country contact, on which so much Indigenous 
communication relies, has been made difficult. 

11.3.2. Confluence Case Study Project Extensions 

The original scope of this project assumed that tools to systematically describe the landscape 
and drainage network of the Confluence, and remote sensing methods to differentiate water 
and vegetation from bare ground, already existed. As this was not the case, the thesis has spent 
considerable time and effort to create those tools, and has only just started investigating their 
possibilities in how they may be used to model Confluence hydrology, or be more generally 
applied. Consequently, there are two areas of case study project extension: extending use of the 
tools, and extending understanding of Confluence hydrology. 

To extend the use of the tools developed in this thesis, further anthropogenic alterations to the 
Confluence landscape could be investigated to see if they affected flow patterns, for example, 
changes to grazing practices or stocking levels, the construction of fencelines or dams, 
bulldozing of tracks, pumping of waterhole or groundwater etc. Before-After assessments of 
future works could be conducted to determine which type had the least environmental impact. 
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The effects of climate change on the Confluence could be tracked into the future, although only 
the most recent 30 years of data is available for comparison. 

Quantifying any changes in the effects of floods and droughts at locations over time could enable 
better allocation of flood/drought assistance and climate change adaptation, as well as identify 
travel vectors for pest species dispersal during events. 

Together with local “social hydrology” knowledge and IEK, life science researchers could use 
WBV, Ribbons and the PIE waterhole classification to better understand relationships between 
the land, vegetation, fauna, and water, and detect change over decadal timescales. Ribbons 
could be adapted to record sightings of animals or birds along points along a transect, and the 
response of long-lived vegetation such as trees could be tracked with WBV-type classifications. 

This project only looked at one Wangkumara water Story. Other Wangkumara Stories could be 
investigated. Also, Stories belonging to other groups. This may no longer be possible for some 
parts of Nguku-Cooper Creek due to literal extinction of those local peoples (due to disease, 
drought, or violent dispossession); only fragments remain and it would require a joint effort of 
Lake Eyre Basin Indigenous groups and researchers to maybe piece some Stories back together. 

To extend the understanding of the Confluence hydrology, one potential approach is a multiple-
channel hydrological model based on an extended stream ordering system; floodways could also 
be included if a 2½D ordering was available. Once the drainage network is defined, each channel 
(and floodway) segment can be modelled individually, using its Landscape Unit class to 
parameterize. For a range of known inputs across the inlets of the drainage network model, and 
a probability-based dividing of flow at each divergence, it may be possible to adjust the channel 
segment parameters to match the observed outlet hydrograph. 

This would not only provide a physically-based hydrological model for the Confluence, but also 
allow the effects on flow distributions of alterations to channel (and floodway) size and 
connectivity to be modelled before human interventions were carried out. Ribbon and 
associated plots, using WBV or similar ground status classifications, could be used to present the 
results of the modelling along key channels or transects. Unsupervised methods for automation 
of the drainage network channel segmentation process, based on remote-sensed channel and 
intersection recognition, would greatly assist this modelling approach. 

Each of the proposed steps in the above hydrological modelling approach for the Confluence 
builds on the tools developed in this thesis, but considerable further development is required. 
However, as for the tools, the methodology is adaptable to other multiple-pathway systems. 

 

11.3.3. Global Extensions 

Returning to the further development of the tools and their use, Ribbon Plots could be applied 
to many other multiple channel systems. On Earth, Ribbons could be used for canal networks, 
deltas, and glacial or other anastomosed rivers, or for tracking lava flows. Looking to the future, 
data from suitably designed sensors would enable the LU, ESO/ESM, Ribbon, and PIE concepts, 
with a composition-tracking equivalent to the WBV concept, to be applied to, for instance, 
Titan’s liquid hydrocarbon rivers, lakes and oases, or its cryo-volcanic flows (Wikipedia 2019). 
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Transect Ribbon Plots could be used for transcontinental road and rail networks, by monitoring 
serviceability along their lengths. Having an overall picture of the relative locations and scales 
when damage occurs (from flooding or other events) would aid infrastructure maintenance 
planning, rather than relying on local assessments. 

Meaningful involvement of Indigenous people in the management and maintenance of their 
traditional lands is an ethically desirable outcome, with social and environmental benefits. 
Indigenous communities and other researchers and environmental managers could apply and 
further develop the Worldview concept, to maximise the effectiveness of communication 
between the different groups. Worldviews can help communities (including engineers and 
scientists as well as Indigenous groups) with knowledge transmission within and between 
cultures, that may lead to more inclusive environmental management. Note that the Worldview 
concept is not restricted to Australian Indigenous cultures; it could be applied anywhere in the 
world. 

This thesis only looked at one water Story; there are many other types of Story and many other 
locales and communities. The science and engineering encapsulated within IEK sources such as 
Stories could be further investigated collaboratively with relevant Indigenous groups and other 
researchers (linguistics, archaeology, biology, etc). (This multidisciplinary approach is already 
trending: see (Barber and Jackson 2011, Fuller, Norris et al. 2014)). 

There is growing awareness of Australian Indigenous engineering achievement, for instance the 
6000-year-old World-Heritage-nominated aquaculture systems at Budj Bim, or fish traps and 
weirs around much of Australia (Rowland and Ulm 2011, Pascoe 2014). Looking at Indigenous 
Stories with engineer eyes may reveal more examples of engineering achievements. For 
example, Marnpi’s “boom” at Padi Padi Waterhole could be an indicator of a water retention 
weir similar to others in north-west NSW, but this would require archaeological investigation. 

 
An example of a future large-scale project could be to work with other Lake Eyre Basin 
Indigenous communities to explore the IEK encapsulated in their water Stories, and relate it to 
current hydrology: 
 Placenames and meanings, feature origins, records of actual or mythical events, and 

geographic categorisations would be investigated to identify any scientific 
underpinnings, current Indigenous engineering, and potential archaeological sites. 

 Ribbon Plots using WBV and PIE classifications would show flow patterns and 
persistence over time on Country, including changes during the Landsat record, 
(particularly those associated with construction or agriculture). They would provide 
quantitative status monitoring of important waterholes and resources for the 
community and for relevant water management bodies. 

 The IEK in water Stories may also link environmental and flora/fauna events in 
relationships not currently recognised, and improve scientific understanding of the 
ecosystems involved. 

 In addition, water Story cycles would be recorded for the community’s further use 
internally and (if they desired) for the broader social hydrology record. 
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11.4. Conclusion 

In this thesis, the technical stories of the Nguku/KaRirra -Cooper Creek/Wilson River Confluence 
have been combined with Stories of Indigenous tradition plus historical and contemporary 
stories of life on the Confluence, to tell a story of long-terms water behaviour in a complicated 
landscape. 

This work, my thesis story of the Confluence, contributes to: 
 Systemisation of the behaviours of complicated river systems over extended time 

periods, using tools based on geomorphology, remote sensing and ecology concepts. 
 Systemisation of the identification of commonalities, differences and interrelationships 

of knowledge management systems and Worldviews, particularly between the 
academic/scientific and Australian Indigenous communities. 

 Use of IEK and the suite of technical tools to examine flow pattern behaviours over the 
scale of human lifespans (ie decades not geologic or daily/seasonal/yearly scales), 
particularly regarding evidence of anthropogenic changes to flow and persistence. 

Using a suite of new tools, I have determined that some flow pattern changes can be quantifiably 
attributed to human agency. I have also demonstrated that Indigenous Environmental 
Knowledge, specifically persistence, can be quantified. In the process, Indigenous Elders, other 
researchers and I have shared new perspectives (water Stories and their scientific content) and 
ways of approaching Indigenous-Academic/Scientific communications (Worldviews). 

I have proposed further work in technical tool refinement and application of the tools to other 
locations and management purposes. I have also discussed further development of the methods 
for non-hydrological (including archaeological and social science) questions, and how social and 
Indigenous hydrologies may become as normalised as technical considerations in water 
management. 

 

I look forward to sharing some of those sequel, prequel, and spin-off stories in the future. 
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Table 11.1 Summary of Achievements 1 

CH CHAPTER NAME RESEARCH QUESTIONS AND ASSOCIATED QUERIES CONTRIBUTIONS, ANSWERS AND RESULTS WHERE 

2 CASE STUDY OVERVIEW  (INVESTIGATION) What is the origin of the name 
“Wilson River”? 

 Origin of Wilson River name most probably for 1880s 
pastoralists Hector and Norman Wilson. 

2.3, 
A3.3 

4 IEK AND LANDSCAPE 
INTERPRETATION 

 (METHOD) Indigenous Worldview/Environmental 
Science 

 World View conceptual tool (WV) assisted in Ethics process, 
researcher positioning and collaboration. 

4.3.2, 
Table 4.1 

5  WATER STORIES OF THE 
CONFLUENCE 

 (INFORMATION) A selection of Stories  Story Selection for Indigenous, Settler and contemporary 
lived experiences. 

App A2, 
App A3 

6 ANASTOMOSIS 
DESCRIPTIVE TOOLS 

 (TOOL) Landscape Units 
 (TOOL) Extended Stream Ordering 

 Landscape Units tool (LU) 
 Extended Stream Ordering tools (ESO/ESM/TDM) 

6.3 
6.4 

7 CHARACTERISATION OF 
WATER, VEGETATION, 
AND WATERHOLES 

 (METHOD) Check of SILO, Landsat Continuity 
 (TOOL) 3-way Pixel Status Classification 
 (TOOL) 3-way Feature Persistency Classification 

 SILO data vs fieldwork, sensor compatibilities 
 Water/Bare/Vegetation Classification (WBV) 
 Permanent/Intermittent/Ephemeral Waterhole 

Classification (PIE) 

Fig 7-4 
7.3 
7.4 

8 VISUALISATION OF FLOW 
BEHAVIOURS OF 
ANASTOMOSED 
CHANNEL SYSTEMS 

 (TOOL) Graphical presentation of flow patterns 
 (RESEARCH Q) Yotally Waterhole In-stream Dam 

Construction 
 (RESEARCH Q) Tookabarnoo Waterhole Fill 

Direction 
 (RESEARCH Qs) Construction of Adventure Way 

and Interference with Nguku-Cooper Throughflow 

 Ribbon Plots and derivatives 
 Dated persistence change due to dam construction (RQ1: 

Human impact on persistence verified) 
 Changes in fill direction unable to be quantified (RQ1: 

Community Knowledge of flows not verified) 
 Dated changes to throughflows to road elevation (RQ1, 

RQ2: Human impact on throughflows and Community 
Knowledge of flows verified). 

8.2, 8.6 
8.5.1 
 
8.5.2 
 
8.5.3 

9 STORY OF MARNPI  (INVESTIGATION) Indigenous Water Stories 
  (INVESTIGATION) Indigenous Stories and Bird 

Species Differentiation 
 (RESEARCH Qs) Wangkumara Marnpi Story in 

History and Hydrology 

 Wangkumara Marnpi vs Adnyamathanha Marnbi 
 Marnpi flock bronzewing vs Marnbi common bronzewing 

proposed different birds 
 Human use of Nguku/KaRirra (Cooper Creek/Wilson River) 

Confluence water landscape 
 IEK about water persistence in Marpi Story still reflected in 

landscape (RQ3, RQ4: Landscape reflects IEK in Story; IEK of 
persistence verified) 

9.2, 9.3 
9.3.6 
 
Ch 5, 
App A2 
9.4, 95 

 2 
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Indigenous Readers are reminded this Appendix contains names and images of deceased 
persons. Images are restricted to Section A2.3. 

 
A2.1 Country of Marnpi and the Wangkumara – The Traditional Lived Experience 

A2.1.1 Language(s) of the Wangkumara  
A2.1.2 Traditional Lifestyle and Historical Accounts of the Wangkumara 
A2.1.3 Stories of the Wangkumara 
 

A2.2 The Modern Lived Experience 
 

A2.3 People of Significance 
Figures A2-6 to A2-10 - portraits 
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A2.1 Country of Marnpi and the Wangkumara – The Traditional Lived Experience 

Human habitation of the Nguku/KaRirra-Cooper Creek/Wilson River Confluence region 
significantly pre-dates European settlement, possibly back 25,000 years or more (Lance 1992). 
The people of the Kati Thanda-Lake Eyre Basin (and beyond) had extensive trading networks 
along Australia’s inland rivers (Flood 1983, Horton 1996, McBryde 2004, Smith 2005, Kerwin 
2010, Smith, McBryde et al. 2010). Archaeological and early settler evidence suggests groups 
numbering in the thousands occupied the region for many thousands of years (Tolcher 1985). 
They adapted to changes in climate (including ENSO cycle intensity) through mobility, seasonal 
migration, and rudimentary food rationing and storage methods. In times of plenty, high 
populations lived by the waterholes, but during leaner, drier times, groups would disperse into 
the surrounding country, to match population density with the resources available (Williams, 
Ulm et al. 2010). 

Immediately prior to European Settlement, the Confluence was mostly the country of the 
Wangkumara. The people of the Confluence area built large permanent houses and storage 
huts, and harvested a variety of seeds and grains both for immediate use and for storage; 
some may have been cultivated (Pascoe 2014). But they do not seem to have been able to 
store grain for extended periods as it would turn mouldy (Jones 1979). It is thought that at the 
time of first contact with Europeans, changes in harvesting techniques and strict cultural 
hunting and fishing restrictions indicated growing environmental stress (Allen 1968, Jones 
1979, Hamm 1989, Nobbs 1992). For these Indigenous communities, being able to correctly 
read and predict conditions was vital to survival. 

Modern Wangkumara Country extends from the far northwest of New South Wales (Mt 
Browne/Tibooburra region) to Eromanga, Queensland, and from the Innamincka region of 
South Australia, to the Grey Ranges in Queensland. Thus their territory spans three Australian 
States, with very different colonisation histories. In particular, the KaRirra (Wilson River) and 
the Confluence reach of Nguku (Cooper Creek) lie in Wangkumara Country. 

 

A2.1.1 Language(s) of the Wangkumara 

This thesis focuses on the Wangkumara language of the KaRirra-Wilson River area, and what 
Stories, ceremonies, words, and phrases about water the last fluent speakers thought was 
important for linguists to record. It should be noted that although many Stories are still in 
active circulation, the Wangkumara themselves acknowledge there are no longer any fluent 
speakers of the Wangkumara language (Ebsworth 2015). Sadly, in some cases, the only 
remaining record of ceremonies and ceremonial objects is early Settler writings about what 
they had witnessed or destroyed; see for example (Nobbs 1992). 

The name Wangkumara (“southerners”) is collective term for a large number of small groups 
with similar language and cultural characteristics that lived in the Wilson/Cooper/Tibooburra 
region. The name covers the Punthamara towards Mt Margaret, Mamwura around Naryilco, 
Diraila from Padi Padi to Noccundra, Tubah at Baryulah, and the extinct Diritjangura for an 
area of the Cooper south of Durham Downs, known only from one 1898 map (Hercus 2010). 
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Early linguistic efforts confused Wangkumara language with that of their eastern neighbours 
the Kallali, and there are commonalities with the adjacent Malyangapa, Kungardutyi, and 
Punthamara (Curr 1866, Hercus 2010). Indeed, Talpali George McDermott (Figure A2-6) was 
recorded as having said “Wangkumara, Punthamara and Kundardutyi are three languages but 
they are all the same. Kungardutyi speak with a bit of a twang” (pg 29)(Hercus 2010) 

The Wangkumara language had an extensive vocabulary about their Country and its water 
features. For instance, Wangkumara man Wilpi George Harrison (Figure A2-6) told how each 
waterhole in Wangkumara Country once had its own name, but he was sad that he was the 
last person to remember them and their meanings. Amongst others, he spoke of Warri Warri 
being “woman” or “girl”, and Tooka-barnoo being “sugar-bag” (Hercus 1971). Thulia was the 
word for “mussel” with two neighbouring waterholes carrying the names Thuliula and Little 
Thuliula (Goodall 1996) – presumably Tooley Wooley and Little Tooley Wooley. 

During their explorations of the landscape, the European parties sometimes recorded location 
names in the local Indigenous dialects (Hercus, Hodges et al. 2002, Hercus and Koch 2009). 
However, the lack of a common language and the consequent mis-hearing or mis-
understanding of what their Indigenous interlocutors were trying to say meant many 
placenames were corrupted in translation. Loss of languages as a result of European 
settlement policies has impacted on the ability to correctly locate placenames contained in 
Indigenous Stories and Settler accounts. It is no longer possible to interpret the meanings of 
many placenames (Hercus and Koch 2009). 

Fortunately, Europeans in the Confluence area continue to use the Wangkumara names, but 
unfortunately not all were formally recorded and few meanings have survived. The most 
prominent surviving word is nocca/nacca/ngaka meaning “water”, which appears for example 
in the names Nockatunga (“stinky water”), Noccundra, Naccowlah (“two waters”), and 
Nockaburrawarry; see also Chapter 9. 

 

A2.1.2 Traditional Lifestyle and Historical Accounts of the Wangkumara 

The river now known as Cooper Creek passes through many Indigenous groups’ Countries 
along its 1200km course, and has many names in their associated languages. The Wangkumara 
call it Nguku (Phoenix 2015). The Wangkumara name for the Wilson River is Kayirra or KaRirra. 
The pandara (“plain”) at the Confluence is covered in purdripurdrinya (“lignum”) and kukathiri 
(“sandhills”). There is also warnawarna (“swampy country”) at the junction of the two rivers, 
which corresponds to Middle Swamp and the Cooper Bend Wetlands (Hercus 1971-1972, 
Hercus 2010, Hercus 2014). 

The Wangkumara people’s use of Country revolved around sources of water (Hercus 2010). In 
Wangkumara language, weather and seasonality were expressed as yawurra 
(hot/summertime) or kalerra/thilaba (cold) (Hercus 1971). There would be seasonal 
movement, driven by the presence of water, from the alluvial plains around permanent 
waterholes, into the sand dune and channel breakdown areas with their temporary water 
storages, and back across the plains to the waterholes as moisture evaporated (Jones 1979). 
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European explorers acknowledged they used native tracks and routes in their travels, and 
these routes are reflected in today’s road network (Kerwin 2010). 

Several hundred people might walk along well-formed tracks to gather at ceremonial sites 
during a summer wet season when rain and flood provided ample food and water (Allen 1968, 
Lance 1992). Provisions would also be stored, including in clay huts and bark containers. But 
for most of the time, particularly in dry winters and frequent droughts, the population would 
disperse into groups of 20-40, to reduce demands on the diminished single-point resources 
(Allen 1968). A complex set of obligations and responsibilities allowed neighbouring groups to 
access each other’s water and food resources in times of emergency (Lance 1992). 

The archaeological record of a relatively high population, and what the Wangkumara 
themselves say, is reinforced by the observations of European explorers in the mid-1800s. A.C. 
Gregory (1858) commented that although he only observed “about 100 men, a few women 
and children”, in “small scattered parties” he estimated at least a thousand visited the banks of 
the river (31 July 1858)(Gregory 1858). McKinlay (1861) also continually wrote of 
encampments of a few to 200 “natives” including women, men and children, “in good 
condition”; on November 4 he recorded that they were “mustering about fifteen miles south of 
this [on the way to Cooper’s Creek Depot] for a grand weima or corroberrie, and … they are 
gathering in from all quarters.” Their ability to use country in all seasons was noted, for 
example, at one of McKinlay’s camps not far from Burke’s grave he described how a well had 
been dug to access clean water when lake water was too murky: 

“On the north-east side of the lake is a well dug by the natives about ten to eleven feet deep with 
about one foot of water at present in it and good. I suppose a considerable quantity could be had 
if the hole were enlarged. Close by there was an encampment of blacks, in all about a dozen, not 
the same apparent well-fed fellows that frequent the lakes and main creeks. From enquiry it 
appears that during the dry season this is the sort of water they have to depend upon, and I think 
the wells are few and far between.” (27 November 1861)(McKinlay 1861). 

To aid travel in dry times, the Wangkumara and their neighbours developed mura, or 
“travelling stories”, in other words, Stories with geographical information that can be used to 
guide a traveller (See Chapter 4). In addition to the navigational functions encapsulated in 
mura, the Kati Thanda-Lake Eyre Basin Indigenous peoples also developed another navigation 
tool, the toa, which conveys time and landmark information about a journey and the territorial 
and mythological environment through which it progresses. Toas are a technological response 
to the challenge of communicating landscape and hydrological information. They are a coded 
4-dimensional representation of a landscape, and include symbols for direction, topography, 
geology (rocks), vegetation, human constructions (paths, lines of stones), and time-to-transit. 
Toas can also be used as invitations, or as passports, and are particularly useful for locating 
water in unfamiliar terrain (Kerwin 2006, Kerwin 2010). Figure A2-1 shows a toa for a journey 
along Nguku. 

Food resources would follow a predictable cycle: immediately after rains or a major flow 
event, usually in yawurra, animal food in the sandhills (small reptiles and mammals) would be 
exploited. As the water dried, the emphasis would switch to plant food, which would likely 
have its shortest growing season in the sandhills. As the water retreated further and the plants 
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near the waterholes produced fruits and seeds; there would be heavy exploitation and 
storage. As the weather cooled to kalerra and the landscape returned to dry, groups would 
return to refugia and use a wider range of less preferred foods (Jones 1979). A pirrala (shovel) 
might be used to kurpa (dig) down at a pulpina or yurrpa (soakage) to obtain water (2554A in 
(Hercus 1971-1972). Indeed, the Wangkumara excavated and maintained deep “native wells” 
in otherwise dried-out country, enabling year-round travel between increasingly isolated 
waterbodies (Jones 1979). 

 

 
Figure A2-1 The Lake Gregory toa from the Lake Eyre Basin, providing coded direction, distance and 
timing information about a journey along Nguku/Cooper Creek. (From (Kerwin 2006), after Art and 
land: Aboriginal sculptures of the Lake Eyre Region by Philip Jones & Peter Sutton with Kaye Clark, 1986). 
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The German Settler Carl Jung brought cattle to Nguku-Cooper Creek in the region of the 
Confluence in the 1865. His journal was translated by C.W. Nobbs in 1992. Jung writes of his 
arrival at his chosen Confluence waterhole: 

“Most certainly our arrival had been awaited for some time. The Australian Aborigines were 
informed of our movements in advance by their peculiar telegraphy using smoke and fire. They 
were the lawful owners of the hunting grounds which I claimed for my cattle.”(pg 134)(Nobbs 
1992) 

Jung stayed at the waterhole for several months, and his writing goes on to describe in detail 
the fine physical appearance, clothing, hairstyles, equipment, and some customs of a large 
Indigenous group, with whom they traded fresh beef for “fish, rats, lizards and roots. Not 
particularly dainty morsels” according to European standards, but “quite acceptable as a 
change from the eternal beef menu” (pg 134). Jung’s group also allowed them to take 
discarded glass and other items, that could be repurposed into cutting edges. He goes into 
detail about the “rarely seen” string that had been spun from human hair, up to 200m in 
length, without understanding its true significance as a physical and spiritual connection to 
their ancestors, with uncounted generations each ceremonially contributing hair to the thread. 

The Indigenous people communicated with Jung through the dialects of the Paroo and 
Warrego areas, that were already known, and through sand drawings (and later on paper). 
Topics included “flows and breadths of the rivers and creeks; the relative heights of the hills; 
the distance of fixed points, and the relationship between those points” in a manner that 
impressed Jung with its precision (pg 136)(Nobbs 1992). 

Drought was, and remains, a significant concern for the Confluence. An interesting ceremony 
to address a difficult dry period was recorded by Jung, unfortunately without date information: 

“One day, while still a great drought prevailed, hundreds of visitors arrived from the north and the 
north-west. They often used this same ceremonial place to call the rain down from heaven and 
were invited by our neighbours who were the actual rulers of this hunting ground. …” 

“The men distanced themselves approximately 500-600m from the camp to find an empty site, 
and dug a depression four metres long, three metres wide and approximately one meter deep, 
Others dragged heavy wooden logs to build a cone-shaped hut covered by small branches and 
grass with a low, narrow entrance. Two large stones from the nearby creek were placed in the 
middle of the hut. The old men took their places inside, while the younger men sat down outside. 
One of the youngest went to the camp to fetch the women. They came and without speaking a 
word, looked at the structure, looked inside the hut and then removed themselves. As soon as the 
women had returned to the camp, the elders called two young, strong people outside and bound 
the veins of their upper arms. One of the oldest, perhaps the most significant and influential of 
them, took a sharp stone and opened the veins. The blood spurted onto the densely gathered 
group. Those who were bleeding threw handfuls of down feathers from already prepared nets 
over the others. The feathers stuck onto the wet bodies. The women reappeared to look at the 
men who now were covered with blood and feathers. The two youths who had been operated on 
then took the two stones, carried them miles away and hid them in the highest branches of a tree. 
Those staying behind collected slices of the so-called ‘women’s ice’ that lay in great quantities on 
the distant mountain range [quartz? mica?], pounded it, then scattered the power into the 
waterholes. One thing remained to be done: the destruction of the hut. … Then it was back to the 
camp to dance. On that night of the full moon, the dancing lasted until the early morning.” 
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“A young, intelligent Aboriginal…explained that the blood sprayed around signified the rain, the 
feather down signified the light clouds and the stones signified the heavy pregnant rain clouds. 
The destruction of the jut symbolised the breaking down and flow from the clouds, and the fall of 
the hut represented the fall of the rain. … The good spirit ‘Muramura’ saw these ceremonies, 
collected the clouds and the rain poured down” (pg 136-137)(Nobbs 1992) 

During the weeks that followed, Jung “lost our closest neighbour on the Wilson” and the 
Indigenous group had long scattered. But: 

“At last the rain came and in the torrents as is usual in Australia. We retired a reasonable distance 
away to the sandhills or plateau behind us. Soon everything around us was transformed into a 
surging expanse of water. We were on one island with our horses, cut off from our herd… The 
water soon subsided again, but we remained stranded on our island as the black, soggy flats were 
impassable and the treacherous beds of many small creeks restricted us on all sides.”(pg 
137)(Nobbs 1992) 

Unfortunately, there would not be a happy ending. The Indigenous group reappeared and 
started destroying Jung’s cattle, trapped on other islands. When the land became dry enough 
to cross, Jung and his party attacked back. The men swam and ran away, leaving behind the 
women and children and all their possessions. Jung took those possessions, keeping only some 
weapons, and burned them in retribution, ensuring especially that “last but not least, the small 
knitted net bags with magic bones and red ochre” and other “amulets” (p137), including the 
hair strings, were turned to ash. Later, Jung regretted his actions as he came to understand 
they had acted only to protect their country from the intruders and their beasts (Nobbs 1992). 

Like Jung but 60 years later, McFarlane knew about large rainmaking ceremonies by the 
Cooper’s Indigenous populations. But she did not see any; whether because the Durham 
Downs traditions did not include women unlike in Jung’s account, or because the ceremonies 
were already passing from active memory: 

“About the big ceremonial ground where they had the rainmaking ceremonies, corroborees. … But 
it had not been used for a long time but you could still see how they had laid it out in sections and 
at every comer of this - we’ll call them rooms for the want of another word, the stone would be 
say this high and pointed and it would’ve been pointed by the men themselves rubbing it down 
with stones. They would’ve worked on it with stones. And in a cave nearby, and some of the men 
found the cave but there was nothing in it of importance, but in that cave the Rain God lived and 
when a drought came and this would have happened way way back, long before white men ever 
lived there, when a drought came, they would go out to this place and have a corroboree and the 
Rain God would come apparently to the corroboree and they would call for rain. While I was there, 
there were no ceremonies taking place there but it was so sacred to the men folk that the women 
must not go. They must never see it. They must never speak of it. They must never see it a photo of 
it. And not knowing this, I had taken photos and I had the prints and I said to Ada, oh I took some 
photos at -I can’t remember the name of the place, and I held it out. Oh, she said, no - no narcoo 
[girl]. No. No. No. I mustn’t look. Mustn’t look.” (pg 40-41)(FitzSimons 2008). 

These reports show that in traditional Wangkumara society, there were alliances between 
neighbouring groups for ceremonies, and male/female young/old divisions of labour. The 
ceremonies described by Jung were shared by men with a man (Jung), but women played a 
significant role, possibly conducting their own business back at camp. By the time of 
McFarlane’s account, either the female role had been lost, or she was dealing with a different 



APPENDIX A2 – THE INDIGENOUS LIVED EXPERIENCE OF THE STUDY AREA 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page A2-8 
 

cultural group; the men by this stage may have been protecting remnant sacred sites from 
Settler vandalism. 

The division of labour is apparent in observations of Wangkumara methods of food gathering. 
Wangkumara women would make warnu/barnu (dilly bags) and nets, using twine from plant 
fibres soaked for up to a month (Kamien 1971). Women or old men would employ the small 
birli (fishing net) whilst swimming. The larger (two-metre) two-man purungarra would be used 
by men to catch fish across water channels. The dual-purpose walkira (duck net) would be 
submerged across a channel to catch fish overnight. In the morning, it would be raised higher 
across the channel to trap ducks that hunters chased into it (Hercus 1963-1965, Hercus 1971-
1972). Figure A2-2 illustrates the method. 

 

 

 

Sturt records the method of fishing, and his surmise that the “natives” practiced sustainable 
fishing, during his 1845 journey: 

“There might, however, have been fish of large size in the deep pools of this creek, 
although I would observe that I had two reasons for believing otherwise. The first was, 
that, the meshes of the nets used by the natives, of which we examined several hanging in 
the trees, were very small, and that among the fish bones at the natives' fires, we never 
saw any of a larger size than those we had ourselves captured, and it was evident that at 
this particular time, it was not the fishing season. I was led to think, that the water in 
which we noticed so many swimming about, was sacred, and that it is only when the creek 
overflows, that the fish are generally distributed along its whole line, that the natives take 
them.” (2 November 1845)(Sturt 1847). 

Other fishing methods have also been noted. Duncan-Kemp in (Lance 1992) reported that, in 
addition to fishing and hunting using nets, the Wangkumara used multi-pronged fish-spears 
and throwing spears. Lines of poles and stone walls that seem to be set up as fish traps have 
been found along the Nguku and nearby rivers, around Wangkumara country (Rowland and 

Figure A2-2 Hunters frightened a flock 
of ducks along the river towards a net. 
By throwing boomerangs above the 
flock to imitate a hawk, the hunters 
forced the ducks to fly down into the 
net. Artist: G Aldridge, 1988. This 
picture illustrates a similar method to 
that used by the Wangkumara for 
hunting ducks using nets, from the 
Ngarrindjeri (Murray Mouth) region in 
South Australia). Source: 
https://www.samuseum.sa.gov.au/gall
ery/ngurunderi/ng3htm.htm#FISHING 
downloaded 10 June 2018. 
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Ulm 2011). On 6 January 1861, Wills made note of a fish trap in the bed of a small creek near 
Nguku: 

“a small oval mud paddock, about 12 feet by 8 feet, the sides of which were about 9 inches 
above the bottom of the hole, and the top of the fence covered with long grass, so 
arranged that the ends of the blades overhung scantily by several inches the sides of the 
hole”. (6 January 1861) (Wills 1863). 

During large flows or floods, the Wangkumara built bark canoes to cross deep water in the 
Nguku or KaRirra. Sturt recorded how a “native” explained their use: 

“On asking if the natives used canoes, he threw himself into the attitude of a native 
propelling one, which is a peculiar stoop, in which he must have been practised. After 
going through the motions, he pointed due north, and turning the palm of his hand 
forward, made it sweep the horizon round to east, and then again put himself into the 
attitude of a native propelling a canoe.” (31 October 1845)(Sturt 1847). 

Post-Contact, the Wangumara would stretch tarpaulins over wood frameworks, which they 
would then use to transport equipment kanulanga (in the boat) and “shift cattle out of the 
water they won’t drown…they won’t last there if they eat the grass out they are poor and die” 
(Talpali George McDermott in transcript (Hercus 1968)). 

The use of boats, fish traps, and fishing nets required familiarity with swimming. Language 
elicitation would often cover swimming (2555A 40:35, 2556A 3:15, and 2552 B35:10 in (Hercus 
1971-1972), 2 48:05 in (Mathews 1971), and (Mathews 1994)). Children were permitted to 
play in water, and adults with the appropriate preparation by Elders would swim across 
waterholes during fishing, hunting and journeying. As described by Sturt in his journal entry for 
30 October 1845, men would expertly swim and dive for mussels (Sturt 1847). 

The dangers of water were also recognised. Children and visitors were taught not to approach 
the edges of waterholes which even today can be treacherously muddy and steep. A 
watersnake muda - not to be confused with the Rainbow Serpent Creator spirit - had lived with 
the Wangkumara at a deep Nguku waterhole called Nagamaru, near Gabranara Gali (probably 
Durham Downs Waterhole), at a centuries-old camping and ceremonial site. When he at last 
left the Wangkumara, he became a Parditha, a Great Watersnake that lived in the waterholes 
and would take any swimmer who had not been correctly presented; if an Elder had prepared 
and introduced the swimmer, they would be safe (Hercus and Beckett 2009, 
TibooburraKeepingPlace 2013). During fieldwork, I was advised by the Tibooburra 
Wangkumara Keeping Place representative to always introduce myself to the Great 
Watersnake when approaching waterholes, to ensure my safety: 

ngabeda angagu giredja (“It’s me, I’ve been reared here”) 

Post-contact, and whether caused by drought, or by disease from contact with Europeans 
either directly or through trade routes, it seems many Indigenous people died in the mid-
1850s, and this was possibly the fate of the unknown Diritjangura of the Durham Downs region 
(Hercus 2010). Other explorers had not reported unusual mounds in the vicinity, but in 1858 
Gregory observed: 

“On Cooper's Creek the graves are mounds of earth three to four feet high, apparently without any 
excavation, and surmounted by a pile of dead wood. In the last-named locality the number of 
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burial mounds which had been constructed about two years ago greatly exceed the proportion of 
deaths which could have possibly occurred in any ordinary season of mortality, even assuming the 
densest population known in any other part of Australia; and it is not improbable that the seasons 
of drought which proved so destructive to the tree vegetation higher up the river may have been 
equally disastrous in its effects on the aboriginal inhabitants of this portion of the interior.”         
(31 July 1858)(Gregory 1858) 

 

A2.1.3 Stories of the Wangkumara 

In this thesis, Chapters 4 and 5 discuss Stories and cultural practices relating to water in 
general (both its presence and its absence), and Chapter 9 focusses on a particular 
Wangkumara Story. 

The Nguku/KaRirra Confluence and the neighbouring Grey Ranges are home to Indigenous 
Stories linking flora, fauna, landscape and human behaviours along thematic lines. Within this 
cultural environment, the Wangkumara have many Stories that relate the origins of their 
treasures – water and good fishing, gold, opal and fire. “Nobody could hide the Cooper, but for 
a long time no-one else was aware that they owned gold, opal and fire.” (pg 18)(Mathews 
1994). 

The main Story investigated in this thesis is the publicly-available Story of Marnpi the 
Bronzewing Pigeon, as told by George Dutton (Figure A2-7). This mura names sites stretching 
from the southern extent of Wangkumara Country, Gambigambi (Mt Browne, far northwest 
NSW), to the eastern extent at Walbinga (a ceremonial site in the Grey Ranges), and includes 
part of the KaRirra catchment and the channel breakdown area at the Nguku Confluence (see 
Chapter 9) (Ferguson 2016). Marnpi steals water from a community waterhole at Gambigambi 
and flees northeast through Wangkumara Country, stopping at a series of landmarks, and 
spilling the water along the way. Marnpi dies a lonely death at Walbingu and turns into gold, 
one of the Wangkumara treasures. This origin Story is discussed at length in Chapter 9 and is 
repeated in Figure A2-3 for convenience. 

There are similar publicly-available Stories of another bird, the Pelican. Three are related here. 

The Creator spirit of the Wangkumara had started turning into a pelican, and people were 
afraid he had been possessed by an evil spirit. They chose Three Brothers, also eminent muda, 
to kill him at Tibooburra. His relatives warned him to leave, but before he could depart the 
Three Brothers speared him. He desired to die in his own Country, and turning into a pelican, 
he flew north. As he flew, his drops of blood turned into gold. Where he rested, hills arose. 
Where he spilled his pouch, the water with its small fish became Nguku, a good fishing place. 
The pelican’s last stop was a tree which grew into a mountain, and where his blood turned into 
gold. This Story tells of the origin of Nguku with its prolific aquatic life, and the Barrier and 
Grey Ranges, and presumably the original version of the mura detailed the landmarks along 
the journey (Mathews 1994). 

Another Story features Guba Walga The White Lady, the pre-eminient Wangkumara women’s 
Creator spirit. A Cleverman and a spirit came to visit Guba Walga in her form as a quartz 
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statue. The spirit was turned into kabungara (“pelican”). Filling his pouch with the water that 
was pooled at her feet, he flew to the hills near Nguku. During one of his rest stops, he was 
injured by spears and from then on, the water leaking out of his pouch became gold, and the 
drops of his blood became opal. Kabungara, weakened by injury and exertion, died on 
Gabranara Gali, “a hill close to Cooper’s Creek” (Bald Hill, close to Durham Downs), spilling the 
last of his blood and water; the location is still closely guarded. The Wangkumara people would 
make pilgrimage along kabungara’s path and ensure the shining opal and gold would continue 
to be hidden (Mathews 1994). This Story is similar to the Marnpi in that a bird absconds with 
water, spills it during its journey, and dies of exhaustion in the hills around the Nguku. Again, 
the mura provides route information from Tibooburra to the Nguku/KaRirra region, this time 
using shining stones to indicate campsites from the southern extent of Wangkumara Country 
to the northern extent. 

To explain the final treasure, fire, the Wangkumara sent another Pelican to the Northern 
Territory. On the way, he fell ill, and rested in some amazingly coloured dry and rocky country. 
He pecked at the coloured stones, which were opals, sparking a grassfire that burned towards 
some people camped beside Nguku. This was the gift of fire that enabled the Wangkumara to 
cook their food (Mathews 1994). 

The Wangkumara also used to sing the Wardruwampu (“Duck Egg”) and Ngarawampa 
(“Waterfowl Increase”) mura, to ensure an ongoing plentiful supply of ducks and eggs, both 
important dietary sources of protein. These extended along the KaRirra from east to west, 
passing through Nockaburrawarry, a significant sacred site that also lies on the Wangkumara 
Initiation History, and included geographical links between sites (Hercus 2010, Hercus 2014). 

Wangkumara Elder Malcolm Ebsworth recalls a Story about the Creator Snake coming down 
the Nguku. She went into Lake Yamma Yamma to lay her eggs, then went away again. When 
the eggs hatched, the baby Creator Snakes all travelled downstream and the myriad small 
channels they created are still evident today as the river’s Channel Country. This Story 
belonged to the people of from the area where Durham Downs is today, and the details are 
lost; the Story was summarised by Mr Ebsworth who had heard it some decades previously 
(Ebsworth 2015). 

The Wangkumara possess several Stories that reveal the importance of rain and rainmaking to 
the people of the drylands around the Confluence. 

The 1880s gold rush town of Tibooburra (“Place of Stones”) is surrounded by granite boulders. 
Once, according to the Wangkumara Story, there was a group of Wangkumara camped at 
Tibooburra. Some men from Innamincka (possibly from the neighbouring Yandruwandha) 
came to request some rainstones, for use in rainmaking ceremonies. The Wangkumara 
refused. As a consequence of failing to observe the custom of sharing rainstones, a mystical 
hailstorm turned everyone present into stone. (Mathews 1994, TibooburraKeepingPlace 2013). 
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George Dutton’s telling of the Wangkumara Marnpi: (pg29-30)(Beckett 1978) 

One time when the old pigeon came down – the madi they called him, but he was a man then – he came down all the way 
from the Bulloo right away down to Mt Brown. He camped there and he come over to Mt Pool. There was a big mob of 
people camped there, all mixed. Then a kid said: ‘Who is that skinny looking man?’ (He was talking Wonggumara.) He 
turned round and he said: ‘I’m only just travelling’. An old feller said to him, ‘Come closer, make your camp’. Anyway, he 
had a feed – they give him the tucker. ‘Good!’ he said. (He was talking Gungadidji now.) He turned in that night. He took 
the water bag down. Then he said to the water: ‘Come this way, water’. So all the water came in from the three water 
holes into the bag and the bunyip too. He started off that night. When he got to Good Friday: ‘I think I will camp here’. 
Then he went on to Tibooburra: ‘I think I’ll camp here’. Then he went on from there to Ngurnu. When the Mt Pool fellers 
got up next morning – no water. ‘Hey, get up! No water here. Come on, we’ll follow that bloke’. So they set to work and 
followed him. ‘Oh, bugger him!’ Anyway, away he went. He went from Ngurni to Jalbangu. He went from Jalbangu to 
Woodburn. Then he went from there to Tickalara. Then he went from there to Little Dingara. Then he went from there to 
Draja [Bransbury/BransbyStation]. Then he went from there to Warali. Then he went from there to Graham’s Creek. Then 
to Paddy-paddy, then just this side of the Wipa hole. He camped in the creek and made his camp there. He hung his 
water bag up. The snake started to move: he bust the bag. Then the old Bronze Wing away he goes and banks the water 
up so the water won’t get away. Then the water washed the bank away. He tried to bank it up with a boom. ‘Ah, bugger it, 
let it go’. It all ran into Paddy-paddy. He called it the gugu then. Then he went on to Madawara (gidgee) Creek. He went 
on from there to what they call Wipa hole. He left all his feathers at Widhu [Hook Creek]. Then he went up from Hook 
Creek to Walbinja and this is where he died. He’s standing up as a stone, but the gold is away to one side. 

Figure A2-3 The Wangkumara-
Punthamara Story of Marnpi 
the Bronzewing Pigeon, traced 
over the modern geographical 
landscape. 

Yellow dashed outline is extent 
of DNRM Landsat tiles for this 
project, and  markers are the 
analysed waterholes. 

Blue dotted line is approximate 
flowpath of the Wilson River. 
Cyan line and  symbols are 
approximate route and 
locations along Marnpi’s 
journey. 

Imagery courtesy Google Earth. 
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Another origin Story for a rock feature important to rainmaking at Tibooburra is the Story of 
the Three Brothers. This tells how three muda (“Creator spirits”) had lived as ga:gu 
(“brothers”) with the Wangkumara, taking messages across the territory from Innamincka to 
Tibooburra. East and west of the Nguku lived the Dhinewa and Calbera subgroups, with strict 
rules for visiting each other. One day the brothers were caught illicitly swimming across the 
river to visit women of other groups, including the neighbouring Galali (Kallali), a traditional 
enemy. They were executed at Tibooburra, where the whole community had travelled to 
witness. The brothers were turned into three rock formations, and in this form the muda 
continued to be revered. They would grant requests for more (or less) pirta (“rain”) and 
provide guidance in finding ngaka (“water”) and kuwa (“fish”). Their head stones would shine 
by sun and by moon, as they had been good men during their lifetimes, and the rock from 
which they were made was reputed to contain gold (Mathews 1994, Hercus 2010). 

There is a contemporaneous record of a successful Wangkumara rainmaking ceremony on the 
Nguku/KaRirra Confluence, during a prolonged drought in the 1860s, which was followed some 
weeks later by heavy precipitation on the parched floodplain (Nobbs 1992). It is plausible the 
Elders in charge of organising the ceremony were able to read the subtle environmental signs 
of approaching rain cycles (Elkin 1994). 

Wangkangurru/Arrernte Cleverman Irinyili Mick McLean (Figure A2-8) told an interesting Story 
about a “gate” at Nguku’s junction with Strzelecki Creek, at the Wangkumara border with 
Yandruwandha/Yawarawarka territory (recorded on Tape 119, 2 Sept 1967 and reproduced in 
Hercus’s unpublished Wilson River notes) (Hercus 1967, Hercus 2014). This “gate” could be 
sung to direct water to flow either down Nguku (Yandruwandha name Kinipapa) or down 
Strzelecki Creek. “Whitefellow wouldn't believe that because they've never seen it.” Two kuti 
ularaka (special singers) would stand atop sandhills on either side of the river: 

“both singing the same thing except each one puts in his own name, but they are singing 
the same song sort of lifting that bank up. Doesn't matter how much force there comes in 
the stream, there will be nothing coming down, all turn off into the other creek then.” 

The next day, the flow in the Nguku/Kinipapa would stop; later the “gate” could re-open the 
channel “when they have had enough water all through those big lakes and swamps” From 
Strzelecki Creek. There is geological evidence that Strzelecki Creek sometimes diverts Nguku 
water to Lakes Blanche, Callabonna, Frome and Gregory rather than to Lake Eyre, but currently 
that path is blocked by flood deposit sills and sand dunes (Wakelin-King 2013). There is also 
archaeological evidence that Indigenous peoples in the Lake Eyre Basin constructed banks, 
weirs and booms to direct water. Whilst outside the timeframe and strict study area boundary, 
this Story of a water gate hints that the Wangkumara and their neighbours may have 
constructed large-scale hydraulic structures. Alternatively, that they were witness to avulsion 
events, to which the Nguku/Strzelecki junction is still vulnerable. 

In Warwick Jones’s 1979 study of the Cooper Creek (sic) area, he stated that he did not find 
any bird stories, just stories about fish and small mammals. This is remarkable as the duck, 
bronzewing, and pelican Stories are amongst the most significant in the known Wangkumara 
canon (Hercus 1963-1965, Hercus 1967, Jones 1979, Mathews 1994, Hercus 2014). It may be 
that the information was not available to him, as many linguist tapes were only being recorded 
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in the 1970s. Or he asked the wrong people, or asked at the wrong time, or in the wrong place 
(see Chapter 4). The Stories, of which this thesis has quoted only a small sample, do not form 
separate individual linkages between sites, but weave a web of cultural and environmental 
interconnections, particularly regarding water sources. 

All these Stories speak of long-distance travel across landscapes that later European explorers 
would find difficult to traverse due to lack of reliable water. They relate to mystical 
appearances and disappearances of water in channels and waterholes, methods to obtain rain 
using rainstones and/or requests to Creator spirits, and methods to retain and control water. 
The Three Brothers continue to provide advice on routes with water. Concerns with water 
location, presence, persistence, retention, and disappearance are congruent with a highly 
variable river regime and a limited number of reliable water sources in this part of the 
Nguku/KaRirra catchment. 

 

In summary (and confirmed through archaeological, historical and community sources) the 
Wangkumara were traditionally extremely dependant on the Nguku/KaRirra water system, and 
have developed a culture that sustainably exploits resources during highly variable and highly 
seasonal rainfall and flow regimes. Their water-related skillset and technology includes 
swimming and boats (for deep waters), nets (for water-filled channels of various sizes), wells 
(dug and maintained in otherwise waterless expanses), possibly hydraulic structures (fish 
traps, dams and weirs), and physical and mental landscape maps (toas, muras). Ways to deal 
with droughts and floods have been incorporated into the Wangkumara culture, in the form of 
origin and travelling Stories, and rain and river diversion ceremonies, since Pre-Contact times 

Forays by Europeans into the Confluence area in the 1800s generated consistent descriptions 
of healthy “natives” which correlated to Wangkumara information on the local Indigenous 
lifestyle. Except during dry times, men, women and children were living in villages with 
abundant and varied food sources. Small groups would disperse in dry times but still 
communicate over long distances. Groups were travelling confidently across expanses with 
little surface water in dry periods, with long-distance knowledge of water sources and flood 
conditions. And coordinated groups were congregating in large numbers for major 
ceremonies. But during drought times, the descriptions were of numerous grave mounds and 
sickly, weak remnants of communities. Although whether caused by the dry conditions, or by 
introduced diseases taking their toll on stressed populations, is hard to say. 
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A2.2 The Modern Lived Experience of the Wangkumara 

Pastoralism on the Confluence started in the late 1800s, with the arrival of European settlers. 
The current Wangkumara peoples are direct descendants of those who were forcibly 
dispossessed of their lands, or massacred to make way for the pastoralists (Beckett 1958, 
Huggonson 1990, FitzSimons 2008, Ebsworth 2009). 

The Wangkumara Keeping Place in Tibooburra (Figure A2-4) is used to display artefacts and 
posters about the Wangkumara nation’s key individuals, history, and traditional lifestyle. There 
is a large display about Ngaka Cecil Ebsworth (1919-1991), who worked to keep the language 
and culture of his people alive. The Keeping Place was not open in 2013 and was staffed by a 
non-Wangkumara caretaker in early 2014, at time of visits. 

 
Figure A2-4 Wangkumara Keeping Place, Tibooburra. Photograph by D.Kucharska, 13 June 2013. 

Many of the persons suggested by the neighbouring National Parks and Wildlife Service office 
during 2013 fieldwork had not been on Country for many years and no longer knew language, 
with everyone nominating Ngaka Cecil Ebsworth’s son Malcolm Ebsworth as the authorised 
Wangkumara contact. Through a personal introduction by linguist Dr Luise Hercus (Figure A2-
12), he agreed to share information with this project, in accordance with the subsequent Ethics 
Approval (see Appendix A1). 

Wangkumara Elder Malcolm Ebsworth (Figure A2-12), son of Ngaka Cecil Ebsworth, lives in 
Eromanga, and maintains strong links with Country. He is one of the last Wangkumara to be 
born and raised on Country. He worked as a stockman, which allowed him to be educated in 
on Country in the traditional way. Now retired and in ill health, he still travels when able and 
passes on culture to the younger generations (Ebsworth 2015). 

Malcolm’s younger brother Hope Ebsworth (Figure A2-11) works with Santos as an Indigenous 
Liaison Officer, and is also a published author (Ebsworth 2009). He has researched 
Wangkumara history, particularly the dispossession era. Hope is also very involved with 
teaching younger generations (Ebsworth 2013). He spends time identifying sites and organising 
protection from oil and gas exploration, although he is sometimes frustrated that accidental 
damage or vandalism occurs.  
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Apart from sharing aspects of the Marnpi Story, Malcolm and Hope both expressed the same 
concerns as those expressed in Tully and Day’s work in the catchments immediately east of the 
Nguku/KaRirra region (Day 2014, Tully 2014). Namely, watercourse and vegetation 
degradation, restoration of native flora and fauna, and manual techniques to restore human 
connection to Country (Ebsworth 2013, Ebsworth 2015). Indigenous Traditional Owners and 
Custodians worry about with weed and feral animal incursion, changes in waterhole 
persistence and quality, and how to restore Country and their young people’s relationship to 
it. Their particular concerns are that water sources are no longer reliable and usable for 
traditional purposes. 

An attempt was made to meet with Rusty Ferguson (Figure A2-10), a man raised by Indigenous 
people on the Confluence and recommended as a good contact by Brisbane-based Kallali Elder 
Michael Connolly. Unfortunately, only a telephone interview was possible and was necessarily 
restricted to a few specific location questions. 

During fieldwork, stones adapted for grinding and cutting and middens of shells were found 
around waterholes. In compliance with the Wangkumara nation’s wishes, the locations were 
recorded and passed on to Malcolm Ebsworth but will not be included in the thesis to prevent 
vandalism or theft. All items were left undisturbed and in place. See Figure A2-5. 

 
A2-5 Stone tool at Confluence KaRirra/Wilson River waterhole. Location 
recorded and reported to the Wangkumara representative but not made public 
to protect site. This grinding stone is similar to those on display in the Tibooburra 
Keeping Place. Photograph by D.Kucharska, June 2013. 
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In summary, the Wangkumara, although their society has been severely disrupted by 
Settlement policies and practices in New South Wales and Queensland, still have traditional 
family, social and organisational structures and have retained parts of their culture which they 
protect from outside interference. They communicate through a nominated spokesperson. 
This thesis only sought very specific public information about a KaRirra/Wilson River Story, and 
was able to share relevant information accordingly.  
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A2.3 People of Significance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Talpali was born near Nockatunga, to a Wangkumara woman 
and a white tank-sinker. McDermott was one of those moved 
from Tibooburra to Brewarrina. He was able to return to 
Country by finding work as a stockman including at Noccundra, 
Nockatunga and Naryilco. He went through a Wangkumara 
initiation in 1940, near Innamincka, and became a Cleverman, 
and married into the Ebsworth family. He was a linguist and 
collector of traditions. Prior to his death at the Bourke District 
Hospital, he worked with Luise Hercus in 1968 and Max Kamien 
in 1971 to record Wangkumara vocabulary, songs and Stories. 
He, together with George Dutton, was a significant contributor 
to Robertson’s 1985 Wangkumara dictionary (Richards 2005). 
This is his explanation of a mura of the peoples in the Corner 
Country. He had just sung a verse from a daytime Waterbird 
ceremony: 

“In the night time there is a big mob sitting round the fire – well they 
sing different than that, same mura but different way, you see. They call 
all the countries first, where the duck has been, where they lay eggs and 
one thing and another. And when they follow’m like that they sort of, 
they follow the country like in the history where the ducks have been 
travelling and when they get to the end like what we call Thuntira, 
Thuntirayi nhanha.… Well that is the duck, then end of that part of the 
business. Well they go on again and call the country again. Different, 
different country, you know different names. Come from the same 
thing, see. Go like that, like in the night till it comes to this mura, 
finishing off. Well you finish off with that mura then where I sing it just 
now, Palkakaranala Walkapityipityi all that word, see. You know, the 
first one I sing. That is the finish. They had a lot of country to go over, 
name, name the country, take’m might be month before they can finish 
up, wait for the other people to come up finish the mura off. Whatever 
people can’t come, of course they miss out.” (pg 7-8)(Hercus and 
Beckett 2009) 

Figure A2-6 Portrait of Talpali 
George McDermott (c.1895-
1972). From The Two Rainbow 
Serpents Travelling (Hercus 
and Beckett 2009). 
Photograph by Graham 
Hercus, 1970. 

Figure A2-7 Portrait of Wilpi
George Harrison (c1900-1982). 
From Paakantyi Dictionary
(Hercus 1993). Photograph by 
G.R. Hercus, 1970. 

Wilpi was a Wangkumara man who spoke Wangkumara and 
several other languages. In the early 20th century he was taught 
horsemanship and stockwork around the Confluence floodplain 
and sandhills by “old fellas” who would interweave the training 
with traditional knowledge and information about indigenous 
massacres (Goodall 1996). 

Whilst living in Bourke during the1960s and 1970s, together with 
contemporaries George Dutton and George McDermott, he took 
part in recording Wangkumara vocabulary and usage with Luise 
Hercus (Hercus 1971), and also helped create the Paakantyi 
Dictionary (Hercus 1993). 
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Irinyili was Wangkangurru with Arrernte lineage. He was born 
north of Kati Thanda-Lake Eyre and after coming into first 
contact with white Setters in 1900-1901 along the Diamantina 
River, came to live in Arabana Country to its west. He adopted 
the surname McLean after the Peake telegraph station manager 
at the time (Hercus 2000). 

“McLean's main interest lay in the songs, stories and totemic geography 
of the people of the northern Lake Eyre basin. With marked 
perseverance and against considerable odds, he acquired a vast store of 
traditional knowledge from the few remaining Aboriginal 'clever men'. 
Caught in a changing world, these men were reluctant to pass on their 
knowledge, preferring to see their traditions disappear rather than hand 
them to the unworthy or the unappreciative. Through his enthusiasm 
and intelligence, McLean managed to persuade them to teach him. He 
gradually became a 'clever man', the last minbaru from the desert. On a 
trip to Innamincka (to the east of the country he loved best) he once 
said: 'I don't like this country, it is dead men's country, nobody knows it 
now'. He was desperate that the culture of the northern Lake Eyre basin 
should not die out. Committed to its preservation, he learned the 
languages, customs, history and songs of the Aborigines in the region.” 
(pg 1)(Hercus 2000) 

Figure A2-8 Portrait of George 
Dutton (c.1886-1968). From 
The Two Rainbow Serpents 
Travelling (Hercus and Beckett 
2009). Photograph by Jeremy 
Beckett, 1954. 

George Dutton considered himself Banjigali as he was born in 
that Country (north of Broken Hill), son of a white drover and 
Wangkumara mother, with a Maljangaba step-father who 
mentored him through the milia (circumcision) initiation. He 
worked and travelled extensively as a drover, mainly in the 
Corner Country of NSW, Queensland and South Australia. He 
would contact local Aborigines and be accepted into their 
ceremonial lives; he even became an Arabana wilyaru 
(Cleverman). His was one of the families who were forcibly 
removed in 1938 from their home on-Country in Tibooburra to 
the aboriginal settlement in Brewarrina. Eventually the Duttons 
moved to Wilcannia, where he died. (Beckett 1996) 

“In the places where Dutton lived there was little ritual activity after the 
1920s. He retained his commitment to Aboriginal culture, and tried to 
pass on to the younger generation—including his grand-daughter Lorna 
Ebsworth—his extensive knowledge of languages, songs, stories and 
rituals, and of the country which he had travelled as a drover. From the 
1930s he helped anthropologists and linguists to record his knowledge 
and life story, and revealed his rare combination of pride and humour. 
He delighted in the drama and the comedy of Aboriginal stories, but also 
communicated the solemnity of important rituals.”(pg 1)(Beckett 1996) 

Figure A2-9 Portrait of Irinjili
Mick McLean (c1888-1976). 
From Travellers in Storied 
Landscapes (McBryde 2000). 
Photograph by Sally White, held 
in the Isobel White collection, 
AIATSIS Audiovisual Archive, 
reproduced courtesy AIATSIS. 
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Figure A2-10 Portrait of Russell 
“Rusty” Ferguson. From Aussie 
Outback Horsemanship website. 
Photographed in Thargomindah, 
2015. Source: https://kerry923.w 
ixsite.com /crow-creek down-
loaded 13 December 2019. 

Figure A2-11 Portrait of Hope 
Ebsworth. Photograph by Mick 
Richards (ma2304), April 2009. 
Source: http://www.kpress.com 
.au/gallery.htm downloaded 29 
June 2018. 

Russell “Rusty” Ferguson was raised by Aboriginal stockman 
and World War II veteran Tommy Norman, after being left 
without parents at a young age at Durham Downs. He spent 
much time on Country with the local Indigenous men 
including those from the Kallali and Wangkumara; there are 
even rumours the Fergusons had indigenous blood but hid 
it to avoid racial discrimination . Rusty worked as a 
stockman and at one stage (2013) ran a service station at 
Thargomindah. He is now living near Quilpie and runs Crow 
Creek stud, breeding, breaking and training horses for 
pastoral work and polocrosse, and teaching horsemanship. 
In October 2019 he achieved the world record for most 
flying hours in a gyrocopter (24,000!), according to his 
Facebook page. 

Rusty was recommended as someone to talk to regarding 
the Grey Ranges by both Wangkumara Elder Malcolm 
Ebsworth and Kallali Elder Michael Connolly. He was 
consulted via telephone (a visit in 2016 was cancelled due 
to flooding) (Ferguson 2016). 

Ernest Hope Ebsworth (1950- ) is a Wangkumara man, 
working as a cultural heritage coordinator at Santos Ltd in 
the Confluence region. He is descended from the Ebsworth 
family, that were forced to move to Brewarrina in the 
1930s, and currently lives in Brisbane. He has authored the 
book Bury Me at Tartulla Hill, which tells of the traditional 
lifestyle and subsequent Settler dispossession and 
massacres of the Wangkumara in late 19th and early 20th 
centuries, and how the Wangumara continue to have 
connection to Country (Ebsworth 2009). He was consulted 
via telephone and helped with liaison regarding the Marnpi 
Story (Ebsworth 2013) 
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Figure A2-12 Wangkumara Elder Malcolm Ebsworth (centre) and partner Liz 
Pegler, with Dr Luise Hercus (right) at Luise’s Gundaroo property, 25 March 2015. 
Photograph by D.Kucharska. 

Malcolm Ebsworth (1940s –  ) is a Wangkumara man and older brother of Hope. 
He worked on Durham Downs cattle station with John Ferguson (father of Rusty) 
and later as cultural heritage officer around Durhan Downs and Naryilco 
(Ebsworth 2009). Together with partner Liz Pegler, he lives in Eromanga. He 
worked with Prof Luise Hercus on the Wangkumara people’s Native Title claim. 
Malcolm generously shared aspects of the Marnpi Story and other information 
during a weekend at Luise’s house in March 2015, and received recent 
photographs of some sites in the Confluence country he had been unable to visit 
due to health problems (Ebsworth 2015). 

Luise Anna Hercus AM FAHA, née Schwarzschild, (16 January 1926 – 15 April 2018) 
was born in Germany of Jewish descent. Her family moved to England in 1938 
where she received an Oxford education in Oriental Studies. She emigrated to 
Australia in 1954, marrying scientist Graham Robertson Hercus. Starting in the 
1960s until shortly before her death, she worked on “salvaging” endangered 
Indigenous Australian languages including Wangkumara, producing over 1000 
hours of recordings and a plethora of published and unpublished works over 60 
field expeditions into inland Australia including the Confluence area (Hercus 1963-
1965, Hercus 1971-1972, Hercus, Hodges et al. 2002, Hercus and Beckett 2009, 
Hercus and Koch 2009, Hercus 2010). She was heavily involved with the Australian 
National University even after retirement as Visiting Fellow, and in supporting 
Native Title including the Wangkumara claim for the Confluence region. 

Luise was a Fellow of the Australian Academy of the Humanities (FAHA). In June 
1995, she became a Member of the Order of Australia (AM) for services to 
education and linguistics, particularly preservation of Aboriginal languages and 
culture. 

Luise generously shared her personal notes, photographs and recordings on the 
landscape, culture and language of the Confluence (Hercus 2014). She highlighted 
the then-almost-forgotten Marnpi Story, and arranged personal introductions to 
appropriate Wangkumara Elders. 
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APPENDIX A3 – THE SETTLER LIVED EXPERIENCE OF 
THE STUDY AREA 

 
 

Indigenous Readers are reminded this Appendix contains names and images of deceased 
persons. Images are restricted to Section A3.5. This Appendix will use placenames as 
referenced in the historical materials. 

 
A3.1 First Contact 

Captain Charles Napier Sturt (1795-1869) 
Daniel George Brock (1811-1867) 

 
A3.2 Further Exploration 

Edmund Besley Court Kennedy J. P (1818-1848) 
Sir Augustus Charles Gregory, KCMG (1819-1905) 
Robert O'Hara Burke 1821-1861 and William John Wills (1834-1861) 
Alfred William Howitt CMG (1830-1908) 
John McKinlay (1819-1872) 
Duncan McIntyre (1831-1866) 

 
A3.3 Early Settlement 

Dr Karl Emil Jung (1833-1902) 
Hector Alexander Wilson (1848-1893) and Norman Wilson (1849-1924) 
Andrew/David Hume (1831-1874) 
Edith McFarlane neé Weidenhӧfer (1903-2012) 
Keith Thallon (1917-1999) 
Summary 

 
A3.4 The Modern Lived Experience 

Changes in attitude since 1860s 
Desert Channels Rules of Thumb 
Orientos Station Owner and Manager Rodney Betts 
Naryilco Station Manager Ian Halstead 
Woomanooka (Durham Downs) Outstation Manager Stuart Morton 
Nappa Merrie Station Manager Peter Degoumis 
Summary 

 
A3.5 People of Significance 

Figures A3-18 to A3-36 - portraits  
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A3.1 First Contact 

Captain Charles Napier Sturt 1795-1869 

European explorer records of the area begin with Captain Charles Napier Sturt (Figure A3-18) 
and Daniel Brock (one of Sturt’s party) in 1845, travelling from Adelaide northwards along the 
Barrier Ranges, and covered the same path as Marnpi from Depot Glen to the Nguku/KaRirra-
Cooper Creek/Wilson River Confluence (see Figure A3-1). Sturt and Brock recorded observations 
about landscapes, weather, Indigenous peoples, and wildlife including birds (Sturt 1847, Brock 
and Peake-Jones 1975). 

Sturt named Cooper Creek and the Grey Ranges after Judge (and later first Chief Justice of South 
Australia 1856-1861) Charles Cooper and Captain George Grey (Governor of South Australia 
1841-1845 respectively. However, it is notable that P.Jones states that Sturt “did not obtain a 
single Aboriginal placename for sites on the Strzelecki, Cooper, Diamantina or Eyre Creeks” (pg 
189-190)(Hercus, Hodges et al. 2002). Neither did Sturt attempt to learn much about the lands 
they were crossing or their Indigenous inhabitants (Jones 1979).  

                     

The earliest European record of the Cooper Creek/Wilson River area is by Sturt  in his Narrative 
of an Expedition into Central Australia Performed Under the Authority of Her Majesty’s 
Government During the Years 1844,5 and 6 (Sturt 1847). He was camped at Rocky Glen from 
January to August 1845 to remain near water, although he conducted several short explorations 
including through the Grey Ranges and Warri Warri Creek area in late summer (February) 1845.  

Figure A3-1 Sturt’s Route 1844-46, 
as drawn by Favenc. Source: 
http://gutenberg.net.au/ebooks15
/1500711h-images/favenc-
28map.jpg downloaded 10 June 
2018. 

Cooper Creek/Wilson River section 
highlighted. 
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Sturt travelled eastwards from the Strzelecki Creek along Cooper Creek in late spring (October-
November) 1845. He had set off from Adelaide on his 1844-1846 Central Australian expedition 
(Figure A3-2) with the following expectations: 

“It was still a matter of conjecture what the real character of Central Australia really was, for its 
depths had been but superficially explored before my recent attempt. My own opinion, when I 
commenced my last expedition, inclined me to the belief, and perhaps this opinion was fostered by 
the hope that such would prove to be the case, as well as by the reports of the distant natives, which 
invariably went to confirm it, that the interior was occupied by a sea of greater or less extent, and 
very probably by large tracts of desert country. With such a conviction I commenced my recent 
labours, although I was not prepared for the extent of desert I encountered--with such a conviction 
I returned to the abodes of civilized man.” (near end of Chapter I)(Sturt 1847). 

 

                
 
Sturt recorded temperatures and hot dry winds for much of his time in the Grey Ranges. For 
example: “At a quarter past 3, p.m. on the 21st of January [1845], the thermometer had risen to 
131 degrees [55C] in the shade, and to 154 degrees [68C] in the direct rays of the sun.” Another 
of his thermometers had recorded 125 degrees [52C], and thinking it faulty, Sturt had carefully 
placed it in the shade and out of the wind; an hour later it had burst after reaching its limit of 
127 degrees Fahrenheit [53 Celsius] (Brock p200). These observations are congruent with values 
recorded during fieldwork in late January/early February 2014, where air temperatures hovered 
around 45-50C and ground temperatures reached 70C. 

During the winter months of June/July 1845, he recorded night temperatures as low as 24 
degrees Fahrenheit [-5C); June 2013 fieldwork also recorded cool nights (below 12C). Occasional 
storms brought thunder and lightning but Sturt: 

“could have counted the drops of rain that fell, notwithstanding the thunder was loud and the 
lightning vivid”. (12 May 1845)(Sturt 1847). 

The party did sometimes come across replenished waterholes near Rocky Glen, and inferred 
that there had been heavy but very localised rains. However, the Wangkumara division of the 
year into yawurra or kalerra (see Appendix A2 Section A2.1) was reflected in the weather 
experienced by Sturt’s party; there was no rainy season. 

Whilst in the Mt Poole/Rocky Glen area (the southernmost part of Wangkumara territory) Sturt 
made several observations about the “natives” they had come across. Whilst experiencing 
difficulty with locating water along increasingly dry creek beds of the Grey Ranges to the north, 

Figure A3-2 Captain Charles Sturt Leaving 
Adelaide 1844. Drawing by S.T. Gill (d.1880 
- public domain). Public domain. Source: 
https://en.wikipedia.org/wiki/Charles_Stur
t#/media/File:Captain_charles_sturt_leavi
ng_adelaide_1844.jpg downloaded 11 
March 2019. 
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he optimistically commented that “The fact of the natives having crossed the plain confirmed my 
impression that the creek picked up beyond it”. (~26 January 1845)(Sturt 1847). 

Sturt intended to trade food and equipment in return for information, but “When we reached the 
place where the natives had been, we were disappointed in not finding them. They had, however, covered 
up their fires and left their nets, as if with the intention of returning.” (~5 January 1845)(Sturt 1847). These 
observations tally with the travel and fishing/hunting lifestyle aspects of the Wangkumara (see 
Appendix A2 Section A2.1). 

On the 10th of February, Sturt observed “a flight of pigeons, wheeling round some gum trees”, 
and followed them to find a pool of water in a reformed creek bed. Further, around the 5th of 
March, he wrote: 

“When we first pitched our tents at the Depot [Rocky Glen] the neighbourhood of it teemed with 
animal life. The parrots and paroquets flew up and down the creeks collecting their scattered 
thousands, and making the air resound with their cries. Pigeons congregated together; bitterns, 
cockatoos, and other birds; all collected round as preparatory to migrating. In attendance on these 
were a variety of the Accipitrine class, hawks of different kinds, making sad havoc amongst the 
smaller birds. About the period of my return from the north they all took their departure, and we 
were soon wholly deserted. We no longer heard the discordant shriek of the parrots, or the hoarse 
croaking note of the bittern. They all passed away simultaneously in a single day; the line of 
migration being directly to the N.W., from which quarter we had small flights of ducks and pelicans.” 

   
Figure A3-3 Rocky Glen, Depot Glen, and Cooper Creek. Illustrations from Sturt’s Narrative (Sturt 1847). 

Several large and permanent Cooper Creek waterholes region lie to the northwest of Rocky Glen 
(Figure A3-3). The Wangkumara Stories that guide travel between Rocky Glen and the 
Cooper/Wilson area use pigeons, ducks and pelicans as route setters. 

Further, a native who befriended them: 
 “appeared to be quite aware of the use of the boat, intimating that it was turned upside down, and 
pointed to the N.W. as the quarter in which we should use her. He mistook the sheep net for a fishing 
net, and gave them to understand that there were fish in those waters so large that they would not 
get through the meshes.” (13 May 1845)(Sturt 1847). 

Sturt left Rocky Glen for the northwest in mid-March 1845. By the end of October, he had 
established Fort Grey and was exploring Cooper Creek, travelling east from its junction with the 
Strzelecki Creek. He came across two large waterholes, and observed: 

“Notwithstanding the magnificent sheet of water we were now resting near, I began thus early to 
doubt the character of this creek. It had changed so often during the day, at one place having a 
broad channel, at another splitting into numerous small ones, having a great portion of its bed dry, 
and then presenting large and beautiful reaches to view, that I hardly knew what opinion to form 
of it; I also observed that it was leading away from the hills and taking us into a low and desolate 
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region, almost as bad as that to the westward; however, time alone was to prove whether I was 
right in my surmise.” (30 October 1845)(Sturt 1847) 

“Notwithstanding the misgivings I had as to the creek, the paths of the natives became wider and 
wider as we advanced. They were now as broad as a footpath in England, by a road side, and were 
well trodden; numerous huts of boughs also lined the creek, so that it was evident we were 
advancing into a well peopled country, and this circumstance raised my hopes that it would 
improve.” (30 October 1845)(Sturt 1847). 

After travelling eastwards, past the huts of four different tribes, Sturt wrote of coming across a 
settlement housing approximately 300-400 natives in good physical condition, who informed 
him that he was now travelling away from water. He chose to continue: 

“There might, however, have been fish of large size in the deep pools of this creek, although I would 
observe that I had two reasons for believing otherwise. The first was, that, the meshes of the nets 
used by the natives, of which we examined several hanging in the trees, were very small, and that 
among the fish bones at the natives' fires, we never saw any of a larger size than those we had 
ourselves captured, and it was evident that at this particular time, it was not the fishing season. I 
was led to think, that the water in which we noticed so many swimming about, was sacred, and that 
it is only when the creek overflows, that the fish are generally distributed along its whole line, that 
the natives take them.” (2 November 1845)(Sturt 1847). 

“The pool from which they drew their supply of water, was in the centre of a broad shallow grassy 
channel, that passed the point of the sand hill we had ascended, and ran up to the northward and 
westward; we were, therefore, obliged to cross this channel, and soon afterwards got on the plains. 
They were evidently subject to flood, and were exceedingly soft and blistered; the grass upon them 
grew in tufts, not close, so that in the distance, the plains appeared better grassed than they really 
were. At length, we got on a polygonum flat of great size, in the soil of which our horses absolutely 
sunk up to the shoulder at every step. I never rode over such a piece of ground in my life, but we 
managed to flounder through it, until at length we got on the somewhat firmer but still heavy plain. 
It was very clear, however, that our horses would not go a day's journey over such ground. It looked 
exactly as I have described it--an immense concavity, with numerous small channels running down 
from every part, and making for the creek as a centre of union; nor, could we anywhere see a 
termination to it. Had the plain been of less extent, I might have doubted the information of the 
natives; but, looking at the boundless hollow around me, I did not feel any surprise that such a creek 
even as the one up which we had journeyed, should rise in it, and could easily picture to myself the 
rush of water there must be to the centre of the plain, when the ground has been saturated with 
moisture.” (3 November 1845)(Sturt 1847). 

“To the northward was the valley in which the creek rises, bounded all round by barren, stony hills, 
like that on which I stood; and the summits of other similar hills shewed themselves above the nearer 
line. To the east the apparently interminable plains on which we had been, still met the horizon, nor 
was anything to be seen beyond them. Westward the outer line of hills continued backed by others, 
in the outlines of which we recognised the peaks and forms of the apparently lofty chain we first 
saw when we discovered the creek.” (3 November 1845)(Sturt 1847). 

In the end, Sturt was unable to continue over the plains – which are deep clay and almost 
impassable when wet, and he abandoned the attempt. The Narrative gives a serious appraisal 
of the landscape to would-be settlers: 

“Such however is the uncertain nature of the rivers of those parts of the continent of Australia over 
which I have wandered. I would not trust the largest farther than the range of vision; they are 
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deceptive all of them, the offsprings of heavy rains, and dependent entirely on local circumstances 
for their appearance and existence.” (~15 July 1845)(Sturt 1847). 

“Before we finally left the neighbourhood, however, where our hopes had so often been raised and 
depressed, I gave the name of Cooper's Creek to the fine watercourse we had so anxiously traced, 
as a proof of my great respect for Mr. Cooper, the Judge of South Australia…I would gladly have laid 
this creek down as a river, but as it had no current I did not feel myself justified in so doing. 

“I struck Cooper's Creek in lat. 27 degrees 44 minutes, and in long. 140 degrees 22 minutes, and 
traced it upwards to lat. 27 degrees 56 minutes, and long. 142 degrees 0 minutes. There can be no 
doubt but that it would support a number of cattle upon its banks, but its agricultural capabilities 
appear to me doubtful, for the region in which it lies is subject evidently to variations of temperature 
and seasons that must, I should say, be inimical to cereal productions; nevertheless I should suppose 
its soil would yield sufficient to support any population that might settle on it.” (9 November 
1845)(Sturt 1847). 

 

Daniel George Brock 1811-1867 

One of the party who had remained at Fort Grey, Daniel Brock (Figure A3-19), summarised 
Sturt’s achievement in his To the desert with Sturt : a diary of the 1844 expedition (Brock and 
Peake-Jones 1975): 

“17th [November] Our surprise was great, our pleasure greater – the Captain today returned – but 
it was with extreme difficulty. The scurvy has laid hold of him, most fearfully. This journey of his has, 
I suppose, been a desperate affair, He has discovered a large creek - he followed it up more than a 
100 miles when it became indistinct. Large, immensely large plains opened out, over which, through 
the rottenness of the ground, he could not travel. The waters of this creek, when running, pass over 
those immense flats which Sturt crossed on his previous journey. A very numerous body of natives 
dwell on this water. They were extremely kind. This creek is the only thing of note to be observed on 
this journey.” (pg 202) 

     

On 8th February 1845, Brock made note that the party had “observed thousands of pidgeons (sic) 
in a flock, probably migrating” near “the presence of such large bodies of water which we find 
here, so sheltered as to lead me to hope it never entirely disappears.” (pg 116)(Brock and Peake-
Jones 1975). He describes the birds (Figure A3-4) thus (p122): 

“It is a beautiful bird, many of which we have alive at the camp. Its belly is of a slate colour, back 
deep brown, the wings are brown mixed with a pearl colour, splendidly bronzed at the tip. The male 
bird has a slate and white coloured head, the female is distinguished by her head being all brown.” 

Figure A3-4 Gould’s ?1841 lithograph of a female and 
male flock bronzewing peristera histrionica (protonym 
for phaps histrionica in the 1800s), matching Brock’s 
1845 description. Illustration by Elizabeth Gould (1804–
1841) for John Gould’s Birds of Australia. Public domain. 
Source: https://www.rawpixel.com/image/321026/harle 
quin-bronze-wing-peristera-histrionica-llustrated-
elizabeth-gould-1804-1841-john-goulds-1804 
downloaded 10 June 2018. 
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A3.2 Further Exploration 

Other European explorers soon followed the Sturt expedition. 

Edmund Besley Court Kennedy J. P. 1818-1848 

In August 1847 Kennedy (Figure A3-20), Assistant-Surveyor of Crown Lands in Sydney, led the 
Expedition to Ascertain the Course of the River Victoria, an exploration party along the course 
of the “Victoria River”, now known as the Barcoo, and named the Thomson River, the two major 
tributaries of Cooper Creek (Kennedy 1847). See Figure A3-5. 

“An intelligent native whom we met there with his family, on our return, gave me the name of the 
river, which they call "Barcoo".” (pg 193). 

“In latitude 25° 9' 30", and longitude about 143° 16', a considerable river joins the Victoria from the 
N.E., which I would submit may be named the "Thomson", in honour of E. Deas Thomson, Esq., the 
Hon. the Colonial Secretary.” (pg 194). 

Kennedy’s party continued southwards through what is now called Channel Country, passing 
through country where “horses were continually falling into the fissures up to their hocks”, until 
on 7 September 1847 he: 

“…was compelled at length to encamp in lat. 26° 13' 9", and long, by account 142° 20', on the bank 
of a deep channel, without either water or food for our wearied horses. The following morning, 
taking one man and Harry with me, we made a close search down the most promising watercourses 
and lagoons, but upon riding down even the deepest of them, we invariably found them break off 
into several insignificant channels, which again subdivided, and in a short distance dissipated the 
waters, derived from what had appeared the dry bed of a large river on the absorbing plain; 
returning in disappointment to the camp, I sent my lightest man and Harry on other horses to look 
into the channels still unexamined, but they also returned unsuccessful. We had seen late fires of 
the natives at which they had passed the night without water, and tracked them on their path from 
lagoon to lagoon in search of it; we also found that they had encamped on some of the deepest 
channels in succession, quitting each as it had become dry, having previously made holes to drain 
off the last moisture…. I think there can exist but little doubt that the "Victoria" is identical with 
Cooper's Creek of Captain Sturt; that Creek was abandoned by its discoverer in lat. 27° 56', long. 
142°, coming from the N.E., and as the natives informed him, "in many small channels forming a 
large one".”(pg 195). 

 

Figure A3-5 Kennedy’s 
Route 1847, as drawn by 
Favenc. Source: 
http://gutenberg.net.au/
ebooks15/1500711h-
images/ favenc-
17map.jpg downloaded 
10 June 2018. Cooper 
Creek/ Wilson River 
section highlighted. 
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Sir Augustus Charles Gregory, KCMG 1819-1905 

Augustus Charles (Figure A3-21) was one of the five Gregory brothers who had become 
accomplished explorers of Australia. He was asked to lead the New South Wales expedition to 
search for Ludwig Leichardt, who had disappeared in inland Queensland (Gregory 1858). AC 
Gregory’s party (with his younger brother Charles Frederick as second-in-command) travelled 
downstream along the Barcoo, and investigated the Thomson during May 1857 (Figure A3-6): 

“Travelling down the right bank of the river, the principal channels were full of water, but the clay 
plains between were quite dry, the rain which had caused the river to flow not having extended so 
far south; nothing could well be more desolate than the unbounded level of these vast plains, which, 
destitute of vegetation, extended to the horizon. Our horses were reduced to feeding on the decayed 
weeds, and even these were so scarce that they eagerly devoured the thatch of some old native 
huts.” (22-23 May 1858)(Gregory 1858). 

By the 8th of June, the party had: 
“reached latitude 27 degrees 30 minutes, when the sandstone tableland receded, and a boundless 
expanse of mud plain was before us; the lines of box-trees which had hitherto marked the channels 
nearly ceased, polygonum [lignum)] and atriplex [saltbush] constituting the main feature of the 
vegetation.” (8 June 1858)(Gregory 1858). 

 
Figure A3-6 A.C.Gregory’s Route 1858, from Report of the Proceedings of the 
Expedition in search of Dr. Leichhardt and Party. Source: 
http://gutenberg.net.au/ebooks14/1402621h.html#map6 downloaded 20 August 
2018. Cooper Creek/Wilson River section highlighted. 

On his arrival in Adelaide, Gregory reported that: 
“West of longitude 147 degrees, nearly to the boundary of South Australia, in 141 degrees, the 
country is unfit for occupation, for, though in favourable seasons there might in some few localities 
be abundance of feed for stock, the uncertainty of rain and frequent recurrence of drought renders 
it untenable, the grasses and herbage being principally annuals, which not only die but are swept 
away by the hot summer winds, leaving the surface of the soil completely bare. On Cooper's Creek, 
near the boundary, there is a small tract of second-rate country, which, being abundantly supplied 
with water, may eventually be occupied.” (31 July 1858)(Gregory 1858). 

Further, he noted that about one third of the Cooper’s water flowed into the Strzelecki Creek to 
Lake Torrens, and recommended that: 

“the term River Cooper be adopted for the whole of the main channel from its sources, discovered 
by Sir T. Mitchell [referring to the Barcoo], to its termination in Lake Torrens”. (31 July 1858)(Gregory 
1858).  
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Robert O'Hara Burke 1821-1861 and William John Wills 1834-1861 

Perhaps the best-known exploration, titled the Victorian Exploring Expedition, was the 
Victorian-sponsored attempt by Burke (Figure A3-22) and Wills (Figure A3-23) to cross the 
Australian continent north to south in 1860-1861, which came to an unfortunate end on the 
banks of Cooper Creek (Figure A3-7). In a letter to his sister dated 6 December 1860, Wills 
describes travel through a landscape with no surface water and temperatures of 107 degrees 
Fahrenheit (42 Celsius) in the shade (Wills 1863): 

“To give you an idea of Cooper's Creek, fancy extensive flat, sandy plains, covered with herbs dried 
like hay, and imagine a creek or river, somewhat similar in appearance and size to the Dart above 
the Weir, winding its way through these flats, having its banks densely clothed with gum trees and 
other evergreens: -so far there appears to be a considerable resemblance, but now for the 
difference. The water of Cooper's Creek is the colour of flood-water in the Dart; the latter is a 
continuous running stream; Cooper's Creek is only a number of waterholes. In some places it entirely 
disappears, the water in flood-time spreading all over the flats and forming no regular channel.” 

 

  

Figure A3-7 Burke and 
Wills’ Route 1860-61, as 
drawn by Favenc. Source: 
http://gutenberg.net.au/eb
ooks15/1500711h-
images/favenc-33map.jpg. 
downloaded 10 June 2018. 
Cooper Creek/ Wilson River 
section highlighted. 
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Wills describes the journey west along Cooper Creek, which they first encountered at 27° 49’ S 
142° 20’ E, roughly in the middle of the Wilson/Cooper channel breakdown area: 

“At the point at which we first struck Cooper's Creek it was rocky, sandy, and dry; but about half a 
mile further down we came to some good waterholes, where the bed of the creek was very boggy, 
and the banks richly grassed with kangaroo and other grasses…The waterholes are not large, but 
deep, and well shaded, both by the steep banks and the numerous box trees surrounding them. The 
logs and bushes high upon the forks of the trees, tell of the destructive floods to which this part of 
the country has been subjected, and that at no very distant period, as may be seen by the flood 
marks on trees of not more than five or six years' growth.” (~11 November 1861, near Camp 57). 

“In one of the valleys between the sand hills…we found a shallow waterhole where a creek is formed 
for a short distance, and is then lost again on the earthy plain beyond. West by north and west from 
here, about twelve miles, there are some splendid sheets of water, in some places two and three 
chains broad; the banks well timbered, but the land in the neighbourhood so loose and rotten that 
one can scarcely ride over it.” (between Camps 57 and 60)(Wills 1863). 

“Earthy Flat.-The feed in the vicinity…is unexceptionable…the herbage on the creek generally down 
to this point is of a very inferior quality; the grasses are very coarse, and bear a very small proportion 
to the other plants…. 

“Stony Rises.-The stony rises are generally bare and barren; but some of those on the north side of 
the creek carry a fair crop of light grass. 

“Sand Hills.-Wherever there are sand banks or ridges the feed is almost invariably good; the salt 
bush is healthy and abundant, and there are a variety of plants on which cattle would do well…. 

“Character of Ground.-I have mentioned three distinct kinds of ground--the earthy plains, the stony 
rises, and the sand ridges. The latter … is simply a series of hills composed of blown sand of a red 
colour, very fine, and so compactly set that the foot does not sink in it much. In some places the 
ridges have a uniform direction, in others the hills are scattered about without any regularity; the 
average direction of the ridges is north-north-east and south-south-west. In the valleys between the 
hills, are shallow clay plains, in which the water rapidly collects, even after slight showers; but when 
full they seldom exceed five or six inches in depth, so that in summer they are soon dry again…. 

“Stony Rises.-The stony ground, in contradistinction to the sandstone ranges, appears to have been 
formed from the detritus of the latter, deposited in undulating beds of vast extent. The greater 
portion of this ground appears almost level when one is on it, but when viewed from a distance the 
undulations are very distinct…. 

“Earthy Plains.-The earthy plains which are such an important geological feature in this part of the 
country, will, I fear, greatly interfere with its future occupation. When dry they are so intersected by 
chasms and cracks that it is in some places dangerous for animals to cross them, and when wet they 
would be quite impassable… there are places where, for a distance of two or three miles, neither a 
bullock nor a horse could get to the water with safety, and it was with difficulty that we could 
approach it ourselves; the safest spots are at the lower end of the waterhole, where the creeks run 
out on the plains. A peculiar geological feature that I have never seen so strongly exhibited 
elsewhere is, that the watercourses on these plains have a strong tendency to work away to the 
south and south-west; the fall of the ground, as shown by the flow of the flood water, being to the 
west and north-west. I found that at almost every place where a portion of the creek ran out, the 
small branches into which it split before disappearing, struck off at nearly right angles to the creek, 
and that the flow of the water on the level plain was invariably in a west or north-westerly direction; 
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whereas the creeks generally had a course considerably to the south and west, more especially 
before running out. The branch creeks and waterholes are always lined with box trees and 
polygonum bushes; they are generally situated between or near sandhills, and have doubtless been 
formed by the rush of water consequent on the interference of these hills by the general flow…. 

“The whole country has a most deplorably arid appearance; birds are very scarce, native dogs 
numerous. The paths of the blacks on the strong ground look as if they had been used many years. 
Anthills and beds are to be found everywhere in great numbers and of considerable size; the paths 
to and from them are better marked and more worn than any I have ever seen before; but nearly 
all of them are deserted, and those that are inhabited contain a small and weakly population that 
seems to be fast dying away. Neither about the flats nor the ranges did we see any signs of the 
heavy floods that have left such distinct marks in other parts, and the appearance of the whole 
country gave me the idea of a place that had been subjected to a long-continued drought… There 
were some ducks, snipe, and pigeons about them: the former always returned to the holes after 
having been disturbed, so I imagine there is not much more water in the vicinity. In continuing up 
the flat, the main creek appears to be that along which the box timber grows, but the bed is sandy 
and quite dry.” (November 1861, near Camp 63)(Wills 1863). 

Wills recorded maximum daily temperatures of over 100F (38C) in November 1860, peaking at 
109F in the shade (43C), and falling to 72F (22C) at night. Water surface temperatures were 
measured at 78F (26C). He noted a: 

“well-marked regularity in the course of the wind, which almost invariably blew lightly from the east 
or south-east soon after sunrise, went gradually round to north by two o'clock, sometimes blowing 
fresh from that quarter, followed the sun to west by sunset, and then died away or blew gently from 
the south throughout the night.” (15 December 1861)(Wills 1863). 

This pattern was occasionally interrupted by high winds and thunderstorms, but “from only one 
of which we have received any rain worth mentioning”. (15 December 1861)(Wills 1863). 

The Burke and Wills narrative ends in tragedy with the deaths of both men on the shores of a 
Cooper Creek waterhole after their delayed return from the Gulf of Carpentaria saw them miss 
the departure of their depot party by mere hours. Rescue expeditions were launched, including 
that of experienced Lake Eyre Basin explorer (and later, author of The Native Tribes of South-

east Australia) Alfred Howitt, and South Australia’s John McKinlay. 

 

Alfred William Howitt CMG 1830-1908 

The Victorian Contingent Party led by Howitt (Figure A3-24) left Melbourne in July 1861 (winter) 
and successfully located the sole survivor of the Burke and Wills expedition, John King, in 
September, returning to Melbourne in November. Howitt also led a second expedition, the 
Victorian Exploring Party, which returned to the Cooper Creek area in early 1862 (summer), after 
rains had transformed the previously arid landscape (Howitt 1861, Travers 1966). See Figure A3-
8. 

As Howitt’s party approached the Confluence from the south, along the line of the Marnpi story, 
he described the scene in front of him. On 5 September 1861 at 28° 10', 142° 8', he: 

“…went to a square steep hill, with Mr Brahe, to reconnoitre the country. From it had an extensive 
view towards Cooper's Creek, and was pleased to see that the stony country does not probably 
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extend more than four miles from us. Beyond that open plains, and on the horizon what seem to be 
sandhills and timber. A large body of smoke to the west. I found the summit of the hill to be covered 
with large masses of a white crystalline stone, grouped in irregular columns, and ringing with a 
metallic sound when struck. It is the same stone as that universally strewn over the country, and of 
which, and a coarse sandstone and conglomerate the ranges are mostly formed.”                                         
(5 September 1861)(Howitt 1861). 

Howitt met a small Indigenous family group, who indicated they should travel north-west, and 
upon doing so, Howitt’s party found a waterhole amongst the polygonum and camped. 

“It rained very heavily during the night, with strong gusts of wind from N.E. and this morning the 
flats and the claypans are swimming with water, and the ground very soft. Resting today as the 
horses require it. Drying things, shoeing horses and digging tank to try and hold water later in the 
season.” (7 September 1861)(Howitt 1861). 

Howitt was impressed by one group of local Indigenous people he met at the waterhole, writing 
that they were “well built young men, with open intelligent faces, and very different from the natives 
usually met with.” (9 September 1861)(Howitt 1861). 

He noted numerous deserted camps in the drier areas of the Confluence. He also made note of 
opalized wood lying about. On his 1861 return journey back via his earlier camp in the 
polygonum, he estimated the local population close to 400. 

Howitt also led the Victorian Exploring Party in the first half of 1862, and his visit to the Cooper 
Creek/Wilson River region experienced violent thunderstorms and running creeks, although 
there was still extreme contrast (Howitt 1862). In mid-February he was in the Marnpi region of 
the Confluence and reported: 

“Shortly after leaving camp got into the track of a thunderstorm, which must have been very heavy. 
The amount of water and feed on the country it had passed over was surprising, and not a little of 
the effect was produced by passing so abruptly from the dry stretches of country.…It is very annoying 
to travel all day through feed and water, as we have done, and in the afternoon to get into some 
strip where there has been no rain; but it has happened several times that we have had to camp out 
of the feed, although as yet not without water.” (15 February 1862)(Howitt 1862). 

“The plains were infinitely more cracked and rotten than I had yet seen them, and fully bore out the 
character given of them by Sturt For miles the horses had literally to flounder through them, the 
ground giving way at every step, and falling into the deep crevices with a hollow rumbling noise. 
Found the water at our old camp, as I had expected, dried up. Went on to Camp 60 of Burke, where 
we had left a fline reach of water. Found this also quite dry - apparently for some time, as beds of 
green plants were growing where the water had been.” (18 February 1862)(Howitt 1862). 

Howitt travelled across the Confluence floodplain and found signs of recently-flowing channels 
and some long reaches of water, but also noted that “The creek banks here are dotted with 
native villages, now all deserted.” (23 February 1862)(Howitt 1862). He only rarely reported seeing 
Indigenous people, and then only in small groups. 

By April, Howitt had explored along Strzelecki Creek, and had intercepted large numbers of 
“natives” moving towards Cooper Creek; from them he received information “that a great flood 
was coming down, and must be by this time at our camp.” (2 April 1862)(Howitt 1862). He sent 
some of his party to investigate.  
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Figure A3-8 
McKinlay’s 1861 
South Australian 
Burke Relief 
Expedition  and 
Howitt’s  1862 
Victorian Exploring 
Party Routes. 

Map title Das See'n-
Gebiet (Lake District) 
und Die Steinice Wuste 
(Great Stony Desert) 
im Innern von 
Australien (c1867), 
copper engraving with 
original hand 
colouring, 
cartographer Augustus 
Heinrich Petermann 
(1822-1898). 

Source: 
https://antiqueprintm
aproom.com/das-
seen-gebiet-lake-
district-und-die-
steinice-augustus-
heinrich-petermann 
downloaded 30 
November 2019. 

Cooper Creek/ Wilson 
River section 
highlighted, green for 
McKinlay and brown 
for Howitt. 
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“They reached the fishpond the evening of the day they left here, and camped at the lower end, not 
finding so far any signs of a flood. The water had sunk considerably, but the fish were as eager to 
be caught as ever. On starting next morning, and proceeding up the creek, they found a strong 
stream running into the waterhole above the fishpond, and in nine miles higher up, the stream had 
increased to a small river. The back waters and channels being here many of them full of water, 
which was still rising, they considered it wisest to return, lest they might get involved in some of the 
numerous branch creeks. Returning to near the fishpond, they found that a billabong, which runs to 
the N.W., through a rocky gap, and which was dry on going up, now rapidly filling with water. No 
natives were seen anywhere, and few birds, both, most probably, having migrated higher up. A flock 
of twenty pelicans flew down to the end of the flood, and then returned. The water coming down 
was clear, but unpleasant tasted, and is no doubt the old water, which the flood is pushing in front 
of it. According to this information, the flood has travelled seventy miles in about six weeks.”                
(8 April 1862)(Howitt 1862). 

As a result of this intelligence, Howitt disinterred the remains of Wills as he believed “Any flood 
would cover the grave with many feet of water.” (12 April 1862)(Howitt 1862). Howitt went north 
until the first of May, and on his return there was no sign yet of the flood at Burke’s 
(“Innermangkar”) waterhole. But ten days later, the Cooper was “running strongly” 5 miles 
upstream. As they prepared to leave on 13 May, Howitt: 

“Went up to take a last look at the flood. Found it four miles from the upper end of the Depot 
waterhole, just running out at the lower end of a large reach into a number of channels. It is 
impossible to say, from the appearance of the flood, when or where it may stop. The water is of a 
clear olive-green colour, and comes down but slowly, having large backwaters and channels to fill, 
the ground also, no doubt, absorbing an immense amount. Up to the present time, its rate is difficult 
to determine, but I believe it to be, on an average, about two miles in a week. At the flood, this creek 
is now a fine river.” (13 May 1862)(Howitt 1862). 

Thus this party saw the landscape after localised rains and experienced the flush of a seasonal 
flood from far upstream. The descriptions of “the earthy plains through which the various 
channels of Cooper's Creek run to the westward”, with ground that was “very rotten, and 
cracked by numerous deep fissures; dry channels in every direction” (8 September 
1861)(Howitt 1862), the localised response of vegetation to seasonal storms, and the slow-
moving flooding along the Cooper system are still recognisable today, and emphasises how 
even heavy rain may only result in local ground moisture and vegetation response. 

 

John McKinlay 1819-1872 

The South Australian Burke Relief Expedition, led by McKinlay (Figure A3-25), departed Adelaide 
in August 1861, and returned a year later, missing King’s rescue by Howitt but changing the aims 
of the expedition towards exploration (McKinlay 1861). See Figure A3-8. During October 1861, 
he wrote of tens of thousands of “flock pigeons” around the Cooper Creek breakdown 
downstream of Innamincka. McKinlay visited the Cooper Creek site of Burke and Wills’ deaths, 
but did not proceed further east and did not see the Cooper/Wilson Confluence. After an 
arduously dry journey (“A little rain during the night but not enough to wet a sheet of paper” (1 
December 1861)(McKinlay 1861)), he wrote: 



APPENDIX A3 – THE SETTLER LIVED EXPERIENCE OF THE STUDY AREA 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page A3-15 
 

“My main object in going out now is firstly to ascertain if there is a likelihood of a flood down 
Cooper's Creek this season, after all the rain that has fallen along the eastern side of the continent 
some months back, and which I thought possible might have fallen as well on and to west of coast 
range, so to secure to us an open retreat in the event of our being able to make some considerable 
advance northward, and being detained some time. And secondly to ascertain if anyone was as yet 
stationed on Cooper's Creek…” (2 December 1861)(McKinlay 1861). 

McKinlay travelled around the western side of the study area, in the region of the Cooper Creek’s 
junction with Strzelecki Creek, at the time scattered with shallow localised bodies of water. 
Although well to the west of the Marnpi story locations, his journal reinforced the localised 
ephemerality of water on the Confluence. He noted large and diverse congregations of birds and 
the presence of fish. 

 

Duncan McIntyre/MacIntyre/M’Intyre 1831-1866 

By 1859, the Colony of Queensland was encouraging settlers to set up pastoral runs in what was 
considered unoccupied territory, there being no evidence (to European eyes) of the land being 
managed or of Indigenous permanent settlements. 

Duncan McIntyre (Figure A3-26) was one of those who travelled to Queensland’s Gulf Country 
in search of lands. Whilst waiting for official instructions, he investigated the Cooper Creek area 
for signs of the missing Leichardt expedition and also for its suitability for cattle (Gill 1981). In 
1964 he reported that:  

“From there [the head of the Thomson River] to Coopers Creek the country was well-watered but 
unstocked.” (pg 54)(Gill 1981). 

McIntyre returned to the Cooper/Wilson Confluence as leader of the joint Victorian/ 
Queensland/South Australian Leichardt Search Expedition in November-December 1865. He 
found that the Cooper, that had contained good water in mid-1864, was now empty, and the 
drought intensified into 1866.  

“On the 13th November, we crossed the Bulla (?Bulloo) and on the 17th reached the Wilson, which 
was followed up for some days. Late on the night of the 26th we arrived at Cooper's Creek and found 
it quite dry…After a careful examination of the bed and banks of the channel, and old native 
footpaths, we returned to the expedition camp, and soon afterwards the party started back along 
the expedition track towards the last water. This retreat ended in the loss of all the horses but three, 
and the retum of Dr. Murray, Grey, McDonald and Bames to the settled districts. 

“The whole of December was lost in finding permanent water in Cooper's Creek and collecting 
stores, firearms, ammunition, instruments and other valuables, which, owing to the expedition 
being declared at an end by the officers in charge, had been thrown anywhere and anyhow, or 
carried away on the horses. On New Year's Day we were camped on a fine sheet of water on Cooper's 
Creek. But as the dromedaries required a month or two's rest, and the natives troublesome, we 
moved a few miles up the creek to where there was good feed and timber. By the 14th January we 
had a stockade up, and the annoyance from the natives was at an end. In a few weeks the horses 
and dromedaries got quite fresh, and an unlimited supply of the finest fish put us all to rights.”        
(pg 64-65)(Gill 1981).  
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A3.3 Early Settlement 

European settlers began moving into the Cooper Creek/Wilson River Confluence not long after 
the first European explorers had passed through. By the time of Burke and Wills, there were 
homesteads that served as waypoints and provisioning stops. Historical material such as 
explorer and early settler journals and diaries, newspaper articles, photographs and paintings, 
can extend the lived experience back to the mid-1800s, but through the lens of white, mainly 
British and German, Christian European colonisers of that time in history. A selection of settler 
accounts is presented here, to show how lack or excess of water was an ever-present hazard. 

Figures A3-9, A3-10, A3-11, A3-12 and A3-13 illustrate the expansion of European Settler 
knowledge and control over lands between c1870 and 1949. 
 
Dr Karl Emil Jung (1833-1902) 

After graduating in Law in Germany, Jung taught Classics at Eton School (UK). In the 1850’s he 
moved to Australia, teaching and travelling, and became South Australia’s Inspector of Schools 
1872-1877. In 1878, after returning to Germany, he wrote the four-volume Der Weltteil 
Australien (The Continent Australia) (Figure A3-27). He spent time in 1865 based at Devalla 
(Dewalla) Creek, south-east of the Wilson River towards the Bulloo Lake swamp system, writing 
of his experiences in the 1878-79 article ‘Am Cooper Creek’ (Nobbs 1992). 

“Today the land is fully occupied, surveyed (though in a rough way) and leased to pastoralists who 
appear to make good business there.” (pg 132). 

“In those time [1865], the oldest colonists warned of long periods of drought in which all water 
evaporated, all vegetation spoiled, and both the indigenous and introduced animals perished. I was 
of the opinion, as were many others, that settlement had overcome this sad phase of existence of 
the colony. That danger was not to be feared any more, and the squatter pushed irresistibly further 
and further forwards. …. Even though moderate rain fell we still believed that the climate had 
changed for the better. 

“The year destroyed this illusion with a rough hand. The rainfall of the preceding years had been 
lighter in the inner districts, and now the eternally clear sky, scarcely covered by a cloud, was barren. 
All the waters dried up, and soon the last traces of vegetation were consumed down to their roots. 
The bodies of dying stock covered the plains, and the few waterholes became poisoned through 
their decomposition….” (pg 132). 

“We were isolated, with only a few neighbours on the Wilson. The waterholes on Devalla Creek 
began to dry up. The dams built at great cost stood there useless, their reservoirs empty…For the 
12000 sheep there was soon a solution. A long deep waterhole on the Wilson, a ‘billabong’, offered 
itself to them. But cattle will not stay where sheep graze and I had to go further. The only place was 
on the Cooper. A broad waterless stretch of torn black expanses and steep red sandhills lay between 
the Cooper and our stock….Never will I forget that feeling of escape from extreme danger and the 
elation that accompanies achievement of a rare and risky undertaking when, on an arduous 
February night, I discerned in the bright moonlight the dark, dim line which was the Cooper…We 
moved further downstream, and on a marvellous lake-like part of the river erected our camp. Mighty 
eucalyptus trees hemmed in the high southern bank, while on the other side magnificent quartz 
sandstone outcrops completed the view [this was the Burke and Wills Waterhole].” (pg 132). 
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Hector Alexander Wilson (1848-1893) and Norman Wilson (1849-1924) 

Victorians Hector and Norman Wilson (Figures A3-28 and A3-29) were sons of Alexander Wilson, 
a pioneer pastoralist of Scottish-Irish ancestry (and nephews of Sir Samuel Wilson who was 
instrumental in building Wilson Hall at the University of Melbourne in the 1870s) (Argus 
4/2/1924, Blake 2018). The brothers went into business in the late 1860s purchasing several 
sheep stations including Coongie in Queensland. They were highly successful in their endeavours 
and later returned to Victoria and became prominent pastoralists and horse-racing identities. 
Norman (1849-1924) lived at “Coongy”, in St Kilda; the house is still owned by his descendants 
(BrightonCemetary 2018). Hector (1848-1893) lived at Vectis, near Natimuk in Victoria, until his 
death (HorshamTimes 10/1/1893, HorshamTimes 27/8/1926, Kirkpatrick 2018). 

The brothers’ surname is the most likely origin of the name “Wilson River”, dating from their 
time as owners of Congie (also spelt Coongie) Station at the river’s headwaters in the Grey 
Ranges from 1869 to 1881. They sold up to Duncan Campbell and W. Richardson in 1881, after 
relocating to Cacory (also spelt Caory, Cacoory, Carcory or Kakuri) Station 75 km north of 
Birdsville in 1877. 

The Wilson watercourse was originally called Subrana Creek on early maps and gazettted lists of 
placenames (origin unknown) (Whitworth 1876) but its alternative name Wilson River had 
passed into common use by 1865, notably in Andrew Hume’s and Duncan McIntyre’s expedition 
reports to newspapers. The name began appearing on official maps shortly thereafter 
(Australasian 8/12/1866, RockhamptonBulletin 29/12/1874, StateofQueensland 1870, 
StateofQueensland 1882, StateofQueensland 1897, Pearson 1940, StateofQueensland 1949, 
Kirkpatrick 2018) although Ham’s 1871 map (Figure A3-9) still showed both “Subrana Creek” and 
“Wilson River” (Ham 1871). 

           

Figure A3-9 Map of Queensland compiled by Thomas Ham showing Pastoral Districts of the Confluence 
of Cooper Creek and Subrana Creek/Wilson River (1871). The map shows how little was known about 
the Confluence by early European Settlers. The country was described as “sandy country”, “broken 
country” and “stony country” – descriptions which still apply today. A “Box Forest” is marked between 
today’s Noccundra and Nockaburrawarry Waterholes; a stand of trees was observed there during 
fieldwork in 2013. There is a note on the lower left (circled in red) that states “Flood Waters of Cooper 
Creek fall S to Lake Torrens”, along Strzelecki Creek, over the South Australian border. Source: 
https://gisservices.information.qld.gov.au/arcgis/rest/directories/historicalscans/cad_scans/cad-map-
queensland-map-ham-1871.jpg downloaded 07 October 2017.  
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According to family lore, the Wilsons got on well with the Indigenous population, allowing them 
ongoing access to Country and employing them as cattlemen (Wilson 2018). This information 
contrasts with other Settler accounts of massacres and burnings. I do not know if the family 
were aware that “coongie” in the local language means “devil” (Hercus 1971). However, the 
name could have been taken from a nearby gap in the Grey Ranges through which neighbouring 
Indigenous groups would raid the Wangkumara (Nobbs 1992, FitzSimons 2008, Ebsworth 2009). 

A 1926 newspaper article describes the Wilsons’ Vectis sheep property in Victoria as the place 
where Burke and Wills’ camels were agisted in preparation for their journey (HorshamTimes 
27/8/1926). 

 

Andrew/David Hume 1831-1874 

Hume (Figure A3-30) died after four days without water during a journey in 1874 from “Drynan’s 
station” (Nockatunga?) into the Wilson breakdown area. Hume’s companion O’Hea was never 
found. The third member of the party, L. Thompson, was interviewed by the Rockhampton 
Bulletin, as reported in “Andrew Hume’s Expedition” (pg 2)(RockhamptonBulletin 29/12/1874): 

“Hume, explorer, perished for wont of water about fifty miles from Drynan's station on the way to 
Cooper's Creek...Drynan's station is on the Subrana Creek, or Wilson’s River, 150 miles east of Fort 
Wills, on Cooper’s Creek…Hume left "Knackathunga“ (Drynan’s?) on or about the 1st November… 

“On the 3rd November [1874] we started for Graham's Creek, which was the last from any 
civilisation. After travelling all day till 9'20 p.m. that night, no water. November 4, started again at 
4 o'clock and travelled till 10 o'clock p.m.; then returned to try and find Graham's Creek, as there 
was still no appearance of water. November 6, at 1 o’clock, started again for Graham's Creek-
another day's agony-still no appearance of water…” 

Once again, a bird led a thirsty human to water: 
“On the 7th November I started again, sometimes riding and moving in many attitudes thinking I 
might pull water; then being exhausted, at nine o’clock, I lay down under a bush to perish; when 
there about ten minutes I could hear a crow near me, with the musical sound of “caw caw” that 
renewed a little life in me, knowing I must be near water.” 

The article also quoted a letter to the newspapers that gave a variation on Thompson’s story 
about David (sic) Hume’s party, and made the comment: 

“People acquainted with the country which was the scene of this fatal event say it is inexplicable, as 
the road from the Wilson to Cooper’s Creek is frequently travelled and abundantly watered.” 
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Figure A3-10 Grazing Evaluation Map – Warrego and Gregory South (date unknown, probably 
1870-1880). The Cooper Creek/Wilson River Confluence and Surrounds were described as 
flooded polygonum (lignum) flats alternating with open plains, coolabah channels, sandhills and 
claypans. The waterholes already carry their modern names, mostly anglicised from the 
Wangkumara.The circled notes read A: “The Wilson River has no defined channel here but flows 
over flooded plains” and B: “A large extent of flooded country occurs here. Polygonum channels, 
clay pans and Yapunyah flats. During heavy floods in the Thompson and Barcoo headwaters are 
backed up into Kyabra Creek and flow into the Wilson through Coongie Gap” Source: 
https://gisservices.information.qld.gov.au/arcgis/rest/directories/historicalscans/cad_scans/ca
d-map-misc-map-warrego-and-gregory-south-grazing-evaluation-nd.jpg downloaded 07 October 
2017.  
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Figure A3-11 Warrego and Gregory South Original Runs (1882). Source: 
https://gisservices.information.qld.gov.au/arcgis/rest/directories/historicalscans/
cad_scans/cad-map-warrego-and-gregory-south-original-runs-sh2-1882.jpg 
downloaded 07 October 2017. 

 

Figure A3-12 Warrego and Gregory South Consolidated Runs (1897). The Queensland Government 
originally divided the Cooper Creek/Wilson River Confluence into many small landholdings, but they were 
quickly consolidated. Reliable access to water was, and still is, critical and paddocks and boundaries have 
been situated to take advantage of waterholes and channels. Source: 
https://gisservices.information.qld.gov.au/arcgis/rest/directories/historicalscans/cad_scans/cad-map-
gregory-south-consolidated-runs-1897.jpg downloaded 07 October 2017. 
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Edith McFarlane neé Weidenhӧfer 1903-2012 

McFarlane (Figure A3-31) was born in Adelaide in 1903 of German ancestry, and after finishing 
secondary education became governess at Durham Downs station 1925-. In 2002, in an 
interview for FitzSimons’ 2008 PhD project “Braided Channels”, she described her journey to 
and life at Durham Downs in 1925 (FitzSimons 2008): 

“I promptly packed up my things and went off on a train to Birdsville - to Broken Hill, and from there 
up to the north-west comer of Tibooburra - of New South Wales to Tibooburra on the mail coach 
which was not a coach but a big lorry. Very, very hot weather. Terribly hot weather. Drought 
stricken. The worst drought that had been in that country for quite a long time and I was met at 
Tibooburra by the head stockman whose name happened to be McFarlane. … And he took me the 
rest of the way which was maybe 400 miles I suppose into Queensland on to the Cooper.” (pg 4). 

“The country was completely bare. Not a blade of grass to be seen, and we passed sheep, coming 
into the watering places, a windmill with troughs, and they staggered in. That was in New South 
Wales. Then it came over the border. It went into Queensland, and the waterholes were so low that 
they were only really bog. Mud and a little bit of water, and cattle would - in very weakened 
condition, would go down to get a drink from these meagre little pools of water and of course they 
had to plough through the mud and that was it. They couldn’t come out again. They just couldn’t 
pull themselves out. And many of them were shot there. Others just died there. It was a most tragic 
thing, and perhaps a very bad beginning for a new chum from the city to be witnessing something 
like that. But it still didn’t deter me. Well then from there until I reached Durham, I didn’t see any 
more - I saw the dry country, but I don’t remember seeing any more stock and we travelled on to 
Nockatunga Station which is on the Wilson, and left there quite late in the evening. Um, the 
manager wanted us to stay but I had understood that the car was travelling better in the cool 
weather so I said well I was prepared to go on, not realising just how much further it was going to 
be and we didn’t arrive at Durham until 3 o’clock in the morning. I was exhausted. Absolutely. I had 
never had a long trip like that. Nor been into any country that was so depressing.” (pg 6). 

“The water in the Cooper comes from the Barcoo which comes down through Isisford and the 
Thompson which comes through Longreach, and they meet just above Windorah. Only a 
comparatively few miles from Windorah. The two rivers meet and they form the Cooper. Cooper’s 
Creek. That’s the old joke about the two rivers making a creek. Well as far as I know, the Thompson 
and the Barcoo don’t flood out very far, but from Windorah downwards, the Cooper floods out in a 
- in a good flood it overflows the banks and it’ll - the most we saw was hundred - one hundred miles 
of water from east to west. And because it’s a very slow - low gradient, down to Lake Eyre, the water 
moves very slowly and instead of just rushing down the river as it does from the mountains, it moved 
slowly and it spread out across what we always call flooded ground. And that flooded ground in dry 
seasons cracks and the longer it is dry, the wider the cracks and they are quite deep. Well when the 
water begins to flood out, it sinks down under and it comes up from the cracks which means it’s 
slowing up the growth - the speed of the water all the time, and then as it comes up and it comes 
up all these cracks, massive cracks in a long dry period, a horse could stumble into a crack like that 
and break its leg. They’re so wide. And then the water spreads out over all the flooded ground and 
there might be - after Windorah, it breaks into different channels, and we had um we had one 
channel on the north side of the house and three channels on the western - on the southern side of 
the house [Durham Downs]. From one channel - way out there, the channel out this side was 
somewhere in the vicinity of 50 or 60 miles - no 30 miles, 30 miles of water. Thirty miles of water 
across there, and when that outside channel flooded, and went further than usual and the northern 
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channel went further than usual, we had 60 miles of water from east to west - from north to south. 
Yes, north to south.” (pg 36-37). 

“What did people think about flood? Like was flood a natural disaster? 
Well it, it’s in a way it might be a disaster, especially if you get drowning stock and that sort of thing. 
In - in some of the country there, the sheep were not fenced off from the river and once they got in, 
of course they were washed out. The sheep were hopeless there. And by the way, I said north to 
south. East to west. It was the east to west was 60 miles. Not north to south. It came from the north. 
Um - but the thing is, that after that water goes, the feed is magnificent. Magnificent for fattening 
country, fattening stock, fattening sheep or cattle. And it will last for some months but it isn’t a 
permanent feed. The permanent feed you got would be out on sandhills. Well at Tanbar in 
particular, was sandhill country. Away from the river. And when we had heavy rain, it brought on 
this wonderful feed which would last - dry, it would become dry, but it was still nutritious.” (pg 38). 

McFarlane had come to terms with the life that was so dependent on water at Durham Downs, 
and later with her husband at Nockatunga, but in the end, she returned to the coast. 

“How did you come to feel about that land Edith? Honestly. 
Ah - I’ve got a very soft spot in my heart for it really. Um, I know there is terrible disasters. Its terrible 
droughts. Terrible dust storms. In a dry season the dust was heartbreaking but I still have no regrets 
about having lived there. I wouldn’t want to go back to it.” (pg 38). 

Keith Thallon (1917-1999) 

In 1967, (over 100 years after Jung) the Royal Historical Society of Queensland heard a talk by 
Keith Thallon (Figure A3-32), which still treated the Confluence as a difficult environment 
(Thallon 1967). 

“Cooper's Creek traverses a large area of the great silent Inland. It is a most important river system, 
and is responsible for the creation of much of that distinctive typographical feature of South-West 
Queensland—the Channel Country. It heads up in Central Queensland on the western slopes of the 
Great Divide. The Thompson and Barcoo Rivers come together just north of Windorah to form 
Cooper's Creek. This gives rise to the geographical oddity of two rivers joining forces to form a creek. 

“However, this very fact gives an indication of the character of the Cooper, which, like other inland 
river systems, tends to lose itself out in flat, arid country on the way to its destination in Lake Eyre 
after a strong beginning in areas of higher rainfall. 

“In the border regions through Nappa Merrie pastoral holding in Queensland and Innamincka cattle 
station on the South Australian side, the course of the Cooper contains wide and beautiful stretches 
of water which in dry seasons become isolated waterholes, but never dry up. This life-line of plentiful 
waters and shady trees in an otherwise inhospitable and forbidding land of red sandhills and bare 
Gibber plains explains why the homesteads of these two immense holdings are situated so relatively 
close together, being less than 30 miles apart along the creek. 

“Cooper's Creek has figured prominently in the history of the explorers who were first to penetrate 
the difficult central regions of this continent. Much of this remote "outback" is still largely as the 
pioneers found it, and travelling through it gives one the feeling of, in a sense, sharing in their 
adventures, and details from the logs of their journeys are even now, after the lapse of more than a 
century, constantly brought before the traveller.” (pg 286-287). 
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Figure A3-13 Land Classification and Pastoral Map of Cooper’s Creek Region (1949). The Cooper 
Creek/Wilson River Confluence is still being described as flooded alluvium, sand, and creek flats/claypans. 
Stations are starting to reflect the current arrangement. Source: http://www.qhatlas.com.au/map/land-
classification-channel-country-1949 downloaded 07 October 2017. 
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Table A3.1 Summary of Settler Observations of Environmental Conditions and Seasons, as recorded in journals. 
Abbreviations: CAE Central Australian Expedition, EACRV Expedition to Ascertain the Course of the River Victoria, EISDrL Expedition in Search of Dr Leichhardt, VEE 

Victorian Exploring Expedition, VCP Victorian Contingent Party, VEP Victorian Exploring Party, SABRE South Australian Burke Relief Expedition 

EXPEDITION DATES LANDSCAPE WEATHER BIRDS 

Sturt CAE Jan-Feb 
1845 

Grey Ranges north of Rocky Glen. 

Local waterholes, dry creek beds 

Dry, 55C in shade, 68C in sun.Electrical 
storms, heavy localised rainfalls 

Parrots, pigeons, cockatoos, ducks – migrated as 
waterhole dried out 

Sturt CAE 
return 

Oct 1845 Cooper east of Strzelecki Ck. Many small dry channels, deep clay, “low 
and desolate region”, occasional large waterhole with fish. 

Dry  

Kennedy 
EACRV 

Sept 
1847 

South from Barcoo River. Channels subdivide and dissipate, dry river bed, 
deep fissures, “natives” quit successive waterholes as they dried. 

Dry  

AC Gregory 
EISDrL 

May 
1858 

South from Barcoo/Thomson junction. Principal channels full but clay 
plains dry and no vegetation. 

Localised rains had filled some 
channels. 

 

AC Gregory 
return 

June 
1858 

“boundless expanse of mud plain” and trees lining channels cease, lignum 
and saltbush take over. Grave mounds within past 2 years. 

Dry.  

Wills (Burke 
and Wills) 
VEE 

Nov-Dec 
1860 

Flat sandy plains, banks with gum trees, turbid water, discontinuous 
waterholes and dissipating channels. Noted flood debris high in trees. 

To 43C in shade and 22C at night. Dec 
dry. 42C in shade. Occasional high 
winds and electrical storms (no rain). 

 

Howitt VCP July-Oct 
1861 

Stony hills and southern part of Cooper Ck. 

Sandy areas and polygonum, flowers on sandhills after rain. Deeply 
fissured clay floodplain, dissected with many channels. Water often 
brackish. Channels well timbered, floodplains barren. Further west,, 
redgums and large waterholes with turtle, waterfowl and fish. Flood marks 
much higher than “our heads on horseback. When returning a few weeks 
later, some waterholes had dried up. 

Signs of recent localised rain. Hot 
winds. Clouds gathering from south, 
thunder and lightning but only observed 
heavy rains at a distance. 

Pelicans, spoonbills, cormorants, and other 
waterfowl. 
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Howitt VEP Jan-
Aug1862 

Some areas with water and lush vegetation, others extremely dry. 
Indigenous information about water deep enough to swim in to the 
northwest and no water to the southwest. Flies, mosquitoes, centipedes.. 

Thunderstorms, drizzle and rains, some 
heavy, from late February. 

Few birds, pelicans where waterholes still held 
water (and fish) 

McKinlay 
SABRE 

Oct-Dec 
1861 

Some dry grass here on top of banks up to waist; further out tussocky 
grasses and oats. Bean and fruiting trees. Fish in water, although small 
quantity and drying up fast. Closer to Cooper’s Ck, flooded polygonum 
swamps., sandhills, claypans. 

Temperatures up to 74C in the sun out 
of the wind. Sunrises dead calm, winds 
picking up in afternoons. No rain. 

10s of 1000s of pigeons east of Innamincka in 
Oct. 

Bronze-wing and crested pigeons, parrots, black 
ducks, teal, whistlers, painted widgeons, and 
wood-duck in small number; also parakeets and 
quail. 

McIntyre LSE July 1864 Well-watered in July 1864.   

McIntyre LSE 
return 

Nov-Dec 
1865 

Dry by November 1865, drought early 1866.   

Jung 1865 

 

Wilson River waterholes had dried up, vegetation “consumed down to the 
roots” by starving stock. Rainmaking ceremony, then major flooding. 

After period of (alleged) moderate rain, 
recent years dry. Then massive storm.  

Feathers used in rainmaking ceremonies. 

McFarlane 1925-
1950 

Extremes of 100 mile wide floods and drought, major dust storms. Good 
emporary feed after floods and rain, permanent feed at sandhills. 

Extremes of hot and dry, and violent 
rain storms. Grasshopper plauges. 

Indigenous people still hunting birds for food. 
Ceremonial headgear with feathers. 
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Summary 

European explorer records of the area begin with Sturt’s and Brock’s 1845 observations about 
landscapes, weather, Indigenous peoples, and wildlife, including the flock bronzewing (Sturt 
1847, Brock and Peake-Jones 1975). In 1847 Kennedy travelled Cooper Creek southwards 
through Channel Country as far as the Confluence (Kennedy 1847) followed by Gregory in the 
winter of 1858 (Gregory 1858). Burke and Wills in 1860-61, Howitt in 1861 and 1862, and 
McKinlay in 1861 all visited the Confluence, writing about the difficult terrain, contact with 
Indigenous groups, and the persistent summer heat and lack of water (Howitt 1861, McKinlay 
1861, Howitt 1862, Wills 1863). Early settlers too recorded their impressions of the landscape 
and its climate. Jung and McIntyre described their interactions with the landscape and its 
Indigenous inhabitants in 1865 and 1863-1867 respectively, from the viewpoint of pioneer 
pastoralists (Australasian 8/12/1866, Nobbs 1992). However, these early European explorers 
rarely recorded Indigenous placenames although Wills and particularly Howitt took interest in 
the native groups and their cultures (Howitt 1861, Wills 1863).  

In summary, the early European experience of the Confluence was similar to that of the 
Indigenous population, but their ability to cope with the climate extremes was not as developed. 
As shown in Appendix A2, Indigenous populations treated the area as enabling a comfortable 
existence, with cultural adaptations for wet and dry times. In comparison, much of the early 
European record revolves around the challenges of introducing stock and dealing with 
Indigenous resistance. During a good season, stock feed was abundant and high quality, and 
water availability was widespread. But during the frequent drought conditions, Settlers 
bemoaned one of two hells: rugged dry heat, violent electrical and dust storms, deep fissures 
that could maim stock and horses, and a constant struggle for water and feed; or drenching rain 
and extensive inundation, trapping stock in boggy ground and making the region impassable to 
man and beast. 

In subsequent decades the European (mainly British and German) settlers came to rely on 
Indigenous knowledge including placenames for their own survival (Chapter 14 by Philip Jones 
in (Hercus, Hodges et al. 2002)). 

Table A3.1 summarises Settler observations on landscape, weather and birds. 
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A3.4 The River of the Settlers - Modern Lived Experiences 

Pastoralism on the Confluence started in the late 1800s, with the arrival of European settlers, 
and some of the current inhabitants are direct descendants of those who took up government 
offers of land in the early part of the 20th Century. Many current station residents grew up on 
and around the Confluence, and have many decades of memories. 

 

Changes in attitude since 1860s 

The explorer and early Settler records of Section A3.1 and A3.2 describe an unfamiliar and 
hostile landscape. But over time that foreboding landscape has become more familiar and 
domesticated, and modern Settler concerns mirror Indigenous concerns about sustainability, 
weed and pest control, erosion control, and water purity. This Section discusses the 
contemporary lived experience, using interviews with current residents.  

Early accounts record the Wilson River region as hostile if water was not available. There were 
strong recollections of long-duration droughts and unpredictable large floods, with subsequent 
vegetation responses and fires. By the 2000s, the aridity was being accepted as “normal”. 

The modern lived experience of pastoralists, oil and gas workers, small business operators in the 
towns, tourism operators, itinerant workers, and Indigenous people has been touched on in 
Chapter 2 Section 2.5. Pastoral and industrial activities including the construction of roads and 
farm tracks, water capture and storage, fences, clearance of trees, introduction of exotic flora 
and fauna including pests, and cattle grazing and compaction particularly around water sources, 
fencelines and cattle yards, have been shown to have had some quantifiable effects on water 
distribution on the Cooper Creek/Wilson River Confluence (see Chapter 8). 

Freund has reconstructed multi-century rainfall and has modelled a series of droughts since 
1600. Of note are the Millenium Drought (1997-2009 ongoing), the World War 2 Drought (1935-
1945), The Federation Drought (1895-1903), the Goyder Line Drought (1861-1866), and possibly 
the Great Drought (1809-1814)), which affected the Cooper Creek/Wilson River Confluence 
(Freund, Henley et al. 2017). European exploration of the Confluence often coincided with 
drought conditions, and the current ongoing dry period has been described as one of the most 
severe. Long-term residents have also commented on the increasing duration and temperature 
of summer, and more extreme drying of the landscape in between the occasional large flows. 

 

Desert Channels Rules of Thumb 

Longreach-based and government-funded Desert Channels Queensland Inc is a community-
based organisation “that works to ensure a sustainable social, economic and environmental 
future for the Queensland section of the Lake Eyre Basin” (DesertChannelsQueensland 2006). It 
provides advice, funding and support to assist pastoralists, Indigenous groups, conservations 
bodies, governments at State and local level, and other local residents. 

Amongst their publications, Desert Channels produce Catchment Rules of Thumb posters, which 
summarise, at catchment scale: landscape characteristics; the amount of rain needed for various 
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levels of flow/flood to occur; and the size, speed, duration and frequency of floods at various 
points. The Cooper Creek poster is reproduced for illustrative purposes only in Figure A3-14; the 
full-scale A3 version can be downloaded through the link provided. Whilst useful, these rules-
of-thumb are less detailed as the methods presented in this thesis as they operate on a much 
coarser scale. 

 

 

Figure A3-14 Illustration of Desert Channels Queensland’s Cooper Creek Catchment Flood Rules of 
Thumb Poster (2006). Catchment-scale information on historical flood pulses, speeds, and vegetation 
responses. Similar rules-of-thumb summaries are available for other Channel Country rivers. 
Source: https: //futurebeef.com.au/wp-content/uploads/2017/04/Cooper_Flood_Rules 
of_Thumb_Nov06_A3.pdf downloaded 11 March 2018.  
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Orientos Station Owner and Manager Rodney Betts 

The Betts family arrived at Orientos Station in 1936. George Betts introduced cattle in 1943. His 
son Ross, grandson Rodney, and great-grandson Bradley continued the grazier line. Orientos lies 
to the downstream side of the Confluence. Originally it only covered sandhill country but Ross 
extended it to include Wilson River frontage, including Tookabarnoo Waterhole, to provide 
more reliable access to water. The property can run 5000 head of cattle, using bore water and 
occasional overflows from the Cooper Creek/Wilson River. There are nine pumped bores, mostly 
subartesian and slightly saline under the floodplain (RFDS 2012). 

Rodney, or Rod, (Figure A3-33) was interviewed in 2014 (Orientos 2014) . He recollected that 
small Cooper Creek flows would not reach his property, medium flows would fill his waterholes 
via the Naccowlah (eastern) system, and major flows would fill his waterholes from backflows 
of the western system before the Naccowlah flows reached them from the south. Previously a 
level of 8 feet (2.4m) at Durham Downs would suffice; by the 2010s 10 feet (3m) was required. 

Rod estimated that in the 1980s, one in ten Cooper flows reached his waterholes, in addition to 
a virtually annual Wilson flow. He remembered the 1970s being particularly well-watered, 
resulting in a profusion of trees germinating across the Confluence floodplain. The trees started 
dying in the 2000s as the climate returned to a more typical dry regime, which he called “normal” 
for Orientos. He described large spinifex circles in the 1960s, and big shrubs and bushes in the 
1970s, followed by large fires in the 1970s and subsequent dieback. There were more fires in 
2011, 2013 and 2014. Rod emphasised the major gain in vegetation between 1965 and 1980, 
followed by a major reduction since the mid-2000s. He specifically remembered the marpoo 
Acacia ligulata (which responds well to fire) and lignum Muehlenbeckia florulenta used to be 
concentrated around channels, but in the 1970s expanded to a large area around Yotally 
Waterhole. Those plants are now retreating back to the channels. This is useful to know, because 
for the whole of the satellite record this vegetation has been in retreat yet historically it was not 
as widespread as it now appears. Rod also mentioned “wervine” around creeks in the 1930s, 
and made a comeback in the 2000s after a long absence; I have been unable identify this plant. 

Naryilco Station Manager Ian Halstead 

Ian Halstead (Figure A3-34) had spent 10 years as Manager at Naryilco Station (S.Kidman and 
Co) at time of fieldwork. He provided rainfall records for Naryilco reaching back to the 1950s, 
which show how local conditions were wetter during the 1970s (Naryilco 2014). Figure A3-15 
shows the station in flood. 

Woomanooka (Durham Downs) Outstation Manager Stuart Morton 

Stuart Morton (Figure A3-35) was interviewed during fieldwork in 2014 (Woomanooka 2014). 
Stuart is a life-long resident of the Cooper Creek/Wilson River area, and had been Woomanooka 
Outstation Manager at Durham Downs Station (S.Kidman and Co) for two years at time of 
interview. His experience is that the weather is hotter earlier, and winters are shorter, than they 
were 11 years ago, and the land has been steadily getting drier. He considers fire a benefit as it 
clears the old, dried out grass; he believes the Wangkumara used to burn the grasslands to 
regenerate them. Figure A3-16 shows the homestead.  
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Nappa Merrie Station Manager Peter Degoumis 

Peter “Whip” Degoumis (Figure A3-36) has been living in the Nappa Merrie/Cooper Creek area 
for over 50 years, the past 10 at time of interview (NappaMerrie 2014) as Nappa Merrie Station 
Manager. Nappa Merrie (S.Kidman and Co at time of interview, now Morella Agriculture) uses 
21 bores to run cattle, mainly outside the Cooper Creek/Wilson River Confluence floodplain. 
There are also several large permanent waterholes. “Nappa Merrie” means “water sandhill” in 
the local Yandruwandha language, and there are large dunes that have moved to cover buildings 
and cattle yards since the 1900s. Figure A3-17 shows the homestead. 

Peter recalls the country has always been variable. Each flow would distribute itself differently. 
The station (and Santos) now use bore water to keep dust down on roads, which results in 
waterholes being less dry than 20 years ago. During drought, when ground cover dies, massive 
dust storms can arise. The best feed turns black when dry, and will re-shoot when it rains. Lignum 
used to be cleared by Aboriginal firing of country, but Peter says that no longer occurs. 
Approximately 90% of Nappa Merrie was burned in late 2011, after floods in 2010-11. 

Summary 

Long-term residents on the Confluence all report changes, particularly warming and drying over 
the past decade, and these trends are borne out by data. Several mention the cessation of 
Aboriginal firing of Country, which used to control weeds and help regenerate grasslands. The 
current extent of lignum, for instance, is much greater than in the past, as a result of expansion 
during a wet period in the 1970s; its retreat during recent drought should not be interpreted as 
environmental damage but rather a hastening of a return to pre-1970s extents. 

The use of bore water to dampen the growing number of unsealed roads and tracks on the 
Confluence has been identified as contributing to some locations now being wetter than they 
would be from rainfall and river flows alone. 

Unfortunately, the Managers for Nockatunga and Naryilco, the stations comprising the territory 
of the Marnpi story, were unavailable for detailed interviews during the fieldwork component 
of this project. Also, Rusty Ferguson was nominated to speak to me about Kallali information by 
Kallali Elder Michael Connolly. Apart from some general telephone discussions, I was unable to 
visit due to unseasonal local downpours and flooding cutting off his property at Quilpie. 

Table A3.2 concludes Section A3.4 with a summary of Modern observations on landscape, 
weather and birds. 
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Figure A3-15 Naryilco Station Rainfall Record 1952-2014, with inset 2010 floods. 
Photograph courtesy NKL Contracting/ Kayde Jayne Lehman. Source: 
http://www.centralstation.net.au/from-thargomindah-to-normanton/ downloaded 7 
September 2018. 

 

 

 

Figure A3-16 Woomanooka Outstation, 
Durham Downs. Photograph taken during 
Durham Downs Station aerial survey, 
courtesy Callie C Photography. Source: 
https://photographybycalliec.files.wordpr
ess.com/2012/06/20120510_9565.jpg 
downloaded 5 September 2018. 

 

Figure A3-17 Nappa Merrie Station. 
Photograph courtesy Bonzle/RicWood, 
taken 25 June 2012. Source: 
http://maps.bonzle.com/c/a?a=col&mo
=91927990&pg=0&yr=0&c=44&col=sho
w&or=1&sz=3&fn=z31iibr1 downloaded 
5 September 2018. 

 
 1 

 2 
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Table 8.2 Summary of Modern Observations of Environmental Conditions and Seasons, as recorded in interviews. 
Abbreviations: ORI Orientos, WOOM Woomanooka(Durham Downs), NM Nappa Merrie, NARY Naryilco, WANG Wangkumara, KAL Kallali 

INTERVIEW DATES LANDSCAPE WEATHER BIRDS 

Rod Betts ORI 1930s-
2010s 

Sandhill country, extended to Wilson R frontage for more reliable water. They use bores 
elsewhere. 

Vegetation pulse in 1970s (lignum, trees) now dying back. Spinifex circles and bushes died 
back after fires in 1970s and early 2010s. Liignum expansion in 1965-1980 now reducing 
around Yotally. 

Naccowlah branch flows now need 0.6m higher Cooper level at Durham Downs to reach 
Orientos.1980s 10% flows reached, now very few. 

Used to get more rain. Now get much less rain, 
usually in big weather events. 

Dust storms more common. 

No mention 

Stuart Morton 
WOOM 

2000s-
2010s 

Woomanooka is just off the clay. Land around Durham Downs/Woomanooka is getting drier. 

Fire is a benefit as it clears old dried out grass prepares for new growth. He believes the 
Wangkumara used to fire grasslands to regenerate them. 

Weather seems to be getting hotter earlier and 
winters are shorter than even 11 years ago. 

No mention 

Peter 
Degoumis NM 

1940s-
2010s 

Nappa Merrie is around sandhills and large dunes, and some of the major permanent 
waterholes downstream of the Cooper/Wilson convergence. 

Country has always been variable with each flow distributing differently. 

The station (and Santos) started using bore water for dust suppression so waterholes less 
dry than 20 years ago. 

Best feed goes black when dry and reshoots when it rains. Lignum used to be cleared by 
Indigenous firing, no longer occurs. 

Approx 90% of station burned in late 2011, after the 2010-2011 floods. 

During drought, massive dust storms. 

 

No mention 

Ian Halstead 
NARY 

2000s-
2010s 

Vegetation responded to wet period in 1970s. Rainfall records 1952-2014 show approx. 10 
year cycles of wetter/drier. Recent rainfalls more 
extreme dry/wet. 

No mention 

Hope Ebsworth 
WANG 

(See App A2) 

1950s-
2010s 

Based in Brisbane with work visits to Confluence. 

Vegetation has more weeds. Landscape compaction by cattle, roads, which affect flow 
connectivity. Waterhole banks damaged and silting up as a result of cattle. 

Destruction (deliberate or accidental) of Wangkumara sites. 

 Bronzewing and Duck 
Stories very important. 



APPENDIX A3 – THE SETTLER LIVED EXPERIENCE OF THE STUDY AREA 
 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page A3-33 

Malcolm 
Ebsworth 
WANG 

(See App A2) 

1950s-
2010s 

Based on Confluence and at Eromanga. 

Similar comments to Hope Ebsworth. 

 Marnpi was grey/brown 
(not rainbow winged). 

Rusty 
Ferguson KAL 
representative 

(See App A2) 

1950s-
2010s 

Based more towards Thargomindah/Quilpie. Similar comments to Hope Ebsworth about the 
upper Wilson and Kallali sites were made during telephone conversation in 2016 when I 
was planning an interview trip; trip was cancelled due to unseasonal rains and flooding. 

  

 

 

 

Section A3-5 follows, with images of deceased persons on the next 2 pages 
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A3.5 People of Significance 

                                                                      

 

 

 

 

 

                                                                                 

 

                                                              

 

 

 

                                                                     

 

 

 

 

  

Figure A3-18 Portrait of Sturt 
1850 From Charles Sturt - His 
Life and Journeys of 
Exploration by J. H. L. 
Cumpston (1951). Public 
domain. Source: http://gut 
enberg.net.au/ebooks07/0700
391h.html downloaded 11 
March 2019. 

Figure A3-19 Portrait of 
Brock c1860. From The 
Turner Mob public page. 
Source: http://www.turner 
mob.com/getperson.php?pe
rsonID=I1419&tree=turner 
downloaded11 March 2019. 

Figure A3-20 Portrait of 
Kennedy.1847. From Northmost 
Australia by Robert Logan Jack 
(1921), quoting Stories of 
Australian Exploration by Charles 
R. Long (1913). Public domain. 
Source: http://gutenberg.net.au/e
books06/0601141h-images/perso 
n-09.jpg download 11 March 2019.

Figure A3-21 Portrait of 
Gregory c1870. From the 
National Library of Australia 
collection. Public domain. 
Source: https:// nla.gov.au/ 
nla.obj-137038279/view 
downloaded 11 March 2019.

Figure A3-22 Portrait of Burke 
1860. From Northmost Australia 
by Robert Logan Jack (1921), 
quoting Stories of Australian 
Exploration by Charles R. Long 
(1913). Public domain. Source: 
http://gutenberg.net.au/ebooks
06/0601141h-images/person-
12.jpg downloaded 11 March 
2019. 

Figure A3-23 Portrait of Wills 1860. 
From Northmost Australia by 
Robert Logan Jack (1921), quoting 
Stories of Australian Exploration by
Charles R. Long (1913). Public 
domain. Source:  
http://gutenberg.net.au/ebooks06
/0601141h-images/person-13.jpg 
downloaded 11 March 2019. 

Figure A3-24 Portrait of Howitt 
c1861. From William Strutt album 
illustrating the Burke and Wills 
expedition from Cooper's Creek to 
Carpentaria, Aug 1860-June 1861. 
Public domain. Source: 
https://en.wikipedia.org/wiki/Alfre
d_William_Howitt#/media/File:Alfr
ed_William_Howitt_circa_1861.jpg 
downloaded 11 March 2019. 

Figure A3-25 Portrait of McKinlay 
1870. From Northmost Australia by 
Robert Logan Jack (1921), quoting 
Adelaide old and new, 1836-1913 : 
a pictorial contrast by Julius 
Feldheim (1913). Public domain. 
Source: http://gutenberg.net.au/e 
books06/0601141h-images/person 
-15.jpg downloaded 11 March 
2019. 

Figure A3-26 Portrait of 
McIntyre 1865. From a 
photograph by A. McDonald. 
Public domain. Source: 
https://en.wikipedia.org/wi
ki/Duncan_McIntyre_(explor
er)#/media/File:Duncan_Mc
Intyre_(Explorer).tif 
downloaded 11 March 2019.
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Figure A3-27 Jung’s Der 
Weltteil Australien… (The 
Continent Australia) in 4 
volumes 1882-1883.
Public domain. Source: 
https://trove.nla.gov.au/
work/228836304?q&versi
onId=251453340 
downloaded 11 March 

Figure A3-30 Portrait of Hume 
1874. From the State Library of 
Queensland (John Oxley 
Library) collection. Public 
domain. Source: http://hdl.han 
dle.net/10462/deriv/199882 
downloaded 11 March 2019. 

Figure A3-29 Portrait of 
Norman Wilson 1910. From 
article Victorian Club Secretary 
in The Herald (Melbourne, Vic 
1861 - 1954), 26 November 
1910. Public domain. Source: 
http://nla.gov .au/nla.news-
article241983876 downloaded 
11 March 2019. 

Figure A3-28 Portrait of Hector 
Wilson 1876. From Frederick 
Woodhouse snr’s painting of the 
Victoria Gold Cup, at the inaugural 
Victoria Amateur Turf Club meeting, 
Dowling Forest Racecourse, Ballarat 
on 24 March 1876. Reproduced 
courtesy of Melbourne Racing Club 
and the Australian Racing Museum. 

Figure A3-31 Portrait of 
McFarlane c1925. From 
Great Australian Story public 
website. Source: https://gr 
eataustralianstory.com.au/s
ites/default/files/Edith%20
McFarlane%2021_0.JPG 
downloaded 11 March 2019.

Figure A3-32 Portrait of Thallon 
1954. From Courier Mail Friday 23 
April 1954, celebrating the outback 
driver and dairy farmer’s world 
record 24-hour distance (Brisbane 
to Melbourne)! Public domain. 
Source: https://trove.nla.gov.au/n
ewspaper/article/50573801/20439
37 downloaded 11 March 2019. 

Figure A3-33 Orientos 
Station Owner and 
Manager Rod Betts. 
Photograph courtesy 
of Orientos Station 
2013. 

Figure A3-36 Nappa 
Merrie Station Manager 
Peter “Whip” Degoumis. 
Photo courtesy Nathan 
Dyer. Source: https://ww 
w.nathandyer.com.au/wp-
content/uploads/2017/ 
07/NAPPA-MERRIE-Final2. 
pdf downloaded 30 
November 2019. 

Figure A3-35 Woomanooka 
(Durham Downs) Station 
Manager Stuart Morton.
Photo courtesy Hancock 
Prospecting. Source: https: 
//www.hancockprospecting.
com.au/wp-content/upload 
s/2018/09/Hancock-Kidm 
an-Newsletter-September-
2018.pdf downloaded 30 
November 2019. 

Figure A3-34 Naryilco 
Station Manager Ian 
Halstead. Source: 
https://www.linkedin
.com/in/ian-halstead-
296508136/detail/ph
oto/ downloaded 30 
November 2019. 
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APPENDIX A4 
FIELD WORK NOTES 

 
 

 
 

A4.1 Fieldwork locations and observations 
Locations 
Site Observations - Noccundra 
Site Observations - Nockatunga 
Site Observations – Meringhina 
Site Observations – Naccowlah 
Site Observations – Yotally 
Site Observations – Tookabarnoo 
Site Observations – Goonababbina 
Site Observations – Adventure Way, Nappa Merrie etc 
Site Observations – Water Quality 

 
A4.2 Cropscan data 

MSR15 Reflectance 
 
A4.3 Logger data 

Odyssey Logger Data 
 

A4.4 Sediment sample data 
Plant Health Certificates for Interstate Movement of Plant Material for Queensland 
Soil Composition 
Soil Moisture 
Soil Stability 

 
A4.5 Fieldwork Photographs 

June 2010-January 2011 – Study sites - aborted 
June 2013 - Winter study sites 
January 2014 – Summer study sites 
May 2016 – Autumn, post rain 
June 2016 – Winter interviews - aborted 

 
A4.6 Fieldwork Worksheets 2013 and 2014 

 

(A3 pages – zoom in for details – original spreadsheets available on request) 
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A4.1 Fieldwork locations and observations 
 
Locations 
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Site Observations - Noccundra 
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Site Observations - Nockatunga 

  



APPENDIX A4 FIELD WORK NOTES 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page A4-5 
 

Site Observations – Meringhina 
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Site Observations – Naccowlah 
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Site Observations – Yotally 
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Site Observations – Tookabarnoo 
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Site Observations – Goonababbina 
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Site Observations – Adventure Way, Nappa Merrie etc 
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Site Observations – Water Quality 
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A4.2 Cropscan data 
 
MSR15 Reflectance 
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A4.3 Logger data 
 
Odyssey Logger Data 
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A4.4 Sediment sample data 
 
Plant Health Certificates for Interstate Movement of Plant Material for Queensland 
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Soil Stability 
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Soil Composition 
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Soil Moisture 
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Soil Moisture FT1 June 2013 

 
 
Soil Moisture FT2 January 2014 
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A4.5 Fieldwork Photographs 
 
 

June 2010 to January 2011 – repeated aborted attempts at fieldwork 

  
 
 
 

June 2013 – Winter study sites 
(Photographs by D.Kucharska and R.Young). 

 

 
Nearly didn’t get there! Red are roads north of Broken Hill closed by flash flooding. 

NSW Unincorporated Area Road Condition Report as at 13 June 2013. Public document. 
 

 
Roads finally re-opened the next day, after 4-day wait in Broken Hill. 

 

True colour Landsat 5 images (tile 96/79) of 
Confluence flood pulses in March 2010 and January 
2011; several more flow pulses occurred in 
between, on both the Nguku-Cooper Creek and 
KaRirra-Wilson River. Didn’t even try to run 
fieldwork over this period. 

Landsat 5 jpgs LT50960792010047ASA00 and 
LT50960792011018ASA00. Courtesy Landsat. 
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Evidence of recent flood, Nockatunga 

 
Gilgai and channels between, Yotally Waterhole 

area off the end of the sand spit. 
 

 
Access to Tookabarnoo is across claypans, where it 

is safest to follow existing tracks. 

 
Cropscan at Meringhina 

 
Confluence edge (red soils to west of track, grey 

gilgai to east) near Tookabarnoo 
 

 
Cattle and other animals (feral pigs, dogs, goats, 

and horses) are an everpresent hazard. 
 

 
Tookabarnoo Waterhole 18 June 2013 
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January 2014 – Summer study sites 
(Photographs by D.Kucharska and C.Crain). 

 

 
Nearly didn’t get out of Victoria – fires necessitated detours around clusters of orange and yellow warnings. 

Victorian Country Fire Authority bushfire map from 16 January 2014. Public document. 
 

 
Five days later…into the Confluence where more fires were burning. Luckily, we were able to mostly avoid 

them. Red dashed lines are approximate lines of travel; red circles highlight danger zones. 
North Australia Fire Information map of hotspots 21 January 2014. Received from Santos, public document. 

 

  
Coming west from Thargomindah, start of Confluence floodplain looking west along Adventure Way. 

Very hot and dry. Even the wedge-tailed eagles couldn’t eat the sundried jerky. 
(The rest of the cow was about 200m up the road – it must have been a severe vehicle impact to rip it in half). 
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“Rotten” clay plains, with dessicated grasses and deep cracking, near Meringhina 

 
 

 
Fires and dust-storms on the Confluence. Middle 
Road near Yotally, around 1pm 24 January 2014. 

 

 
The view through the car window when it started 

to rain as well. Time to pull over. 

 
Working inside airconditioned vehicle as external 
temperature > laptop max operating temperature 

 

 
Fierce temperatures on the Confluence in January 
2014 (max 49.3C at nearby Moomba on the 4th). 
Source: http://www.bom.gov.au/jsp/awap/temp 
/archive.jsp?colour=colour&map=maxave&year=2
014&month=1&day=24&period=daily&area=nat 
downloaded 17 November 2019. Courtesy 
Australian Bureau of Meteorology. 

 

 
Tookabarnoo Waterhole 24 January 2014  
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May 2016 – Autumn, post-rain via aircraft and minibus 
(Photographs by D.Kucharska). 

 

 
Confluence rainfall deciles in May 2016 highest on 

record. Source: http://www.bom.gov.au/jsp/ 
awap/rain/archive.jsp?colour=colour&map=decile
&year=2016&month=5&period=month&area=nat 

downloaded 17 November 2019. Courtesy 
Australian Bureau of Meteorology. 

 

  
Causeway at Innamincka flooded, sunset 16 May. 
Note high water mark on road, from a few hours 

earlier. River depth approx 9 m for a short period. 

 
Adventure Way Confluence landscape with 

pooling, near Nappa Merrie. 
 
 

 
Channel near Nappa Merrie and the Dig Tree 16 

May 2016, far from full in spite of the rains. 

 
 

June 2016 – Winter, interview trip cancelled due to rain closing all access roads 

 
Rainfall (mm) for week ending 9 June 2016. Source: 

http://www.bom.gov.au/jsp/awap/rain/archive.jsp?colour=colour&map=totals&year=2016&month=6& 
day=9&period=week&area=nat downloaded 17 November 2019. Courtesy Australian Bureau of Meteorology. 

 
 

And finally, an attractive demonstration of vegetation response to water 

 
  

Channel Country. 
Water starting to flow into channels near Windorah, 
4 August 2016. Supplied by Helen Kidd. 
 
Source: https://www.abc.net.au/news/ru ral/2016-
08-04/channel-country-channels/7687738 
downloaded 17 November 2019. Courtesy Australian 
Broadcasting Corporation. 
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A4.6 Fieldwork Worksheets 2013 and 2014 
 

Worksheet and Instructions 2013 
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Worksheet 2014 
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APPENDIX A5 
PROGRAM CODE 

 
 

 
 

A5.1 ENVI-IDL data extraction from DNRM Landsat dataset – djk4.pro 
A5.2 MATLAB Cropscan dataset manipulation – pixel WBV classification 
A5.3 ENVI-IDL Landsat WBV decision tree – area WBV classification 
A5.4 MATLAB Landsat dataset manipulation – waterhole PIE 
A5.5 MATLAB Landsat dataset manipulation – Ribbons – idlribs.mat 

 
 

SUMMARY OF METHOD 
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A4.1 ENVI-IDL data extraction from DNRM Landsat dataset 

                        

 

djk4.pro 

 

Given a defined ROI 
(drawn and saved in 

ENVI and pre-
processed in Excel), 

this IDL program runs 
through all the files in 

the list, attaches a 
Julian date, and 

extracts all values 
along that ROI from 
each file. Output is 

csv format. 
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A4.2 MATLAB Cropscan dataset manipulation – pixel WBV classification 

                                

 

MSRFIXresults.xlsx 

 

The raw data from 
the MSR unit is 
converted into 

reflectance by the 
proprietary Cropscan 
software, and output 
as csv files that can 
be read into Excel. 

The band values are 
then converted into 

index values using the 
formulae shown. 

The reference to “fix” 
refers to the 

correction of a 
parameter error in 
the original raw-to-

reflectance 
conversion, and was 

used to prevent 
mixing up the results 

with the earlier 
incorrect ones. 
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scatplot3indexVBVE.
m 

 

Takes the NDVI, 
NDWI and GSI values 
calculated earlier and 
plots them in various 
combinations in 2D 

and 3d. 
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A4.3 ENVI-IDL Landsat WBV decision trees – area WBV classification 
 
Combinations include NDVI/McFeeter’s NDWI, WBV using McFeeter’s, NDVI/Gao’s NDWI, and WBV using Gao’s. 
 

        

                                     

vimcf 
 
ENVI Decision Tree Text File 
(version=1.0) 
 
begin node 
  name = "W mcf" 
  type = Decision 
  location = 1,1 
  expression = "b2 GT 0" 
end node 
 
begin node 
  name = "W" 
  type = Result 
  location = 2,2 
  parent name = "W mcf" 
  parent decision = Yes 
  class value = 1 
  class rgb = 0,0,255 
end node 
 
begin node 
  name = "V vi" 
  type = Decision 
  location = 2,1 
  parent name = "W mcf" 
  parent decision = No 
  expression = "b1 GT 0.2" 
end node 
 
begin node 
  name = "V" 
  type = Result 
  location = 3,2 
  parent name = "V vi" 
  parent decision = Yes 
  class value = 3 
  class rgb = 0,255,0 
end node 
 
begin node 
  name = "B" 
  type = Result 
  location = 3,1 
  parent name = "V vi" 
  parent decision = No 
  class value = 2 
  class rgb = 255,255,0 
end node 
 
begin variable 
  variable name = "b1" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l52009f
ixtookvi" 
  file pos = 1 
end variable 
 
begin variable 
  variable name = "b2" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l52009f
ixtookmcf" 
  file pos = 1 
end variable 
********************************* 

wbvmcf 
 
ENVI Decision Tree Text File (version=1.0) 
 
begin node 
  name = "W mcf" 
  type = Decision 
  location = 1,1 
  expression = "b2 GT -0.175" 
end node 
 
begin node 
  name = "W" 
  type = Result 
  location = 2,2 
  parent name = "W mcf" 
  parent decision = Yes 
  class value = 1 
  class rgb = 0,0,255 
end node 
 
begin node 
  name = "V1 vniri" 
  type = Decision 
  location = 2,1 
  parent name = "W mcf" 
  parent decision = No 
  expression = "b7 GT 0.25" 
end node 
 
begin node 
  name = "V1 vniri" 
  type = Result 
  location = 3,2 
  parent name = "V1 vniri" 
  parent decision = Yes 
  class value = 3 
  class rgb = 0,255,0 
end node 
 
begin node 
  name = "V1 mcf" 
  type = Decision 
  location = 3,1 
  parent name = "V1 vniri" 
  parent decision = No 
  expression = "b2 LT -0.4" 
end node 
 
begin node 
  name = "V1 mcf" 
  type = Result 
  location = 4,2 
  parent name = "V1 mcf" 
  parent decision = Yes 
  class value = 4 
  class rgb = 0,139,0 
end node 
 
begin node 
  name = "B vniri" 
  type = Decision 
  location = 4,1 
  parent name = "V1 mcf" 
  parent decision = No 
  expression = "b7 LT (3.5-0.1*b1)" 
end node 
 

vigao 
 
ENVI Decision Tree Text File 
(version=1.0) 
 
begin node 
  name = "W gao" 
  type = Decision 
  location = 1,1 
  expression = "b3 GT 0" 
end node 
 
begin node 
  name = "W" 
  type = Result 
  location = 2,2 
  parent name = "W gao" 
  parent decision = Yes 
  class value = 1 
  class rgb = 0,0,255 
end node 
 
begin node 
  name = "V gao" 
  type = Decision 
  location = 2,1 
  parent name = "W gao" 
  parent decision = No 
  expression = "b1 GT 0.2" 
end node 
 
begin node 
  name = "V" 
  type = Result 
  location = 3,2 
  parent name = "V gao" 
  parent decision = Yes 
  class value = 3 
  class rgb = 0,255,0 
end node 
 
begin node 
  name = "B" 
  type = Result 
  location = 3,1 
  parent name = "V gao" 
  parent decision = No 
  class value = 2 
  class rgb = 255,255,0 
end node 
 
begin variable 
  variable name = "b1" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l52009f
ixtookvi" 
  file pos = 1 
end variable 
 
begin variable 
  variable name = "b2" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l52009f
ixtookmcf" 
  file pos = 1 
end variable 
 
begin variable 
  variable name = "b3" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l52009f
ixtookgao" 
  file pos = 1 
end variable 
********************************* 

wbvgao 
 
ENVI Decision Tree Text File (version=1.0) 
 
begin node 
  name = "W gao" 
  type = Decision 
  location = 1,1 
  expression = "b3 GT 0" 
end node 
 
begin node 
  name = "W" 
  type = Result 
  location = 2,2 
  parent name = "W gao" 
  parent decision = Yes 
  class value = 1 
  class rgb = 0,0,255 
end node 
 
begin node 
  name = "V1 vi" 
  type = Decision 
  location = 2,1 
  parent name = "W gao" 
  parent decision = No 
  expression = "b1 GT 0.2" 
end node 
 
begin node 
  name = "V1 vniri" 
  type = Result 
  location = 3,2 
  parent name = "V1 vi" 
  parent decision = Yes 
  class value = 3 
  class rgb = 0,255,0 
end node 
 
begin node 
  name = "V2 gao" 
  type = Decision 
  location = 3,1 
  parent name = "V1 vi" 
  parent decision = No 
  expression = "b1 LT 0" 
end node 
 
begin node 
  name = "B1 gao" 
  type = Result 
  location = 4,2 
  parent name = "V2 gao" 
  parent decision = Yes 
  class value = 4 
  class rgb = 255,215,0 
end node 
 
begin node 
  name = "B vniri" 
  type = Decision 
  location = 4,1 
  parent name = "V2 gao" 
  parent decision = No 
  expression = "b7 LT (0.5)" 
end node 
 
begin node 
  name = "B2 vniri" 
  type = Result 
  location = 5,2 
  parent name = "B vniri" 
  parent decision = Yes 
  class value = 5 
  class rgb = 255,255,0 
end node 
 
begin node 
  name = "V2 vniri" 
  type = Decision 
  location = 5,1 

begin node 
  name = "Bare" 
  type = Result 
  location = 5,2 
  parent name = "B vniri" 
  parent decision = Yes 
  class value = 5 
  class rgb = 255,255,0 
end node 
 
begin node 
  name = "V2" 
  type = Result 
  location = 5,1 
  parent name = "B vniri" 
  parent decision = No 
  class value = 2 
  class rgb = 255,0,0 
end node 
 
begin variable 
  variable name = "b1" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l5200
9fixtookvi" 
  file pos = 1 
end variable 
 
begin variable 
  variable name = "b2" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l5200
9fixtookmcf" 
  file pos = 1 
end variable 
 
begin variable 
  variable name = "b7" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l5200
9fixtookvniri" 
  file pos = 1 
end variable 
******************************* 

begin node 
  name = "V2 vniri" 
  type = Result 
  location = 6,2 
  parent name = "V2 vniri" 
  parent decision = Yes 
  class value = 6 
  class rgb = 0,139,0 
end node 
 
begin node 
  name = "B3 vniri" 
  type = Result 
  location = 6,1 
  parent name = "V2 vniri" 
  parent decision = No 
  class value = 2 
  class rgb = 255,0,0 
end node 
 
begin variable 
  variable name = "b1" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l52009fi
xtookvi" 
  file pos = 1 
end variable 
 
begin variable 
  variable name = "b2" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l52009fi
xtookmcf" 
  file pos = 1 
end variable 
 
begin variable 
  variable name = "b7" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l52009fi
xtookvniri" 
  file pos = 1 
end variable 
 
begin variable 
  variable name = "b3" 
  file name = "D:\Darth 
RS\IDL\mlab jp0-
5\ENVIclassing\200906\l52009fi
xtookgao" 

 
  file pos = 1 
end variable 
 

******************************* 
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A4.4 MATLAB Landsat dataset manipulation – waterhole PIE 

                    

 

PDFSFIGS.m 

 

Manual version used 
due to PC limitations. 

For each pre-defined 
ROI, by name and 

length, various MATLAB 
statistical methods are 

applied. 
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A4.5 MATLAB Landsat dataset manipulation - Ribbons 

 

 

IDLRIBS.m 

 

Same method for 
transects and thals; 

only the input/ 
intermediate/ output 

file names vary. 

Individual ROI can be 
run by defining a 

biglooproi. 
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A6.1   Remote Sensing of Remote Dryland Rivers: A Case Study of Anastomosing Behaviour on a Cooper 
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21Oct11. 

A6.2   A Tool to Study Long Timeseries Spatial Flow Patterns - Ribbon Plots of the Cooper Creek/Wilson River 
Floodplain, Presentation, MSE Dept of Infrastructure Engineering Water Group 3 Minute Thesis, 
University of Melbourne, 21Aug13. 

A6.3   The Power of Three Analysis of Anastomosed Floodplains - A 3-Minute Progress Report, Proceedings 
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A6.4   Understanding Hydrogeomorphic Interactions on a Multiple-Channel Floodplain – Cooper Creek Case 
Study Progress Report, Proceedings and Presentation, 2014 Postgraduate Conference, University of 
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A6.5   Understanding Hydrogeomorphic Interactions on a Multiple-Channel Floodplain – Cooper Creek Case 
Study 2015 Progress Report, Proceedings and Presentation, 2015 Postgraduate Conference, University 
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A6.6   The Journey of Marnpi, Proceedings and Presentation, 2016 Postgraduate Conference, University of 
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A6.8   Understanding Anastomosed Landscapes Through Satellite and Indigenous Eyes, Proceedings and 
Presentation, 2018 Postgraduate Conference, University of Melbourne, 08Nov18. 

A6.9   Understanding Anastomosed Landscapes Through Satellite and Indigenous Eyes, Proceedings and 
Presentation, 2019 Postgraduate Conference, University of Melbourne, 07Nov19. 

A6.10   Understanding Anastomosed Landscapes Through Satellite and Indigenous Eyes, Proceedings and 
Presentation, 2020 Online Postgraduate Conference, University of Melbourne, 26Nov20. 

A6.11   It Would Be A Lake If It Could: Changing Water Flows on a Cooper Creek Floodplain, Poster 
presentation, 15th International Conference for Women Engineers and Scientists, Adelaide, 19-22Jul11. 

A6.12   Ribbon Plots - A Spatial Flow Analysis Tool for Stable Multiple-Channel Drainage Networks, 
Conference Paper and Presentation (peer reviewed), MODSIM13, Adelaide, 1-6Dec13. 

A6.13 Communicating Across the Great Divide, Presentation, 1st Annual Student Led Conference “Second 
Soul Acquisition”, Melbourne Applied Linguists Group, University of Melbourne, 17Oct14. 

A6.14 Changes in Inundation patterns for Anastomosed River Landscape Units at Decadal Scales, Conference 
Paper and Presentation (peer reviewed) and Winner Best Student Oral Presentation,11th International 
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A6.1   Remote Sensing of Remote Dryland Rivers: A Case Study of Anastomosing Behaviour on a 
Cooper Creek Floodplain, Poster & Proceedings, 2011 Postgraduate Conference, University of 
Melbourne, 21Oct11. 
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A6.2   A Tool to Study Long Timeseries Spatial Flow Patterns - Ribbon Plots of the Cooper 
Creek/Wilson River Floodplain, Presentation, MSE Dept of Infrastructure Engineering Water 
Group 3 Minute Thesis, University of Melbourne, 21Aug13. 
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A6.3   The Power of Three Analysis of Anastomosed Floodplains - A 3-Minute Progress Report, 
Proceedings and Presentation, 2013 Postgraduate Conference, University of Melbourne, 
15Nov13. 
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A6.4   Understanding Hydrogeomorphic Interactions on a Multiple-Channel Floodplain – Cooper 
Creek Case Study Progress Report, Proceedings and Presentation, 2014 Postgraduate 
Conference, University of Melbourne, 07Nov14. 
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A6.5   Understanding Hydrogeomorphic Interactions on a Multiple-Channel Floodplain – Cooper 
Creek Case Study 2015 Progress Report, Proceedings and Presentation, 2015 Postgraduate 
Conference, University of Melbourne, 13Nov15. 
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A6.6   The Journey of Marnpi, Proceedings and Presentation, 2016 Postgraduate Conference, 
University of Melbourne, 11Nov16. 
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A6.7   Understanding Anastomosed Landscapes Through Satellite and Indigenous Eyes, 
Proceedings and Presentation, 2017 Postgraduate Conference, University of Melbourne, 
10Nov17. 

 



APPENDIX A6 PUBLICATIONS 

 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page A6-9 
 

A6.8   Understanding Anastomosed Landscapes Through Satellite and Indigenous Eyes, 
Proceedings and Presentation, 2018 Postgraduate Conference, University of Melbourne, 
08Nov18. 
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A6.9   Understanding Anastomosed Landscapes Through Satellite and Indigenous Eyes, 
Proceedings and Presentation, 2019 Postgraduate Conference, University of Melbourne, 
07Nov19. 
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A6.10   Understanding Anastomosed Landscapes Through Satellite and Indigenous Eyes, 
Proceedings and Presentation, 2020 Online Postgraduate Conference, University of 
Melbourne, 26Nov20. 
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A6.11   It Would Be A Lake If It Could: Changing Water Flows on a Cooper Creek Floodplain, Poster 
presentation, 15th International Conference for Women Engineers and Scientists, Adelaide, 
19-22Jul11. 
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A6.12   Ribbon Plots - A Spatial Flow Analysis Tool for Stable Multiple-Channel Drainage Networks, 
Conference Paper and Presentation (peer reviewed), MODSIM13, Adelaide, 1-6Dec13. 
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A6.13 Communicating Across the Great Divide, Presentation, 1st Annual Student Led Conference 
“Second Soul Acquisition”, Melbourne Applied Linguists Group, University of Melbourne, 
17Oct14. 
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Figure A7-1 Thals and Waterholes selected for Ribbon Plots. 
 
Figure A7-2 Ribbon Plots for Selected Thals. 
(a) CCWN Cooper Creek West North of Adventure Way 
(b) CCWS Cooper Creek West South of Adventure Way 
(c) CCEN Cooper Creek East North of Adventure Way 
(d) CCES Cooper Creek East South of Adventure Way 
(e) WILNTH Wilson River North 
(f) WILMIDE Wilson River Mid-East 
(g) WILMIDW Wilson River Mid-West 
(h) WILSTH Wilson River South 
(i) TOOK Tookabarnoo reach of Wilson River 
(j) Transect WRTRANS across Wilson breakdown region 
(k) Transect AWNTH directly north of Adventure Way 
(l) Transect AWSTH directly south of Adventure Way 

 
Figure A7-3 Ribbon Plots for Selected Waterhole Thals. 
(a) Meringhina Waterhole 
(b) Naccowlah Waterhole 
(c) Goonababbina Waterhole 
(d) Tookabarnoo Waterhole 
(e) Yotally Waterhole 
(f) Nockatunga Waterhole 
(g) Padi Padi Waterhole area 

 

  



APPENDIX A7 – RIBBON PLOTS 
 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page A7-2 
 

 
Figure A7-1 Thals and Waterholes selected for Ribbon Plots. Cross-references to Figures A7-2 and A7-3 shown. Underlying imagery courtesy GoogleEarth. 

 

CCWN Cooper Creek West-north of Adventure Way 
CCWS Cooper Creek West-south of Adventure Way 
CCEN Cooper Creek East-north of Adventure Way 
CCES Cooper Creek East-south of Adventure Way 
AWNTH Transect across Cooper Creek directly north of Adventure Way 
AWSTH Transect across Cooper Creek directly south of Adventure Way 

WILNTH Wilson River North 
WILMIDE Wilson River Mid-East 
WILMIDW Wilson River Mid-West 
WILSTH Wilson River South 
TOOK Tookabarnoo reach of Wilson River 
WRTRANS Transect across the Wilson River breakdown region 

        Scale: 40 km (in 8 km segments) 

CCEN Fig A7-2(c) 

CCWN Fig A7-2(a) 

CCWS Fig A7-2(b) 

CCES Fig A7-2(d) 

WILNTH Fig A7-2(e) 
WILMIDE Fig A7-2(f) 

WILMIDE Fig A7-2(g) 

WILSTH Fig A7-2(h) 

WRTRANS Fig A7-2(j) 

TOOK Fig A7-2(i) 

AWNTH Fig A7-2(k) 

AWSTH Fig A7-2(l) 

 Meringhina WH Fig A7-3(a) 

 Naccowlah WH Fig A7-3(b) 

Goonababbina WH Fig A7-3(c)  

Tookabarnoo WH Fig A7-3(d)  

Yotally WH Fig A7-3(e)  

 Nockatunga WH Fig A7-3(f)

 Padi Padi WH Fig A7-3(g)
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Figure A7-2 Ribbon Plots for Selected Thals. Columns are NDVI (left) and WBV using Gao’s and McFeeter’s NDWI 
respectively (centre and right); legends as shown on left. Blue arrow is normal flow direction. (Waterholes in italics are for 
location reference only). Underlying imagery courtesy GoogleEarth.  
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(a) CCWN Cooper Creek West North of Adventure Way (1130 pixels) – NDVI, WBV(Gao), WBV(McFeeters) 
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Figure A7-2 Ribbon Plots for Selected Thals (ctd).  
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(c) CCEN Cooper Creek East North of Adventure Way (1137) pixels) – NDVI, WBV(Gao), WBV(McFeeters) 
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Figure A7-2 Ribbon Plots for Selected Thals (ctd).  
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(e) WILNTH Wilson River North (791 pixels) – NDVI, WBV(Gao), WBV(McFeeters)  
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Figure A7-2 Ribbon Plots for Selected Thals (ctd).  
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(h) WILSTH Wilson River South (982 pixels) – NDVI, WBV(Gao), WBV(McFeeters) NDVI 1 
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(g) WILMIDW Wilson River Mid-West (2050 pixels) – NDVI, WBV(Gao), WBV(McFeeters) 
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Figure A7-2 Ribbon Plots for Selected Thals (ctd).  

(j) Transect WRTRANS across Wilson breakdown region (2663 pixels) – NDVI, WBV(Gao), WBV(McFeeters) NDVI 1 
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(i) TOOK Tookabarnoo reach of Wilson River (1839 pixels) – NDVI, WBV(Gao), WBV(McFeeters) 
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Figure A7-2 Ribbon Plots for Selected Thals (ctd).  
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NDVI 1 

NDVI 0 

NDVI -1 

 

Water 

Bare 

Vegetated 
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Figure A7-3 Ribbon Plots for Selected Waterhole Thals. 
Waterhole Ribbon Plots using visually-identified sill-to-sill thals. Legend on right. Blue arrow is direction of normal flow. 

(a) Meringhina Waterhole (82 pixels) WBV using Gao’s NDWI - Permanent 
(b) Naccowlah Waterhole (174 pixels) WBV using McFeeter’s NDWI - Intermittent 
(c) Goonababbina Waterhole (180 pixels) WBV using McFeeter’s NDWI - Permanent 
(d) Tookabarnoo Waterhole (108 pixels) WBV using Gao’s NDWI - Intermittent 
(e) Yotally Waterhole (42 pixels) WBV using McFeeter’s NDWI - Ephemeral 
(f) Nockatunga Waterhole (113 pixels) WBV using McFeeter’s NDWI – Permanent 
(g) Padi Padi Waterhole area (324 pixels) WBV using McFeeter’s NDWI – Ephemeral (Scale different) 

Underlying imagery courtesy GoogleEarth. 
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LIST OF 3RD PARTY COPYRIGHT MATERIALS AND PERMISSIONS FOR OPEN ACCESS VERSION 

FRONT MATTER 
 Declaration Page – Acknowledgement of Country Source: Welcome to Country & 

Acknowledgement of Country - Creative Spirits. Source: 
https://www.creativespirits.info/aboriginalculture/spirituality/welcome-to-country-
acknowledgement-of-country. Downloaded 13 March 2019. 

CHAPTER 1 N/A 

CHAPTER 2 
 Figure 2-1 Location of Case Study Area Catchment, Rivers and Waterholes. Adapted 

from (StateOfQueensland 2011), insert from (McMahon, Murphy et al. 2005). 
 Figure 2-2 Overview of the Nguku/KaRirra (Cooper Creek/Wilson River) Confluence - 

significant locations and structural features. Courtesy Geoscience Australia, 
GoogleEarth. 

 Figure 2-3 Landform Features on the Nguku/KaRirra-Cooper Creek/Wilson River 
Confluence. Courtesy GoogleEarth. 

 Figure 2-4 GoogleEarth Images (with yellow Scale Bar 1000 m), and Field Work 
Photographs – Confluence Waterholes. Images courtesy GoogleEarth. Photographs 
D.Kucharska, R.Young, C.Crain, L.Hercus. 

 Figure 2-5 Channel and Waterhole depths and widths can vary widely across the 
Confluence. Photographs D.Kucharska, C.Crain, R.Young. 

 Figure 2-6 Indigenous Language Groups of the Kati Thanda-Lake Eyre Basin (1996). 
Adapted from: Horton/ AIATSIS/Aboriginal Studies Press/Auslig/Sinclair Knight Merz, and 
http://www.abc.net.au/indigenous/map/ Downloaded 10 March 2016. 

 Figure 2-7 Pastoral Stations of the Confluence and Surrounds (2011). Courtesy Santos. 
 Figure 2-8 Extent of Santos Oil and Gas Operations in the Eromanga/Cooper Basin at the 

Confluence (2018). Courtesy Santos. 

CHAPTER 3 N/A 

CHAPTER 4 
 Figure 4-1 Western Worldview Chart. David Miller using (Morgan, 2004b after Roberts, 

2001). Source: http://www.firstfound.org/david% 20miller.htm downloaded 20 October 
2017. 

 Figure 4-2 Arrente Dreamtime Chart. Source: 
http://aboriginalart.com.au/culture/dreamtime3.html downloaded 20 October 2017. 

 Figure 4-3 Maps of Aboriginal Languages. (a) Approximate boundaries and distribution 
of traditional Aboriginal language groups based on Horton’s map, 1996. Source: 
Horton/AIATSIS/Aboriginal Studies Press/Auslig/Sinclair Knight Merz 
http://www.abc.net.au/indigenous/map downloaded 10 March 2016.     (b) 
Predominant languages spoken by Aboriginal communities in Australia in 2015. Source: 
Our Languages Matter website http://cbhsatsi.weebly.com/languages.html downloaded 
25 October 2017. 
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 Figure 4-4 The further west, the greater the emphasis on water. Source: (Tully 2014). 
 Figure 4-6 Spiral Thinking and Aboriginal Circular Research. Source: Figure 4 Spiral 

Thinking and Figure 5(redrawn) Aboriginal Circular Research, taken from (Fejo-King 
2013) 

CHAPTER 5 
 Figure 5-1 Roadworks at a Nguku-Cooper Creek channel, on the road between 

Woomanooka and Durham Downs, 20 January 2014. Photograph by C.Crain. 
 Figure 5-2 Hunters frightened a flock of ducks along the river towards a net. Artist : G 

Aldridge, 1988. Downloaded 10jun18 from 
https://www.samuseum.sa.gov.au/gallery/ngurunderi/ng3htm.htm#FISHING 

 Figure 5-3 Steep banks, Goonababbina Waterhole, 25 January 2014. Photograph by 
C.Crain. 

 Figure 5-5 Outback floodwaters from Nguku-Cooper Creek flow into the Strzelecki Creek 
and wash the road away, 29 March 2010. Source: https://www.abc.net.au/news/2010-
03-29/floodwaters-cut-road/383832 downloaded 25 December 2019, photograph 
supplied to ABC News by Lyndhurst Hotel. 

 Figure 5-6 Rocky Glen, Depot Glen, and Cooper Creek. Illustrations from Sturt’s 
Narrative (Sturt 1847). 

 Figure 5-7 Gould’s ?1841 lithograph of a female and male flock bronzewing peristera 
histrionica (protonym for phaps histrionica in the 1800s), matching Brock’s 1845 
description. Illustration by Elizabeth Gould (1804–1841) for John Gould’s Birds of 
Australia. Public domain. Downloaded 10 June 2018. 
https://www.rawpixel.com/image/321026/harlequin-bronze-wing-peristera-histrionica-
illustrated-elizabeth-gould-1804-1841-john-goulds-1804 

 Figure 5-8 Coopers Creek from Camp 32. Native huts where King was found. Artist: A.W. 
Howitt, Slide maker T.W. Cameron. Public domain. Source: 
http://handle.slv.vic.gov.au/10381/173686 downloaded 13 Aug 18. 

 Figure 5-9 Durham Downs Cattle Grazing 1920, photographer unknown. Public domain. 
Source: http://images.slsa.sa.gov.au/mpcimg/32250/B32222_11.htm downloaded 25 
December 2019. 

 Figure 5-12 Nappa Merrie Station Homestead, 25 January 2014. Photograph by C.Crain. 

CHAPTER 6 
 Figure 6-1 Examples of Existing Landscape Classification Approaches. Classification of 

channels after (Church 2002). Channel classification based on sediment size and habitat 
after (Allan 2004). Freshwater wetlands and ground cover areal classification, Nanjing, 
after (Xiao, Boles et al. 2002). Murray-Darling Basin floodplains classified by flow 
alteration after (Sims, Chariton et al. 2012). The world’s irrigated and rain-fed croplands 
mapped from Landsat and other data after (Thenkabail 2009). 

 Figure 6-2 Examples of Existing Drainage Network Classification Approaches. Drainage 
network types after (Gordon, McMahon et al. 2004). Channel shape types after (Belmont 
2018). Stream ordering types after (Jasiewicz and Metz 2011). 
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 Figure 6-3 Landscape Units of the Nguku/KaRirra-Cooper Creek/Wilson River 
Confluence. Images courtesy GoogleEarth. 

 Figure 6-4 Waterhole Shapes on the Nguku/KaRirra-Cooper Creek/Wilson River 
Confluence. Images courtesy GoogleEarth. 

 Figure 6-6 Landscape Unit Distribution on the Nguku/KaRirra-Cooper Creek/Wilson River 
Confluence. Landsat 5 image courtesy DNRM. 

 Figure 6-7 Extended Strahler Stream Order (ESO) of the Nguku/KaRirra-Cooper 
Creek/Wilson River Confluence. Image courtesy Google Earth. 

 Figure 6-8 Extended Shreve Stream Magnitude (ESM) of the Nguku/KaRirra-Cooper 
Creek/Wilson River Confluence. Image courtesy Google Earth. 

 Figure 6-9 Extended Topological Dimension (ETD) of the Nguku/KaRirra-Cooper 
Creek/Wilson River Confluence. Image courtesy Google Earth. 

 Figure 6-10 Main Channel and Floodway Networks Historical Frequency of Flooding 
1882-2006. Extract after (DesertChannelsQueensland 2006). 

CHAPTER 7 
 Figure 7-1 Water, vegetation and bare sediment form a three-way continuum of surface 

condition. Photographs D. Kucharska, R.Young 
 Figure 7-2 Landsat Pixel Sets and Sediment Compositions at Waterholes. Image 

source:Landsat from DNRM.  
 Figure 7-3 DNRM Standardised Landsat Dataset and reference jpegs. Sources: Landsat 5-

8 courtesy DNRM, Landsat 4-5 jpgs from eros.usgs.gov (earthexplorer.usgs.gov) 
downloaded 10 December 2013. 

 Figure 7-8 Comparison of Landsat Images classified using WBV and WOfS. Courtesy 
Geoscience Australia. 

 Table 7.4 Summary of Figure 8 Waterhole PDF Characteristics. WOfS downloaded 30 
November 2017. Courtesy Geoscience Australia. 

CHAPTER 8 
 Figure 8-1 Thal terminology and conventions. Underlying imagery courtesy GoogleEarth. 
 Figure 8-2 Step-by-step Ribbon Plot Process. Underlying imagery courtesy GoogleEarth. 
 Figure 8-4 Thals and Waterholes selected for Ribbon Plots. Underlying imagery courtesy 

GoogleEarth. 
 Figure 8-5 Hydrological History for the Confluence Region. Courtesy Bureau of 

Meteorology, Qld DNRM and SA Waterconnect. 
 Figure 8-8 Yotally Waterhole can be viewed from a variety of perspectives based on 

different data. Map courtesy GoogleEarth. WOfS Courtesy Bureau of Meteorology, 
Landsat Courtesy Qld DNRM, Photographs by R.Young and C.Crain. 

 Figure 8-11 Tookabarnoo Waterhole 19 June 2013, towards Nguku-Cooper Creek inlet 
(KaRirra-Wilson River outlet) and towards KaRirra-Wilson River inlet. Photographs by 
R.Young. 

 Figure 8-15 Impacts of roads on flows on the Confluence. Photographs: R.Young, C.Crain 
and D.Kucharska. 
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 Figure 8-16 Construction of Adventure Way Bridge (also known as the Burke and Wills 
Bridge) has significantly changed local channels, including blocking and concentrating 
flows. (a) Source: (Ivering 1996). (b) Source: 
www.burkeandwills.net.au/Expedition_Map/google_earth.htm downloaded 20 April 
2018 (c) Source: http://margruss. incoll.org/2017/07/innamincka-and-the-dig-tree/ 
downloaded 20 April 2018. (d) Photograph by C.Crain Jan 2014. (e),(f) Source: 
https://www.exploroz.com/places/78517/qld/ burke-and-wills-bridge, by: Member 
Warrie (NSW), downloaded 20 April 2018. (g) Source: https://www.exploroz.com/places/ 
78517/ qld/ burke- and-wills-bridge, by Member Warrie (NSW), downloaded 20 April 
2018. 

CHAPTER 9 
 Figure 9-1 The Journeys of the Bronzewing Pigeons. Map courtesy Google Earth. 
 Figure 9-2 Details of Wangkumara Marnpi. Map courtesy GoogleEarth. 
 Figure 9-3 Details of Adnyamathanha Marnbi. Map courtesy Google Earth. 
 Figure 9-6 Padi Padi Waterhole and floodouts. Courtesy Google Earth. 
 Figure 9-7 Flock (or harlequin) bronzewing Phaps histrionica, now only occasionally 

observed in the arid Nguku/KaRirra-Cooper/Wilson area, and strongly associated with 
the appearance (and disappearance) of water. Courtesy 
http://chrissteelesbirding.blogspot.com.au (Chris Steele), Gaiaguide/Atlas of Living 
Australia. 

 Figure 9-8 Common bronzewing Phaps chalcoptera, showing the distinctive white 
markings and iridescent plumage. Courtesy http://www.feathersandphotos.com.au 
(Duade Paton), Gaiaguide/Atlas of Living Australia. 

 Figure 9-9 Marnpi’s journey, key locations, Landscape Units and ESO/ESM classifications. 
Underlying Landsat 5 image l5tmre_p096r079_19860824_dbgm4z.img courtesy DNRM. 

 Figure 9-14 Nockatunga Station Map of Paddy Paddy Paddock area showing locations of 
Ella Bore and Quilberry Tank with adjacent native well. Courtesy of Nockatunga Station. 
Composite of two photographs by D. Kucharska. 

 Table 9.7 Sampled Marnpi Waterhole Locations and characterisations– PIE, sinuosity, 
LU, WH Type, and ESO/ESM/ETD. Images courtesy Google Earth. 

CHAPTER 10 N/A 

CHAPTER 11 N/A 
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APPENDIX A1 N/A 

APPENDIX A2 
 Figure A2-1 The Lake Gregory toa from the Lake Eyre Basin, providing coded direction, 

distance and timing information about a journey along Nguku/Cooper Creek. (From 
(Kerwin 2006), after Art and land: Aboriginal sculptures of the Lake Eyre Region by Philip 
Jones & Peter Sutton with Kaye Clark, 1986). 

 Figure A2-2 Hunters frightened a flock of ducks along the river towards a net. By throwing 
boomerangs above the flock to imitate a hawk, the hunters forced the ducks to fly down 
into the net. Artist: G Aldridge, 1988. Source: 
https://www.samuseum.sa.gov.au/gallery/ngurunderi/ng3htm.htm#FISHING downloaded 
10 June 2018. 

 Figure A2-3 The Wangkumara-Punthamara Story of Marnpi the Bronzewing Pigeon, traced 
over the modern geographical landscape. Imagery courtesy Google Earth. 

 Figure A2-6 Portrait of Talpali George McDermott (c.1895-1972). From The Two Rainbow 
Serpents Travelling (Hercus and Beckett 2009). Photograph by Graham Hercus, 1970. 

 Figure A2-7 Portrait of Wilpi George Harrison (c1900-1982). From Paakantyi Dictionary 
(Hercus 1993). Photograph by G.R. Hercus, 1970. 

 Figure A2-8 Portrait of George Dutton (c.1886-1968). From The Two Rainbow Serpents 
Travelling (Hercus and Beckett 2009). Photograph by Jeremy Beckett, 1954. 

 Figure A2-9 Portrait of Irinjili Mick McLean (c1888-1976). From Travellers in Storied 
Landscapes (McBryde 2000). Photograph by Sally White, held in the Isobel White collection, 
AIATSIS Audiovisual Archive, reproduced courtesy AIATSIS. 

 Figure A2-10 Portrait of Russell “Rusty” Ferguson. From Aussie Outback Horsemanship 
website. Photographed in Thargomindah, 2015. Source: https://kerry923.w ixsite.com 
/crow-creek down-loaded 13 December 2019. 

 Figure A2-11 Portrait of Hope Ebsworth. Photograph by Mick Richards(ma2304), April 
2009. Source: http://www.kpress.com .au/gallery.htm downloaded 29 June 2018. 

APPENDIX A3 
 Figure A3-1 Sturt’s Route 1844-46, as drawn by Favenc. Source: 

http://gutenberg.net.au/ebooks15/1500711h-images/favenc-28map.jpg downloaded 10 
June 2018. 

 Figure A3-2 Captain Charles Sturt Leaving Adelaide 1844. Drawing by S.T. Gill (d.1880). 
Public domain. Source: 
https://en.wikipedia.org/wiki/Charles_Sturt#/media/File:Captain_charles_sturt_leaving_a
delaide_1844.jpg downloaded 11 March 2019. 

 Figure A3-3 Rocky Glen, Depot Glen, and Cooper Creek. Illustrations from Sturt’s Narrative 
(Sturt 1847). 

 Figure A3-4 Gould’s ?1841 lithograph of a female and male flock bronzewing peristera 
histrionica (protonym for phaps histrionica in the 1800s), matching Brock’s 1845 
description. Illustration by Elizabeth Gould (1804–1841) for John Gould’s Birds of Australia. 
Public domain. Source: https://www.rawpixel.com/image/321026/ harlequin-bronze-wing-
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peristera-histrionica-llustrated-elizabeth-gould-1804-1841-john-goulds-1804 downloaded 
10 June 2018. 

 Figure A3-5 Kennedy’s Route 1847, as drawn by Favenc. Source: 
http://gutenberg.net.au/ebooks15/ 1500711h-images/ favenc-17map.jpg downloaded 10 
June 2018. 

 Figure A3-6 A.C.Gregory’s Route 1858, from Report of the Proceedings of the 
Expedition in search of Dr. Leichhardt and Party. Source: 
http://gutenberg.net.au/ebooks14/1402621h.html #map6 downloaded 20 
August 2018. 

 Figure A3-7 Burke and Wills’ Route 1860-61, as drawn by Favenc. Source: 
http://gutenberg.net.au/ ebooks15/1500711h-images/favenc-33map.jpg. downloaded 10 
June 2018. 

 Figure A3-8 McKinlay’s 1861 South Australian Burke Relief Expedition and Howitt’s 1862 
Victorian Exploring Party Routes. Source: https://antiqueprintmaproom.com/das-seen-
gebiet-lake-district-und-die-steinice-augustus-heinrich-petermann downloaded 30 
November 2019. 

 Figure A3-9 Map of Queensland compiled by Thomas Ham showing Pastoral Districts 
of the Confluence of Cooper Creek and Subrana Creek/Wilson River (1871). Source: 
https://gisservices.information.qld. 
gov.au/arcgis/rest/directories/historicalscans/cad_scans/cad-map-queensland-map-
ham-1871.jpg downloaded 07 October 2017. 

 Figure A3-10 Grazing Evaluation Map – Warrego and Gregory South (date unknown, 
probably 1870-1880). Source: 
https://gisservices.information.qld.gov.au/arcgis/rest/directories/historicalscans/ 
cad_scans/cad-map-misc-map-warrego-and-gregory-south-grazing-evaluation-nd.jpg 
downloaded 07 October 2017. 

 Figure A3-11 Warrego and Gregory South Original Runs (1882). Source: 
https://gisservices.inf 
ormation.qld.gov.au/arcgis/rest/directories/historicalscans/cad_scans/cad-
map-warrego-and-gregory-south-original-runs-sh2-1882.jpg downloaded 07 
October 2017. 

 Figure A3-12 Warrego and Gregory South Consolidated Runs (1897). Source: 
https://gisservices.informati 
on.qld.gov.au/arcgis/rest/directories/historicalscans/cad_scans/cad-map-gregory-south-
consolidated-runs-1897.jpg downloaded 07 October 2017. 

 Figure A3-13 Land Classification and Pastoral Map of Cooper’s Creek Region (1949). 
Source: http://www.qhatlas.com.au/map/land-classification-channel-country-1949 
downloaded 07 October 2017. 

 Figure A3-14 Illustration of Desert Channels Queensland’s Cooper Creek Catchment Flood 
Rules of Thumb Poster (2006). Source: https: //futurebeef.com.au/wp-
content/uploads/2017/04/Cooper_Flood_Rules of_Thumb_Nov06_A3.pdf downloaded 11 
March 2018. 



APPENDIX A8 BIBLIOGRAPHY 

 

KUCHARSKA 398547 PhD Thesis – May 2020 updated January 2021 Page A8-48 
 

 Figure A3-15 Naryilco Station Rainfall Record 1952-2014, with inset 2010 floods. 
Photograph courtesy NKL Contracting/ Kayde Jayne Lehman. Source: 
http://www.centralstation.net.au/from-thargomindah-to-normanton/ 
downloaded 7 September 2018. 

 Figure A3-16 Woomanooka Outstation, Durham Downs. Photograph taken during 
Durham Downs Station aerial survey, courtesy Callie C Photography. Source: 
https://photographybycalliec.files.wordpress.com/ 2012/06/20120510_9565.jpg 
downloaded 5 September 2018. 

 Figure A3-17 Nappa Merrie Station. Photograph courtesy Bonzle/RicWood, taken 25 
June 2012. Source: 
http://maps.bonzle.com/c/a?a=col&mo=91927990&pg=0&yr=0&c=44&col=show&or=
1&sz=3&fn=z31iibr1 downloaded 5 September 2018. 

 Figure A3-18 Portrait of Sturt 1850 From Charles Sturt - His Life and Journeys of Exploration 
by J. H. L. Cumpston (1951). Public domain. Source: 
http://gutenberg.net.au/ebooks07/0700391h.html downloaded 11 March 2019. 

 Figure A3-19 Portrait of Brock c1860. From The Turner Mob public page. Source: 
http://www.turner mob.com/getperson.php?personID=I1419&tree=turner downloaded11 
March 2019. 

 Figure A3-20 Portrait of Kennedy.1847. From Northmost Australia by Robert Logan Jack 
(1921), quoting Stories of Australian Exploration by Charles R. Long (1913). Public domain. 
Source: http://gutenberg.net.au/ebooks06/ 0601141h-images/perso n-09.jpg downloaded 
11 March 2019. 

 Figure A3-21 Portrait of Gregory c1870. From the National Library of Australia collection. 
Public domain. Source: https:// nla.gov.au/ nla.obj-137038279/view downloaded 11 March 
2019. 

 Figure A3-22 Portrait of Burke 1860. From Northmost Australia by Robert Logan Jack 
(1921), quoting Stories of Australian Exploration by Charles R. Long (1913). Public domain. 
Source: http://gutenberg.net.au/ebooks06/ 0601141h-images/person-12.jpg downloaded 
11 March 2019. 

 Figure A3-23 Portrait of Wills 1860. From Northmost Australia by Robert Logan Jack (1921), 
quoting Stories of Australian Exploration by Charles R. Long (1913). Public domain. Source: 
http://gutenberg.net.au/ebooks06/ 0601141h-images/person-13.jpg downloaded 11 
March 2019. 

 Figure A3-24 Portrait of Howitt c1861. From William Strutt album illustrating the Burke and 
Wills expedition from Cooper's Creek to Carpentaria, Aug 1860-June 1861. Public domain. 
Source: https://en.wikipedia.org/ 
wiki/Alfred_William_Howitt#/media/File:Alfred_William_Howitt_circa_1861.jpg 
downloaded 11 March 2019. 

 Figure A3-25 Portrait of McKinlay 1870. From Northmost Australia by Robert Logan Jack 
(1921), quoting Adelaide old and new, 1836-1913 : a pictorial contrast by Julius Feldheim 
(1913). Public domain. Source: http://gutenberg.net.au/e books06/0601141h-
images/person -15.jpg downloaded 11 March 2019. 
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 Figure A3-26 Portrait of McIntyre 1865. From a photograph by A. McDonald. Public 
domain. Source: 

 https://en.wikipedia.org/wiki/Duncan_McIntyre_(explorer)#/media/File:Duncan_McIntyre
_(Explorer).tif downloaded 11 March 2019. 

 Figure A3-27 Jung’s Der Weltteil Australien… (The Continent Australia) in 4 volumes 1882-
1883. Public domain. Source: https://trove. 
nla.gov.au/work/228836304?q&versionId=251453340 downloaded 11 March 2019. 

 Figure A3-28 Portrait of Hector Wilson 1876. From Frederick Woodhouse snr’s painting of 
the Victoria Gold Cup, at the inaugural Victoria Amateur Turf Club meeting, Dowling Forest 
Racecourse, Ballarat on 24 March 1876. Reproduced courtesy of Melbourne Racing Club 
and the Australian Racing Museum. 

 Figure A3-29 Portrait of Norman Wilson 1910. From article Victorian Club Secretary in The 
Herald (Melbourne, Vic 1861 - 1954), 26 November 1910. Public domain. Source: 
http://nla.gov .au/nla.news-article241983876 downloaded 11 March 2019. 

 Figure A3-30 Portrait of Hume 1874. From the State Library of Queensland (John Oxley 
Library) collection. Public domain. Source: http://hdl.handle.net/10462/deriv/199882 
downloaded 11 March 2019. 

 Figure A3-31 Portrait of McFarlane c1925. From Great Australian Story public website. 
Source: https://great 
australianstory.com.au/sites/default/files/Edith%20McFarlane%2021_0.JPG downloaded 
11 March 2019. 

 Figure A3-32 Portrait of Thallon 1954. From Courier Mail Friday 23 April 1954, celebrating 
the outback driver and dairy farmer’s world record 24-hour distance (Brisbane to 
Melbourne)! Public domain. Source: https://trove.n 
la.gov.au/newspaper/article/50573801/2043937 downloaded 11 March 2019. 

 Figure A3-33 Orientos Station Owner and Manager Rod Betts. Photograph courtesy of 
Orientos Station 2013. 

 Figure A3-34 Naryilco Station Manager Ian Halstead. Source: 
https://www.linkedin.com/in/ian-halstead-296508136/detail/photo/ downloaded 30 
November 2019. 

 Figure A3-35 Woomanooka (Durham Downs) Station Manager Stuart Morton. Photo 
courtesy Hancock Prospecting. Source: https: //www.hancockprospecting.com.au/wp-
content/upload s/2018/09/Hancock-Kidm an-Newsletter-September-2018.pdf downloaded 
30 November 2019. 

 Figure A3-36 Nappa Merrie Station Manager Peter “Whip” Degoumis. Photo courtesy 
Nathan Dyer. Source: https://ww w.nathandyer.com.au/wp-content/uploads/2017/ 
07/NAPPA-MERRIE-Final2. pdf downloaded 30 November 2019. 
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APPENDIX A4 
 Landsat 5 jpgs LT50960792010047ASA00 and LT50960792011018ASA00. Courtesy 

Landsat. 
 NSW Unincorporated Area Road Condition Report as at 13 June 2013. Public document. 
 Victorian Country Fire Authority bushfire map from 16 January 2014. Public document. 
 North Australia Fire Information map of hotspots 21 January 2014. Received from 

Santos, public document. 
 Fierce temperatures on the Confluence in January 2014 (max 49.3C at nearby Moomba 

on the 4th). Source: 
http://www.bom.gov.au/jsp/awap/temp/archive.jsp?colour=colour&map=maxave&yea
r=2014&month=1&day=24&period=daily&area=nat downloaded 17 November 2019. 
Courtesy Australian Bureau of Meteorology. 

 Confluence rainfall deciles in May 2016 highest on record. Source: 
http://www.bom.gov.au/jsp/awap 
/rain/archive.jsp?colour=colour&map=decile&year=2016&month=5&period=month&are
a=nat downloaded 17 November 2019. Courtesy Australian Bureau of Meteorology. 

 Rainfall (mm) for week ending 9 June 2016. Source: 
http://www.bom.gov.au/jsp/awap/rain/archive.jsp? 
colour=colour&map=totals&year=2016&month=6&day=9&period=week&area=nat 
downloaded 17 November 2019. Courtesy Australian Bureau of Meteorology. 

 Channel Country. Water starting to flow into channels near Windorah, 4 August 2016. 
Supplied by Helen Kidd. Source: https://www.abc.net.au/news/rural/2016-08-
04/channel-country-channels/7687738 downloaded 17 November 2019. Courtesy 
Australian Broadcasting Corporation. 

APPENDIX A5 N/A 

APPENDIX A6 N/A 

APPENDIX A7 N/A 
 Figure A7-1 Thals and Waterholes selected for Ribbon Plots. Underlying imagery 

courtesy GoogleEarth. 
 Figure A7-2 Ribbon Plots for Selected Thals. Underlying imagery courtesy GoogleEarth. 
 Figure A7-3 Ribbon Plots for Selected Waterhole Thals. Underlying imagery courtesy 

GoogleEarth. 

APPENDIX A8 N/A 
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