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Figure 3. Conceptual Diagram – permanent waterhole - dry phase (produced by J. Gillen 2013)                   
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Description of Cooper Creek study area 
The study area is located in the far north-east of SA (Fig1) in the lower reaches of the 

Cooper Creek catchment within the Lake Eyre Basin (LEB). Cooper Creek is a very large 

freshwater system and is one of the major rivers of the LEB. Originating in south-west 

Queensland, the Cooper is influenced by occasional heavy rains that fall at unpredictable 

intervals in its headwaters that have a major influence on ecosystem patterns and therefore 

its flow is highly variable (Stafford et al 2011). On average there is an annual flow into SA 

and floodwaters reach Kati Thanda-Lake Eyre every 5-10 years and fills on average every 

25-30 years. 

Landuse is predominately pastoralism, park management, tourism, mining, gas and 

petroleum exploration. The major drivers that underpin an understanding of how the system 

functions are salinity and hydrology. The hydrological drivers include the flooding and 

inundation regime and wet/dry sequences. Although these are key environmental drivers of 

most arid areas wetland systems other drivers include soil composition, historical and 

current landuse, fire regime and ecosystem productivity (Kingsford 2012). The Cooper 

includes the important Coongie Lakes Ramsar Site (Butcher & Hale 2010) and the Parks SA 

Innamincka Regional Reserve (DEHAA 1998). 

It is a relatively unaltered and unpolluted catchment, with at present largely unregulated, 

natural flows. The geological and hydrological processes within this system are complex and 

variable in nature characterised by extremely low gradients creating a complex range of 

wetland types consisting of riverine floodplains, tributaries, anastomosing and braided 

channels, lakes and semi-permanent and permanent waterholes all of which provide a large 

variety of habitats and high biodiversity. These permanent waterholes in particular support a 

rich ecology and species richness. The variability is characterised by extended drought 

periods and occasionally extensive flood regimes. The catchment in SA comprises two 

bioregions – the Channel Country and Simpson–Strzelecki Dunefields comprising 

54,000km2 or approximately 20% of the overall catchment size. The main components of the 

system in SA are Cooper Creek Main Channel, Northwest Branch and Coongie Lakes. 

During high flood levels connectivity and flow with Strzelecki Creek occurs. 

The system has a high degree of productivity characterised by the flora assemblages and 

bird diversity. The recent ‘boom’ period has emphasised the high degree of seed production.  

In SA the main branch of Cooper Creek extends west through Innamincka and divides into 

two main systems. Firstly, along the North West Branch to Coongie Lakes and the Northern 

Overflow joining the main branch at Deparanie Waterhole, and secondly along the main 

channel through a series of ephemeral lakes, waterholes and floodplains to the lower 

Cooper terminating at Kati Thanda-Lake Eyre. Rainfall is low and highly variable with a 

mean annual rainfall of approximately 200mm p.a. and an annual evaporation rate 

exceeding the mean annual rainfall (Bureau of Meteorology). 
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Site Selection and Condition Assessment 
Site locations were selected based on spatial distribution along the system representative of 

key refuges, permanence, wetland type, condition and hydrological connectivity. This study 

aimed to assess condition of waterbodies the length of the SA section of the Cooper 

including waterholes, river channel and terminating lakes.  

Floodplain ecosystems were not assessed in this study as this was outside the scope of the 

assessment program. Floodplains are vitally important to maintain channel function and 

nutrient flow and it is highly recommended future assessments includes the lateral 

connectivity of floodplains with the main channel to understand vegetation associations and  

carbon and nutrient cycling. 

There are four main management units or river reaches identified for the Cooper Creek 

system in SA that provides a distinct spatial representation of waterbodies and are used to 

guide an overall assessment.  They also align with the hydrological and fish monitoring 

components of the Cooper Creek Project (Costelloe 2012; Schmarr et al 2012). 

River reaches identified as the four distinct management units: 

1. Upper Cooper Main Channel – Nappa Merrie (Qld) to Northwest Branch 

2. Northwest Branch – Junction with Main Branch to Coongie Lakes 

3. Main Branch – Junction with Northwest Branch to the junction with the northern 

overflow at Deparanie Waterhole  

4. Lower Cooper (main branch) – Northern overflow junction at Deparanie Waterhole 

along Main Branch to Kati Thanda-Lake Eyre North 
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Figure 4. Study sites along Cooper Creek system 
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Overall 12 waterbodies were assessed using the condition assessment protocol. The project 

results are from the April 2012 field surveys.  One site (Cuttupirra Waterhole) was assessed 

in November 2012. The sampling strategy of large spatial extent places the findings within a 

landscape context. In largely unmodified regions such as the Cooper, landscape scale 

considerations are the most appropriate approach to biodiversity planning to maximize effort 

over a wide range of ecosystems and landuse.  This allowed coverage of a range of 

waterbodies along an extensive and complex riverine system and throughout an extended 

flooding period through 2010-12. 

Four distinct aquatic ecosystems are identified, these align with the management units 

described above and are the key sites investigated: 

1. Innamincka complex with deep, permanent waterholes, e.g. Cullyamurra Waterhole 
(WH) and Minkie WH; 

2.  Coongie Lakes system and North-West Branch, e.g. permanent and semi-permanent 
lakes and waterholes and floodplains, e.g. Scrubby Camp WH, Tirrawarra WH; 
Kudriemitchie WH, Coongie Lake inflow channel; 

3. Central waterholes and Lakes, e.g. Embarka WH, Narie WH, Cuttapirie Cnr WH, 
Deparanie WH [not assessed due to flooding] 

4. Lower catchment waterholes and lakes, e.g. Beach Energy Bridge (Kudnarri – not 
assessed due to access issues), Lake Hope, Lake Killalpaninna and Cuttupirra WH.  

 

These four ecological complexes and management units are synonymous with social-

ecological systems that link spatially and temporally with the cultural and social values 

relating to community, tourism, and cultural site management issues. The key focus sites of 

the study were Cullyamurra, Lake Hope and Lake Killalpaninna due respectively to their 

permanence, importance as sites of ecological condition and health indicators of the system, 

and their socio-cultural values. 

The condition assessment framework measures the degree of departure of an ecosystem 

condition from a ‘reference’ ecological state or condition.  This can be difficult where there is 

lack of data and clear knowledge gaps in our understanding of ecosystem function and 

processes and no data of pre-disturbance.  Four types of reference condition can be used to 

attain a practical approach to stating any departure from a reference condition that is 

determined from existing knowledge (Stoddard et al 2006): 

1. A minimally disturbed condition  

2. Historic condition 

3. Least disturbed condition 

4. Best attainable condition (or ‘best on offer’) 

Generally, the ideal reference state is the ecological state of the system immediately prior to 

the first anthropogenic impacts (Lee et al. 2005), which represents the minimally disturbed or 

historic condition and is the degree of departure of a measured ecosystem condition from a 
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reference ecological condition.  However, it is difficult to obtain data on the condition of 

freshwater ecosystems prior to human influence. 

For the purposes of this assessment the latter category – best attainable condition (or ‘best 

on offer’ is the most practical approach to assess condition, recommend management 

actions and identify the restoration potential. 

Reference condition criteria 1 & 2 are normally the ideal ecological reference state 

immediately prior to habitat modification (e.g. grazing or introduced feral herbivores). 

However, apart from historical records (e.g. local knowledge, historical records and explorer 

accounts) it is difficult to gain an understanding of the condition of aquatic ecosystems in arid 

regions prior to these disturbances. Care should be given to assessing condition as a 

function of reference state due to factors such as drought, seasonal climatic variability and 

variable flooding and rain events that influence recovery and ecological responses.  

Therefore, this methodology uses vegetation structural integrity and condition indices, such 

as, spatial and structural integrity, nativeness and age structure to assess the degree that 

these are intact according to the ecosystems they are found in. For example, the Northwest 

Branch has a narrow fringing riparian vegetation zone associated with a more xeric 

floodplain zone and the Upper Cooper Main Channel generally has wider bands of diverse 

vegetation associated with higher frequency inundation events. The Lower Cooper has 

increasing salinity, a reduced riparian zone and lower species richness. Salinity is, therefore,  

a key driver of the system and influences vegetation condition. 

The influence of site disturbance history especially the grazing history and the wetting/ 

drying cycle are difficult to determine from rapid assessment approaches. Future work needs 

to study a range of wetland types at a number of comparable sites during various stages of a 

flooding – drying cycle to assess ecological responses, recoverability and condition.  

Threats and Pressures 
A summary of the main threats include: 

1. Aquatic feral species (e.g. Gambusia, and Goldfish) affecting native fish 
assemblages (e.g. Gambusia); and cane toad infestation modifying the natural biotic 
systems. 

2. Recreation and tourism activity causing impacts at waterhole sites through 
compaction and trampling and removal of firewood leading to loss of groundcover 
and soil disturbance potentially causing an increase in invasive weed species and 
disturbance to nesting bird habitats. 

3. Overgrazing through total grazing pressure (including invasive herbivores) causing 
loss of vegetation cover, increased erosion, and destabilisation of stream bank 
integrity leading to a reduction in riparian plant and habitat diversity.  

4. Water resource development (i.e. irrigation, flow diversions and dams) affecting the 
variable hydrological regime. 
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5. Climate change scenarios that may cause an increase in temperature leading to 
increased evaporation, longer drought conditions, reduced periods of inundation, 
higher intensity flood sequences and a decrease in waterhole permanency. 

6. Contamination and pollution of aquatic ecosystems leading to loss of biota due to 
exposure to toxicants and hydrocarbons. 

7. Unsustainable resource use such as illegal fishing or over fishing causing loss of 
source populations of adult breeding fish and turtles from permanent waterholes.  

8. Potential cane toad infestation from upper reaches in Queensland moving into South 
Australia and impacting on native fauna populations.  

9. Weed invasions from upper reaches in Queensland establishing permanent 
populations. 

10. High nutrient concentrations causing excessive algal growth. 

11. Infrastructure development such as bridges and roads impeding connectivity, natural 
flow and inundation, and movement of aquatic species. 
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METHODS 

Background 
The methodology for this study is based on the Riverine Vegetation Indicator Protocol for 

river health (DEWHA 2009) with assessments based on an expected ‘reference’ condition. 

The work provides a summary of baseline condition assessments at a number of permanent 

and semi-permanent waterhole and wetland environments. A desirable outcome in investing 

in environmental condition assessment is to gain a better understanding of the ability of 

natural aquatic ecosystems to “resist” unfavourable conditions and bounce back (resilience) 

when conditions are favourable. Riparian vegetation condition assessment methods are 

tools that quantify the ‘value’ of an aquatic asset for biodiversity. 

The first step in prioritising assets for management and investment is to focus on the 

appropriate scale for an improved biodiversity outcome and to provide an assessment of the 

ecological, cultural and economic values associated with these assets. 

The assessments and results are placed within a landscape context due to the relatively 

unmodified ecosystems of this arid zone river system. Information presented will in particular 

assist the development of management priorities. This process aims to provide the capacity 

to rapidly and cost-effectively assess and report on an aquatic ecosystem site. This process 

is also easily repeatable over time. 

The rapid assessment methodology focuses on the structure and spatial integrity and extent 

of the vegetation community. For this project ‘integrity’ is defined as both the extent and 

condition of riparian native vegetation. Integrity of native vegetation is the extent and 

distribution of the vegetation associations and their condition for designated purposes, e.g. 

habitat, steambank stability, etc. These vegetation condition indicators are assessed and 

compared with a ‘reference’ condition to identify historic and current impacts and pressures. 

A reference condition compares a particular site with sites of comparable ecosystem types 

that are relatively unmodified or in functional condition to what still exists i.e. the ‘best on 

offer’. This study refers to a reference condition based on a bio-physical assessment across 

a number of sites presenting a range of conditions. Currently there is no available data on 

the reference condition of these types of sites within this section of the Cooper Creek. 

Prioritisation for investment is targeted at sites that have the highest value as an aquatic 

ecosystem refuge within the catchment as well as those that have the greatest recoverability 

potential in relation to management investment and intervention. Sites that are heavily 

impacted may have a low priority for investment due to their reduced recovery potential.  

Sites that are ecologically intact may also have a lower priority for investment due to current 

environmental conditions, landuse and management systems, e.g. Cullyamurra Waterhole. 

The ecological importance ranking is the key assessment component and provides a guide 

for long-term asset management and protection. 
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Scope of Assessment 
Within the study area (Fig. 4) fifteen sites were identified for investigation and assessment, 

however, due to flooding and access issues some sites were omitted. Twelve sites were 

assessed using the assessment protocol outlined below. The assessments provide baseline 

(or current state) data to inform objective findings for management considerations. The sites 

were assessed between 14th to 30th April 2012 and one site in November 2011. 

Assessments were conducted along one bank of each waterhole / waterbody to determine 

the current condition and extent of riparian habitat. Traverses of approximately one kilometre 

along the waterbody riparian zone were undertaken to collate data using the rapid appraisal 

process. Field survey scoring and assessment criteria are detailed in the assessment sheets 

(see Appendix A). 

Summary of assessment criteria 
There are 4 main components to the condition assessment protocol: 

 Site Description and Environmental Setting 

 Ecological Values, Threats and Pressures 

 Riparian Condition Assessment 

 Riparian Habitat Summary 

 

The assessment protocol uses a qualitative ‘score card’ approach in reporting condition. An 

assessment of riparian condition, ecosystem values, threats and pressures and recovery 

potential and investment priority was completed for each waterbody. Attribute tables are 

populated with colour coded ‘ranking scores’. 

1. Site Description and Environmental Setting: 

This outlines details of site location features (i.e. type of waterbody; use zone; size/area, 

conceptual understanding, recent rainfall and inundation events, depth of waterbody, 

elevation, and vegetation association); a comprehensive plant list is also included. 

2. Ecological Values, Threats and Pressures: 

An assessment of the ecosystem values, threats and pressures for each waterbody is 

provided consisting of 15 attributes. These provide a comprehensive summary of key 

influences and features that provide a baseline summary and can be easily re-assessed to 

monitor changes over time. 

Ecosystem Values:  

riparian plant diversity; riparian habitat diversity, hydrological value, salinity, cultural site 

importance, uniqueness, key aquatic refuge. 

Ecosystem Threats:  

weeds, exotic animals, surface and groundwater abstraction, nutrients. 


