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EXECUTIVE SUMMARY 
 
Pantoro South Pty Limited (PNRS), operators of the Norseman Gold Project (NGP), are planning to develop 
the Cobbler gold deposit located in the southern extent of Lake Cowan, 4 km north-west of the Norseman 
town site in the Goldfields region of Western Australia. The Cobbler deposit lies within a 33 km2 playa 
sub-basin (hereafter called the Cobber sub-basin), segregated from the main body of Lake Cowan by the 
Coolgardie-Norseman Highway causeway. The development of the Cobbler deposit will require the 
excavation of a pit and establishment of waste sediment dump/s within a project area of approximately 
3.5 km2, on the playa surface within the Cobbler sub-basin. Planning and feasibility assessments for the 
project are in progress, therefore the disturbance footprint on the playa surface is yet to be finalised. Pit 
excavation, waste sediment deposition and infrastructure development for the project has the potential 
to impact the aquatic ecological values of the Cobbler sub-basin within and adjacent to the project area. 
The Cobbler sub-basin is not considered a pristine environment, with evidence of previous disturbances 
including causeway and trench construction, vehicle traffic, and airport activities. Any impacts from mine 
development are anticipated to be localised to the Cobbler sub-basin, as initial surface water modelling 
indicates water flows in a southerly direction along the eastern edge of the sub-basin, away from the 
greater Lake Cowan main basin, located to the north of the project area.  
 
The Cobbler sub-basin aquatic biota baseline assessment was conducted in July 2020 to document the 
current condition of the aquatic ecological values of Lake Cowan in project area prior to mine 
development. Ecological values included sediment quality and aquatic biota, which included resting stage 
cysts and propagules, and diatoms (single-celled algae) present in lake sediment. The Cobbler sub-basin 
playa was dry at the time of the survey, with no standing water present. 
 
Cobbler sub-basin sediment quality was comparable to the historic ranges recorded at the Lake Cowan 
control sites, nearby NGP lakes also sampled in July 2020 (Lake Dundas and a small 0.12 km2 lake in the 
Gladstone/Daisy project area), and salt lakes in the greater Coolgardie/Goldfields region. Sediment pH 
was slightly acidic to neutral, and EC indicated that salinity levels were comparable to control sites and 
nearby lakes. High spatial variation was observed in nutrient, metal and ion concentrations throughout 
the Cobbler sub-basin; however, all concentrations of analytes were within the ranges recorded at other 
nearby NGP lakes sampled in July 2020, and generally comparable to Lake Cowan control site ranges. 
Concentrations of metals Ni and Cr exceeded the ANZG (2018) DGV-low within the Cobbler sub-basin. 
However, all concentrations of Ni and Cr were below the maximum levels recorded at control sites, and 
sediment quality guidelines may not be appropriate where background levels of minerals in salt lakes are 
naturally enriched. The spatial differences in sediment chemistry throughout the Cobbler sub-basin is 
typical of Goldfields salt lakes, and variations are largely influenced by geological differences in the 
surrounding catchment, drainage patterns and localised sediment particle size composition. 
 
The baseline ecological assessment of the Cobbler sub-basin playa environment indicated that the 
ecological values of the area are likely “low” in significance. Diatom and aquatic biota resting stage taxa 
richness at Cobbler were consistent with previous studies conducted in Lake Cowan and in nearby lakes. 
Four diatom species (Ampora coffeaeoformis, Hantzschia amphioxys, Navicula aff. incertata, and 
Navicymbulla pusilla), one algae taxon (Chara spp.) and one crustacea taxon (Parartemia spp.) were 
recorded from Cobbler sediment samples collected in July 2020, across the seven survey sites. All of these 
taxa have been recorded from Lake Cowan in previous surveys. Biota diversity and abundance was notably 
higher among the southern sites in the survey area compared to the northern sites, though there did not 
appear to be any association between sediment quality and biota diversity or abundance. This is typical 
of salt lake biota, particularly diatoms, which are known to naturally exhibit a highly random and patchy 
distribution. No fauna of conservation significance were found in the Cobbler sub-basin in July 2020, nor 
during the previous study of Lake Cowan by Chaplin & John (1999a), nor during the 14 rounds of annual 
environmental assessment for Lake Cowan dewatering discharge. 
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The development of the Cobbler project will require the excavation of a pit and establishment of waste 
sediment dumps on the playa surface within the 3.5 km2 development footprint, which equates to 0.02% 
of the total surface area of Lake Cowan. The excavation of the playa surface and placement of waste 
dumps will disturb aquatic biota resting stages and diatoms within the project area, and post-mine 
recovery in areas of high-disturbance is unlikely without extensive rehabilitation activities (i.e. filling of 
pit/s, removal of waste dumps). Stormwater runoff from waste dumps may carry and deposit minerals 
into the wider sub-basin area, altering the playa surface sediment and water quality, which may affect the 
emergence and replenishment of aquatic biota resting stages. Sedimentation from waste dumps may also 
disrupt the integrity of biological soil crusts and algal mats, and bury diatom communities. However, if all 
reasonable precautions are undertaken to limit the loss of eroded sediments to the surrounding 
environment, and if the concentrations of any chemical stressors in the waste dump sediments are below 
the limits of detection/ANZG (2018) DGV-low, then the risk to the receiving environment within the sub-
basin would be low. Additionally, the ecological values of sub-basin outside of the project area, that are 
not anticipated to be exposed to ground disturbance, have the potential to recover from possible 
sediment quality changes following rainfall and flushing events.  
 
Overall, mining development in the Cobbler sub-basin area is considered to pose a moderate risk to the 
playa environment within the development footprint, a low risk to the wider sub-basin environment, and 
no risk to the greater Lake Cowan environment. Based on the current study, the sub-basin does not appear 
to support a distinct aquatic biota assemblage, in the context of the greater Lake Cowan and other 
Goldfields salt lakes, and has already been subject to anthropogenic disturbance. Management, 
monitoring and mitigation measures should be considered to limit adverse impacts to sediment and water 
quality within the sub-basin as a result of the construction and operation of the Cobbler project, such as 
the design of on-site drainage and management of stormwater in the event of flooding. 
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1 INTRODUCTION 
 

1.1 Background 
 
Pantoro South Pty Limited (PNRS), operators of the Norseman Gold Project (NGP), are planning to develop 
the Cobbler gold deposit, located in a sub-basin of Lake Cowan, 4 km north-west of the Norseman town site 
in the Goldfields region of Western Australia (Figure 1). The lake is located in the Goldfields-Esperance 
regional administrative division of Western Australia, and the Coolgardie Interim Biogeographic 
Regionalisation for Australia (IBRA) region. Lake Cowan is a large ephemeral salt lake with a surface area 
approximately 1,800 km2, consisting of long stretches of open playa, with a well-defined shoreline (Umwelt 
2018). The Cobbler deposit lies within a 33 km2 playa sub-basin (hereafter called the Cobber sub-basin), 
segregated from the main body of Lake Cowan by the 1.2 km Coolgardie-Norseman Highway causeway 
(Figure 1). The proposed Cobbler project area covers approximately 3.5 km2 of playa surface within the sub-
basin. The development of the Cobbler project will require excavation of playa sediment and creation of 
waste dumps on the playa, and dewatering of an unknown quantity of water. Planning and feasibility 
assessments for the project are in progress, therefore the disturbance footprint on the playa surface is yet 
to be determined. Dewatering discharge is likely to be operated via the existing outlet to Lake Cowan 
adjacent to the North Royal mine, which is already subject to annual monitoring. Pit excavation, waste dump 
establishment and infrastructure development for the Cobbler project has the potential to impact the aquatic 
ecological values of the sub-basin within and adjacent to the project area. 
 
As part of ongoing assessments for the NGP, PNRS is undertaking a Feasibility Study (FS) scheduled for 
completion later in 2020. The FS will consider the ecological values within and adjacent to the Cobbler project 
area that may be impacted by project development. An aquatic biota baseline assessment was conducted in 
July 2020 to document the current condition of the aquatic ecological values of Lake Cowan in project area 
that may be affected by project development. Ecological values included sediment quality and aquatic biota, 
which included resting stage cysts and propagules, and diatoms (single-celled algae) present in lake sediment. 
At the time of the study the Cobbler area of Lake Cowan was dry. 
 
 

1.2 Scope of works 
 
The scope of the works for the Lake Cowan Cobber Deposit: Aquatic Biota Baseline Assessment included: 

i. Collection of surface water (if any) and benthic sediment samples to compare against Australian and 
New Zealand Guidelines for Fresh and Marine Water Quality (ANZG) default guideline values for 
ecosystem protection (ANZG 2018); 

ii. Sampling of aquatic biota values residing in sediments on the lake playa (diatoms and biota resting 
stages); 

iii. A desktop review, collating literature and existing knowledge of the aquatic ecosystem of Lake 
Cowan, and discussing aquatic fauna previously recorded at Lake Cowan, and their conservation 
significance; and 

iv. Reporting on survey findings, including a discussion of potential impacts to the aquatic biota of Lake 
Dundas that may arise from project development. 
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Figure 1. Overview of the PNRS Cobbler project area (light blue outline) within Lake Cowan, and the Lake Cowan control 
sites. Orange line represents the Coolgardie – Esperance Highway.  
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2 SURVEY METHODS 
 

2.1 Study area & climate 
 
The Cobbler deposit lies in a sub-basin of Lake Cowan, covering approximately 33 km2 of playa. The proposed 
Cobbler project area covers approximately 3.5 km2 of playa. The sub-basin is separated from the greater Lake 
Cowan by a narrow (1.2 km) causeway at its northern end, approximately 750 m north of the Cobbler project 
area boundary (Figure 2). The greater Lake Cowan covers approximately 1,800 km2, and lies at the southern 
extent of the Norseman-Wiluna Greenstone Belt in the eastern Goldfields region of the Yilgarn Craton, 
Western Australia (Gray 2001). 
 
The Lake Cowan catchment is internally draining (endorheic), therefore, water is not discharged to another 
water body such as a river or the ocean, but it is retained within the lake, with water loss via seepage into 
groundwater or evaporation (Umwelt 2018). The total water storage volume in Lake Cowan is 7,200 GL, and 
the catchment area is estimated at 4,460 km2, comprising numerous creeks and small wetlands that drain 
into the lake (Aquaterra 2006). The topography of the catchment comprises gently undulating plains, with 
occasional stony ridges and hills. Sediments beneath the lake are primarily red- brown silts, clays, sands and 
gravels of up to 26 m thick, whilst the lake margins contain dune deposits of quartz sand and gypsum (Anand 
& Paine 2002). Archaean granitoid rocks underlie playa lake sediments, and mafic and ultramafic dykes 
intrude in some areas (Anand & Paine 2002). The vegetation of the area consists of mallees, Acacia thickets 
and shrub heaths on sandplains. Diverse Eucalyptus woodlands occur around salt lakes, on ranges, and in 
valleys, while the littoral zone supports dwarf shrublands of samphire (Cowan 2001). 
 
The Cobbler sub-basin and surrounding catchment area have previously been subjected to anthropogenic 
activities and development, resulting in ground disturbance to the playa surface and catchment area. 
Approximately 2 km south-east of the Cobbler project area, several water harvesting trenches and old tailings 
storage facilities are visible in aerial imagery on the eastern shore, which were associated with an old mine 
processing plant. Pits related to the Abbotshall Mine, which last operated around 1997, are located 400 m 
from the southern edge of the sub-basin and 8 km south of the Cobbler project area (Minedat.org 2020). The 
Norseman town site is located on the eastern side of the sub-basin, and its proximity and position within the 
catchment may influence water and sediment quality via stormwater runoff, as well as encouraging 
recreational vehicle use on the playa. There is also an airplane runway located on the eastern side of the 
playa adjacent to the town, the Norseman Aerodrome, and a causeway road (Mort Harslett Drive) which 
crosses the playa in an east to west direction, 2 km south of the Cobbler project area. 
 
2.1.1 Salt lake ecosystems 

 
Salt lakes are defined as temporary water bodies with a surface water salinity of 3 g/L or greater, that fill 
episodically in response to heavy rainfall, with some remaining dry for decades (Williams 1998, Roshier & 
Rumbachs 2004; Timms et al. 2006, Outback Ecology 2009). Following inundation, which is generally shallow 
(rarely exceeding 1 m in depth), the onset of the drying phase is relatively rapid due to high evaporation rates 
and surface water may only last for a few months (John 1999, Timms et al. 2006). The salt lakes of the 
Goldfields-Esperance region are the surface expressions of an ancient river system that was extensive during 
the Tertiary Period (66 million to 2.6 million years ago; Outback Ecology 2009). Patterns of drainage are 
internal (endorheic), associated with closed systems (Williams 1998). The catchments are characterised by 
flat playas (salt lake surface) in areas of low topographic relief.  
 
High variability in water and sediment quality has been found both within and between Coolgardie region 
salt lakes, but in general, water and sediment quality are characterised by a slightly acidic pH, high salinity 
and sodium-chloride ionic dominance (Gregory 2008, Outback Ecology 2009). Within a lake, water quality 
can vary significantly occur over the hydrocycle (filling and drying phases), and sediment quality can show 
wide spatial ranges across the playa surface (Roshier & Rumbachs 2004, Gregory 2008, Outback Ecology 
2009).  
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Figure 2. Map of the PNRS Cobbler project area, with playa sampling sites indicated.
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Previous studies have also found considerable spatial variation in salinity levels across salt lakes, likely 
caused by a combination of lake morphology, catchment area and salt crust characteristics, groundwater 
influences and local micro-climates (Chaplin & John 1999a, Chaplin & John 1999b). As salinity increases, 
oxygen solubility decreases, however well-developed algal mats and wind action generally sufficiently 
oxygenate the entire water column on these shallow salt lakes. 
 
Salt lake biota have the ability to survive ‘harsh’ conditions, such as short hydrocycles, long periods of 
drought, and high salinity (Gregory 2008). The production of desiccation resistant eggs/cysts, as seen in 
the crustacean taxa anostracans, ostracods, cladocerans, notostracans and conchostracans, are common 
in salt lakes (Gregory 2008). These cysts settle in the surficial sediments of the lake playa (i.e. top ~ 5 mm 
– 10 mm), and then survive in the dry sediments to emerge upon rewetting/inundation. However, 
inundation alone is not guaranteed to activate all resting-stage cysts, as environmental cues for 
emergence, such as salinity, ionic composition, temperature, pH, light and dissolved oxygen, vary between 
species according to their tolerances and life history strategies (Campagna 2007). Due to the large surface 
area to volume ratio of lake waters, temperature can be highly variable and is often important for the 
hatching, growth and survival of the desiccation resistant biota present in the sediments. Salinity is also 
an important driver of richness and abundance of aquatic fauna in these lakes. In addition, previous 
studies have found that nutrient status at Lake Cowan, and nearby Lake Dundas, was low compared to 
other semi-arid zone salt lakes, which in turn can also decrease productivity (Chaplin & John 1999b). Life 
history strategies differ amongst salt lake biota, with some species capable of producing multiple 
generations throughout the inundation period, while others require a period of desiccation prior to re-
wetting in order to stimulate hatching (Chaplin & John 1999a, Campagna 2007). Overall, the diversity, and 
regional and localised endemism of salt lake biota in Western Australia is considered high compared to 
Eastern Australia, potentially driven by adaptations of species to the vast range in environmental 
conditions described above (Chaplin & John 1999a, Campagna 2007).  
 
2.1.2 Climate & surface water 

 
The climate of the region is semi-arid, with a mean annual rainfall of 294 mm (Figure 3). For the 2000 – 
2019 record period, the highest mean rainfall month has been January (mid-summer, 36.5 mm on 
average) and the lowest rainfall month has been June (early winter, 17.5 mm on average). Rainfall events 
are associated with winter cold fronts or ex-tropical lows over the summer-autumn months. Interestingly, 
Chaplin & John (1999) reported the late-autumn/winter months May and June as the highest mean rainfall 
months for the Norseman area (31.5 mm on average). The shift in highest mean rainfall months over time, 
from winter to summer, is congruent with the long-term decline in winter rainfall observed for South-
Western Australia (Department of Primary Industries and Regional Development (DPIRD) 2020). 
Additionally, total annual rainfall has been below the 20-year average for every year since 2014, including 
2019 (Figure 3). Evaporation far exceeds rainfall and is estimated at approximately 2000 - 2,200 mm per 
year for the Norseman area (actis Environmental Services 2016). 
 
Lake Cowan, including the Cobbler sub-basin, has an irregular flooding regime, related to the semi-arid 
climate of the region. The lake may become inundated after intense winter rains or ex-tropical lows over 
the summer months. Monthly rainfall exceeding 100 mm is required to generate a flood event (Aquaterra, 
2006). This volume of rainfall has not been recorded at the Norseman Airport weather station since 
October 2014 (Umwelt 2018).  
 
The Cobbler sub-basin was dry during the July 2020 field survey, with no standing water present at any of 
the playa sites surveyed. Although the sediment was slightly damp, no water was present beneath the 
top layer sampled. No significant rainfall had been received in the months prior to the July 2020 survey, 
although there had been several minor rainfall events recorded since May (0.2 – 2.8 mm daily total 
occurring on six days). 
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Figure 3. Rainfall data for Norseman Airport, 2000 to present. Plots indicate total monthly rainfall for 2020 to date, 
compared to the long-term monthly mean (top left), total annual rainfall between 2000 and 2019 compared to long-term 
average (2000 – 2019) total annual rainfall (top right), and daily rainfall records between 2000 to present (bottom), 
indicating rainfall events. 

 
 

2.2 Desktop literature review 
 
Past aquatic biota survey reports were sourced and reviewed as part of the desktop review. This included 
relevant scientific reports and studies that have been previously undertaken on Lake Cowan and other 
Goldfields salt lake aquatic biota, together with published and grey literature. Additionally, the following 
databases were searched to identify aquatic biota of conservation significance that have the potential to 
occur at Lake Cowan:  

1. NatureMap database (NatureMap, DBCA 2019a; https://naturemap.dbca.wa.gov.au/): a 
collaborative project of the Department of Biodiversity, Conservation and Attractions (DBCA) and 
the WA Museum. A database search conducted within a 40 km radius of the Lake Cowan was 
conducted on the 13th of August 2020. 

2. The DBCA Threatened and Priority Fauna Rankings was reviewed for listed aquatic invertebrate 
fauna that occur in the Goldfields (DBCA 2019b). 

3. The Australian Faunal Directory (AFD; https://www.environment.gov.au/science/abrs/online-
resources/fauna), is a free online public enquiry database published by the Australian Biological 
Resources Study (ABRS; an initiative of the federal government Department of Agriculture, Water 
and the Environment) that provides taxonomic and biological information on all Australian fauna. 
The AFD was utilised in assessing the taxonomic status and distribution of aquatic fauna in this 
desktop assessment. 

4. The International Union for Conservation of Nature and Natural Resources (IUCN) Red List of 
Threatened Species, version 2020-2, was consulted to determine whether any aquatic biota were 
of international conservation significance (IUCN 2020; https://www.iucnredlist.org). 
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2.3 Sites and sampling design 
 
The environmental assessment field survey of the Cobbler project area was conducted on the 16th July 
2020. Photographs of playa sampling sites are provided in Appendix 1. The sampling design for baseline 
ecological values broadly surveyed seven playa sites across the lake bed, six sites within and one outside 
the Cobbler project area (Table 1, Figure 1 & Figure 2). Sediment quality, aquatic biota resting stages and 
diatom samples were collected all sites. No standing water present at the time of sampling. All of these 
sites may be exposed to disturbance from the development of the Cobbler deposit, therefore, the Lake 
Cowan control sites established for the annual environmental assessment of Norseman Gold Project’s 
Lake Cowan dewatering discharge impacts were designated as references for the Cobber sub-basin (Figure 
1). The annual environmental assessment of Lake Cowan water and sediment quality, diatoms and aquatic 
biota resting stages has been conducted since 2005, monitoring the environmental impacts of dewatering 
discharge into Lake Cowan from the Norseman Gold Project (WRM & Biota 2020). The two control sites 
are located outside the Lake Cowan discharge embayment and Cobbler sub-basin, on the far-western side 
of the lake (see Figure 1), for comparison of ecological condition between discharge-exposed sites and 
‘natural’ sites (WRM & Biota 2020). These control sites are located approximately 12 km north-west of 
the Cobbler project survey area within the main Lake Cowan basin, and have been sampled annually for 
over a decade, providing a long-term reference dataset.  
 
The aim of this baseline survey is to document ecological values within, and in the vicinity of, the Cobbler 
project area prior to disturbance occurring, and establish a baseline for ongoing monitoring, if required. 
Specific rationale and methodology for each component is detailed below. 
 

Table 1. Playa sampling sites for Lake Cowan – Cobbler project baseline survey. CBP = Cobbler Playa. 

Type Site Zone Easting Northing Location description 

Potentially 
exposed 

CBP1 51 H 381503 6440923 
Within the project area, approximately 400 m north of 
island. 

CBP2 51 H 381880 6441141 
Within the project area, approximately 400 m north-east 
of CBP1. 

CBP3 51 H 381901 6440233 
Within the project area. Adjacent to island, south-east of 
CBP2.  

CBP4 51 H 381554 6439842 
Within the project area, south of island. Approximately 
500 m south-west of CBP3. 

CBP5 51 H 381889 6439359 
Within the project area, south of island. Approximately 
600 m south-east of CBP4. 

CBP6 51 H 382254 6439865 
Within the project area, south of island. Approximately 
700 m east of CBP4. 

CBP7 51 H 382906 6441483 
Outside project area. Approximately 1 km east of CBP2 
on eastern edge of playa basin.  

Control 

CM6 51 H 375744 6451859 
Western side of Lake Cowan main body, located off the 
highway, approximately 12 km north-west of the 
Cobbler project area. 

CM7 51 H 376040 6451080 
Western side of Lake Cowan main body, located off the 
highway, approximately 12 km north-west of the 
Cobbler project area. 

 
 
2.3.1 Sediment quality 

 
Sediment is an important component of lake ecosystems, supporting a wide range of organisms (Pulford 
& Flowers 2006). However, sediment also serves as a sink for contaminants entering a waterbody 
(Simpson et al. 2005). For this reason, understanding and interpreting sediment properties is vital 
(Hazelton & Murphy 2007), with chemical analysis a common tool, often used in conjunction with 
biological monitoring (Connell 2005). 
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At each site, a sediment sample was scraped, using an inverted plastic zip-lock bag and a gloved hand, 
from the top surface layer (1-2 cm) from within a 25 x 25 cm quadrat. At least 250g of sediment was 
collected from each site. Samples were then frozen and transported to ChemCentre for analysis (analytes 
listed in Table 2). Sediment quality data were compared against the most recent ANZG (2018) sediment 
quality guideline values (GVs) for aquatic ecosystems. Two sets of GVs are provided, the default GVs (DGV-
low), and the ‘upper’ guideline values (GV-high), which provide an indication of concentrations at which 
toxicity-related adverse effects might already be expected/observed. However, as for water quality, the 
sediment quality guidelines may not be appropriate where background levels of minerals in salt lakes are 
naturally enriched.  
 
Sediment quality data from the Cobbler sub-basin were compared against the historic ranges of analyte 
concentrations recorded at the Lake Cowan control sites. 
 

Table 2. Sediment analytes measured. 

Sediment quality 

Nutrients Nitrate and Nitrite (N-NOx) 
Total Nitrogen (total N) 
Total Phosphorous (total P) 
 

Dissolved Metals* 
 
 

Arsenic (As) 
Cadmium (Cd) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Lead (Pb) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Zinc (Zn) 
 

Ions 
 

Bicarbonate (HCO3) 
Carbonate (CO3) 
Calcium (Cl) 
Magnesium (Mg) 
Sodium (Na) 
Chloride (Cl) 
Sulphate (SO4) 
 

Other 
 

Moisture content (%) 
Total Dissolved Solids (TDS) 
pH 
Electrical Conductivity (µs/cm) 

* All metals analysed as dissolved metals 

 
 
2.3.2 Diatoms 

 
Diatoms are one of the most effective groups of organisms successfully used for biological monitoring of 
wetlands and rivers (Taukulis & John 2006). They display a wide range of morphological types represented 
by over 900 genera (Fourtanier & Kociolek 1999), occurring in both fresh and saline environments. They 
are also one of the most species rich components of aquatic communities, playing a fundamental role in 
many food webs (Bold & Wynne 1978, Stevenson & Pan 1999). 
 
A core of sediment was taken at each of the playa sites to document the presence and diversity of 
microalgae diatoms in the small lake. Sediment cores were taken from the top 5 cm of lake sediment, once 
any salt crust was cleared. To collect a core, a vial (80 ml, 4.5 cm diameter) was inserted into the sediment 
surface, and an intact core was removed (Plate 1). The samples were then frozen until laboratory analyses 
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was carried out to preserve diatom frustules. Samples were forwarded to Prof Jacob John1 (Diatom 
section, WA Herbarium) for laboratory processing. In the laboratory, preserved samples were ‘worked up’ 
to a permanent preparation, a process which involves oxidation of organic materials using acids, as well 
as mounting the samples in a special medium. After preparation, three replicate slides were made for each 
sample and taxonomic identification and enumeration was carried out at 1000X magnification under a 
compound microscope. Taxonomic level was consistent with that used in previous studies, i.e. species-
level wherever possible. As diatoms within the samples were considered sparse, the total area of all three 
slides was examined and all diatoms present recorded. The prepared slides were kept in the Diatom 
section of the WA herbarium for future reference. 
 

  

  

Plate 1. Sampling methods used for the Cobbler project baseline survey; a 25 x 25 cm quadrat square guide 
for the collection of resting stage sediments (top right and top left), collection of sediment core for diatom 
sampling (bottom left), and collection of sediment quality sample by scraping the top 1 – 2 cm of mud directly 
into a zip-lock bag (bottom right). 

 
 
2.3.3 Aquatic biota resting stages 

 
Aquatic biota can survive the drying phase of a seasonal/ephemeral wetland by dispersing as adults 
(invertebrates) or by producing desiccation resistant stages that enable them to maintain long-term 
dormancy (invertebrates, macrophytes and algae; Caceres 1997, Campagna 2007). Much of the biota in 
temporary systems remains in the sediment and the various groups often having different environmental 
requirements for emergence. It is only after exceptional rainfall events when the lake is full that the entire 
biota is revealed with many of the salinity-tolerant species appearing in the early filling stages of the lake 
(Timms 2005). Therefore, sampling of the sediment and identification of invertebrate and charophyte 
algae resting stages is a useful technique for quantifying species richness and community composition of 
permanent resident taxa when lakes are dry. Analysis of resting stages has this advantage over the 

 
1Prof Jacob John is a leading diatom researcher/taxonomist in Australia, and is in the process of publishing the Diatom flora of 
Australia in 5 volumes (Volume 1 and 2 is already published; Koeltz Botanical Books Germany). 
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method of sediment rehydration, as it is generally acknowledged that when undertaking laboratory 
rehydration of dry wetland sediments not all taxa present as resting stages in the sediment will emerge; 
providing the exact cues to trigger emergence of all taxa is technically challenging. 
 
Sediment samples were collected from each of the playa sites to identify the presence of algal spores and 
the resting stage cysts (eggs) of aquatic invertebrates. The sediment surface was scraped to a depth of 
0.5 – 1 cm from a quadrat of 25 x 25 cm within each site (Plate 1). The surface sediment layer is considered 
to be the “active dormant egg bank” (Caceres & Hairston 1998). Each of the three scrapings were pooled 
into one 1 L tub per site. The samples were then oven dried in individual foil trays at 40ºC. A 100 g sub-
sample from each site was passed through 500 μm and 110 μm stacked Endecott® brass sieves. Material 
retained in the 110 μm was examined, using a dissecting microscope for the presence of resting stages. 
Algal spores and cysts were counted and identified with reference to images published in Campagna 
(2007) and Stantec (2018). 
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3 DESKTOP LITERATURE REVIEW 

3.1 Past aquatic biota surveys of Lake Cowan 
 
Previous studies from Lake Cowan and nearby Lake Dundas found that these salt lake systems are 
relatively diverse in their aquatic invertebrate assemblages, compared to other salt lakes of the Goldfields 
Bioregion, despite extreme conditions of high salinity levels and limited inundation (Chaplin & John 1999a; 
Chaplin & John 1999b; Gregory 2008). Chaplin & John (1999a) sampled surface water fauna after the 
passage of two ex-tropical lows, recorded a total of 8 aquatic invertebrate species at Lake Cowan, and 7 
species from Lake Dundas. Although most of these were crustacean species with widespread distributions, 
at least one species of ostracod and the brine shrimp Parartemia serventyi are endemic to Western 
Australia. The species observed in the salt lakes comprised the orders Anostraca, Ostracoda and 
Copepoda. These included the species Parartemia serventyi, Australocypris sp. nov., Diacypris whitei, 
Diacypris fodiens and Metacyclops sp., as well as the Dipteran (fly larvae) Ceratopogoninae sp. (Chaplin & 
John 1999a). Two taxa, Daphniopsis pusilla (cladoceran) and Australocypris sp. (ostracod), were only 
recorded at Lake Dundas (see Appendix 2). None of these species are currently listed on the DBCA 
Threatened and Priority Fauna Rankings.  
 
The taxa were recorded at sites with salinities ranging between 38 – 185 g/L, and circumneutral to slightly 
alkaline pH (7.7 – 8.4). Only one Lake Cowan site recorded near-fresh water (3 g/L, site T8, near the 
present-day Lake Cowan control sites), and the assemblage at this site differed, with ostracods, copepods, 
rotifers and three aquatic insects constituting the assemblage (Chaplin & John 1999a). Total abundances 
up to 11,0011 individuals per 100 L-1 water were recorded at Lake Cowan, and consisted primarily of 
Metacyclops sp. (copepod) and Discypris whitei (ostracod), accompanied by Ceratopogonidae sp. (biting 
midge) larvae. The filamentous cyanobacteria Schizothrix sp. and diatoms were important constituents of 
benthic microbial mats present across the lakes, providing primary productivity on the benthos (Chaplin 
& John 1999b). Interestingly, the diatom richness was salt dependent, decreasing sharply with increasing 
salinity (Appendix 2). Diatoms observed in the Cobbler area sub-basin included Navicula aff. 
durrenbergiana, Hantzschia vivax, Nitszchia sp., Hantzschia amphioxys, and the dominant Amphora 
coffeaeoformis (Chaplin & John 1999a). Other diatoms recorded in the greater Lake Cowan included 
Anabaena sp., Oscillatoria sp., Navicymbulla pusilla and Entomoneis sp. (Chaplin & John 1999a). Blue 
green algae, such as the filamentous Scytonema and Oscillatoria, and coccoid forms such as Chroococcus, 
were also detected from Lake Cowan in 1999 by Prof Jacob John, after incubation of the cryptogamic crust 
(J. John, pers. comm., Sept 17, 2020). 
 
Previous studies also found considerable spatial variation in salinity levels across the lakes, likely caused 
by a combination of lake morphology, catchment area and salt crust characteristics, groundwater 
influences and local micro-climates (Chaplin & John 1999a, Chaplin & John 1999b). As salinity increases, 
oxygen solubility decreases; however well-developed algal mats and wind action generally sufficiently 
oxygenate the entire water column on these shallow salt lakes. Due to their large surface area to volume 
ratio, temperature can be highly variable and is often important for the hatching, growth and survival of 
the crustaceans present in the sediments. As previously mentioned, salinity is also an important driver of 
richness and abundance of aquatic fauna in these lakes. In addition, previous studies also found that 
nutrient status at Lake Cowan and Lake Dundas was low compared to other semi-arid zone salt lakes, 
which in turn can also decrease productivity (Chaplin & John 1999b).  
 
One species of special interest on the salt lakes was the brine shrimp Parartemia serventyi, collected at 
all sites on Lake Cowan and Lake Dundas, across a wide range of salinities. Parartemia is a genus endemic 
to Australia, and a total of 8 species are described, 5 of which, including P. serventyi, are endemic to 
Western Australia (Chaplin & John 1999a). P. serventyi cysts are deposited on the lake sediment as the 
female population perishes, and remain on the lake bed as it dries. Hatching stimulated upon the next 
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wet phase, influenced by various environmental cues. Some species, including P. serventyi, only produce 
resting eggs, which require a period of desiccation prior to hatching. 
 
An annual environmental assessment of Lake Cowan water and sediment quality, diatoms and aquatic 
biota resting stages has been conducted since 2005, monitoring the environmental impacts of dewatering 
discharge into Lake Cowan from the Norseman Gold Project (WRM & Biota 2020). This monitoring has 
detected differences in playa sediment quality at discharge embayment sites compared to control sites, 
including the formation of a salt crust from the discharge of hypersaline water. Discharge embayment site 
sediment recorded slightly alkaline pH (7.1 – 8.3), with higher moisture content and twice as high average 
sediment EC (56,260 µS/cm) compared to control sites. Concentrations of most dissolved metals and ions 
were also elevated at these sites, notably TDS, As, Co, Hg, Pb, Se, Ca, Cl, Na and SO4, suggesting dewatering 
discharge had influenced sediment quality in the exposed area. A total of 16 diatom species, two 
charophyte algae taxa and of four aquatic biota resting stage taxa have been recorded across 14 annual 
monitoring events conducted in late spring/early summer, at five discharge embayment sites and two 
control sites (see Appendix 2 for taxa lists). Aquatic biota richness and abundance has generally been 
higher in the discharge embayment sites, compared to control sites, though abundance has been 
generally low across all sites since 2014. The poor productivity may be related to climate, as total annual 
rainfall has been below the 20-year average for every year since 2014, with a lack of flooding to provide 
the appropriate environmental conditions for biota emergence and reproduction. Therefore, sediment 
quality changes and the formation of a salt crust in the discharge embayment were not able to be 
conclusively linked to adverse effects on aquatic biota, due to the apparently poor biota productivity at 
the two control sites, and the likely greater overall influence of climate and rainfall of lake biota. 
 
 

3.2 Regional aquatic biota of conservation significance/scientific interest 
 
A search of the DBCA NatureMap database for records of aquatic biota within 40 km of the Cobbler sub-
basin yielded two records of P. serventyi, and eight records of Parartemia spp. resting stage cysts. Both 
records of P. serventyi were collected in 2016 from a small (0.07 km2) clay pan adjacent to the Lake Cowan 
discharge embayment by environmental consultants Bennelongia, approximately 12 km north-east of the 
study area. Six of the Parartemia spp. resting stage cyst records were collected from the Lake Cowan 
discharge embayment in 2010, by environmental consultants Outback Ecology, as part of the annual 
dewatering discharge environmental assessment. These records indicated 30 – 60 resting stage cysts were 
collected from each site, approximately 10 – 15 km north of the Cobbler survey area. One of the records 
was found at a Lake Cowan control site (CM7) part of the annual dewatering discharge environmental 
assessment in 2013, approximately 12 km north-west of the survey area. The eighth record of Parartemia 
spp. was collected from Lake Dundas in December 2017 by environmental consultants Stantec. This record 
indicates 80 resting stage cysts were collected from the eastern shore of the lake, approximately 30 km 
south of the Cobbler survey area. 
 
Only three species of aquatic invertebrate found in the Goldfields region are listed on the DBCA 
Threatened and Priority Fauna Rankings, the fairy shrimp (also Anostraca) Branchinella apophysata 
(Priority 1), B. denticulata (Priority 3) and B. simplex (Priority 1). The closest record to the Cobbler sub-
basin of Lake Cowan was B. denticulata, over 200 km to the north near Kalgoorlie. Branchinella, which are 
considered to be freshwater species (Timms 2015), would be unlikely to occur in the hypersaline waters 
of the Cobbler sub-basin within Lake Cowan.  
 
 

3.3 Desktop review summary 
 
Lake Cowan surface water exhibits a circumneutral to slightly alkaline pH (7.7 – 8.4) and a wide range in 
salinity (38 – 185 g/L) when naturally inundated (Chaplin & John 1999a). A total of 8 aquatic invertebrate 
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species and 16 diatom species have previously been recorded from Lake Cowan surface waters (Chaplin 
& John 1999a, WRM & Biota 2020). Aquatic invertebrates recorded include the species Parartemia 
serventyi, Australocypris sp. nov., Diacypris whitei, Diacypris fodiens and Metacyclops sp., as well as 
Ceratopogoninae sp. (biting midge larvae). Diatoms observed in the Cobbler area sub-basin included 
Navicula aff. durrenbergiana, Hantzschia vivax, Nitszchia sp., Hantzschia amphioxys, and the dominant 
Amphora coffeaeoformis (Chaplin & John 1999a). Other diatoms recorded in the greater Lake Cowan 
included Anabaena sp., Oscillatoria sp., Navicymbulla pusilla and Entomoneis sp. (Chaplin & John 1999a). 
Aquatic biota resting stage taxa previously recorded in Lake Cowan sediments include two algae taxa and 
four crustacea taxa (2005 – 2019; WRM & Biota 2020). None of these species are currently listed on the 
DBCA Threatened and Priority Fauna Rankings. 
 
Searches of the IUCN website, DBCA Threatened and Priority Fauna Rankings list and DBCA NatureMap 
database did not produce any additional aquatic biota of conservation significance, that would be likely 
to occur in the naturally highly-saline conditions of Lake Cowan. 
  



Lake Cowan Cobbler Deposit: Aquatic Biota Baseline Assessment 2020             

20 

4 BASELINE SURVEY RESULTS & DISCUSSION 

 

4.1 Sediment quality 
 
Sediment was sampled at all seven playa sites during the July 2020 survey (Chem Centre analysis results 
in Table 3). Spatial differences in sediment attributes and chemistry were apparent across the Cobbler 
survey area (Figure 4 to Figure 7). This is a known characteristic of Goldfields salt lakes, for which a high 
degree of heterogeneity in sediment chemistry has previously been observed both between and within 
systems (Gregory 2008). Gregory (2008), in their classification of inland salt lakes in Western Australia, 
found that the concentration of numerous sediment quality analytes in salt lakes, including moisture 
content, N-NOx, total N, SO4, Cd, Cu, Pb and Zn, were influenced by the clay and sand content of the 
sediment. Therefore, variation in sediment particle size composition across the Cobbler sub-basin may 
explain some of the spatial variation in sediment chemistry. 
 
Sediment pH was slightly acidic at CBP1, CBP2 and CBP3 (6.7 – 6.8), and neutral at the remaining four sites 
(7 – 7.1). pH was within the historical range recorded for Lake Cowan control sites (Table 3), and 
comparable to Coolgardie region salt lakes (range 4.0 – 8.1; Gregory 2008).  Moisture content ranged from 
16.1% (CBP2) to 26.9% (CBP7). While the moisture content at CBP7 exceeded the historic maximum for 
the control sites, this was likely due to the control sites being consistently sampled in late spring/early 
summer, when air temperature and evaporation rates are likely higher compared to mid-winter. Sediment 
electrical conductivity (EC) was similar across all sites, ranging from 21,900 – 25,600 µS/cm, and all levels 
were within the control sites historical range. Total dissolved solids (TDS) ranged from 82,000 mg/kg 
(CBP6) to 100,000 mg/kg (CBP1), at the upper end of, and slightly exceeding, the control sites historical 
range (39,000 – 99,000 mg/kg). TDS at Cobbler was generally low in comparison to nearby lakes also 
sampled in July 2020, Lake Dundas and the small lake at Gladstone Daisy. 
 
Concentrations of nitrites and nitrates (N-NOx) ranged from 0.2 mg/kg to 1.8 mg/kg and was highest at 
CBP1 and CBP7 (Figure 4). Total N ranged from 190 mg/kg (CBP2) to 500 mg/kg (CBP5), and total P ranged 
between 53 mg/kg (CBP2) and 88 mg/kg (CBP3). While N-NOx and total P levels in the Cobbler sub-basin 
were within the historical range recorded for Lake Cowan control sites, the total N concentration at CBP5 
exceeded the control range (max. 483 mg/kg). All Cobbler nutrient concentrations were lower than the 
maximum recorded from Lake Cowan discharge embayment sites, and were within the range for natural 
Coolgardie region salt lakes (see Appendix 3 for Lake Cowan discharge embayment sediment quality data; 
Gregory 2008). 
 
The ANZG (2018) DGV-low for Ni (21 mg/kg) was exceeded at all Cobbler sub-basin sites (ranging from 23 
mg/kg at CBP5 to 42 mg/kg and CBP1), and the DGV-low for Cr (80 mg/kg) was exceeded at sites CBP1 (89 
mg/kg), CBP2 (81 mg/kg), CBP3 (110 mg/kg) and CBP7 (86 mg/kg; Table 3).  No sediment metals recorded 
concentrations in excess of GV-high. However, sediment quality guidelines may not be appropriate where 
background levels of minerals in salt lakes are naturally enriched. Elevated concentrations of Cr and Ni 
have been recorded previously from Lake Cowan control sites; up to 300 mg/kg of Cr and 123 mg/kg of Ni 
(Table 3). While sediment analyte concentrations in the Cobbler sub-basin in July 2020 were mostly within 
the historic ranges observed at the Lake Cowan control sites, concentrations of As at all sites (range 3.5 – 
6.5 mg/kg) exceeded the historic maximum (3.1 mg/kg). However, the maximum As level recorded for 
natural salt lake sediments by Gregory (2008) was 11 mg/kg, indicating Cobbler sediment As levels are 
within a normal range. 
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Table 3. Sediment analyte concentrations at each playa site, compared to available ANZG (2018) sediment DGVs (DGV-low exceedances highlighted in grey, GV-high exceedances 
highlighted red), historical range for Lake Cowan monitoring control sites (exceedances highlighted in orange), and ranges from NGP area lakes also sampled in July 2020. n = years 
of historic records available) 

    
Lake Cowan control 
sites historic range 

    Cobbler sub-basin July 2020 NGP lakes July 2020 range 

Analyte Unit 2005 - 2019 n 
DGV-
low 

GV - 
high 

CBP1 CBP2 CBP3 CBP4 CBP5 CBP6 CBP7 
Lake Dundas    

(n = 8) 
Gladstone Daisy 

(n = 3) 

Moisture content % 13.2 - 21.2 11 - - 20.6 16.1 20.7 20.9 26.3 24.8 26.9 14.6 - 35.2 34.3 - 35.5 

pH - 6.5 - 8.4 11 - - 6.8 6.8 6.7 7.1 7.1 7 7 6.4 - 7 7.3 - 9.1 

EC µS/cm 5,230 - 31,200 14 - - 25,400 21,900 25,500 25,000 25,600 23,300 24,200 21,900 - 56,700 29,200 - 34,600 

TDS mg/kg 39,000 - 99,000 11 - - 100,000 90,000 89,000 88,000 90,000 82,000 84,000 72,000 - 210,000 100,000 - 120,000 

N-NOx mg/kg <0.1 - 4.9 6 - - 1.6 0.23 0.2 0.96 1 1 1.8 0.13 - 4.7 0.25 - 0.63 

Total N mg/kg <20 - 483 10 - - 310 190 210 420 500 370 430 60 - 940 108 - 127 

Total P mg/kg 12 - 110 12 - - 63 53 88 77 57 66 82 88 - 270 78 - 110 

As mg/kg 0.5 – 3.1 12 20 70 4.4 3.5 4.6 4.3 6.5 4.5 6.5 3.1 - 14 1.4 - 1.9 

Cd mg/kg <0.05 12 1.5 10 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.042 - 0.18 <0.05 

Cr mg/kg 39 - 300 13 80 370 89 81 110 72 59 75 86 21 - 90 11 - 17 

Co mg/kg 12 - 17 13 - - 11 8.8 12 8 6.9 7.9 11 5 - 15 2.2 - 3.6 

Cu mg/kg 10 - 32 4 65 270 18 16 18 13 11 14 17 9.5 - 31 4.6 - 6.2 

Hg mg/kg <0.1 13 0.15 1 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Ni mg/kg 15 - 123 4 21 52 42 38 41 27 23 30 40 11 - 50 6 - 8 

Pb mg/kg 2.4 - 5.6 13 50 220 2.1 1.8 2.2 2.6 1.9 2.1 2.4 4.7 - 14 1.7 - 3.8 

Se mg/kg 0.1 – 0.37 1 - - 0.16 0.13 0.18 0.2 0.16 0.19 0.2 0.12 - 0.59 0.34 - 0.52 

Zn mg/kg 9 - 76 13 200 410 18 14 20 15 12 16 20 12 - 50 7 - 11 

CO3 mg/kg <10 13 - - <10 <10 <10 <10 <10 <10 <10 <10 <10 - 57 

Ca mg/kg 2,540 - 3,830 3 - - 43,000 25,000 41,000 48,000 48,000 66,000 43,000 560 - 63,000 62,000 - 86,000 

Cl mg/kg 13,700 - 57,000 4 - - 42,000 35,000 43,000 41,000 42,000 38,000 40,000 38,000 - 110,000 50,000 - 59,000 

HCO3 mg/kg 3 - 250 13 - - 20 17 16 33 33 27 23 12 - 36 45 - 86 

Mg mg/kg 8,950 - 19,100 4 - - 10,000 11,000 13,000 10,000 10,000 10,000 13,000 3,800 - 25,000 8,200 - 9,900 

Na mg/kg 18,000 - 31,000 4 - - 21,000 20,000 19,000 18,000 21,000 17,000 19,000 16,000 - 57,000 25,000 - 31,000 

SO4 mg/kg 440 - 28,000 4 - - 99,000 52,000 97,000 130,000 130,000 150,000 120,000 5,700 - 170,000 150,000 - 220,000 
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Concentrations of major anions and cations were highly variable in the sediment of the Cobbler sampling 
sites (Figure 6 and Figure 7). Concentrations of SO4 in Cobbler sub-basin sediment (range 52,000 – 150,000 
mg/kg) exceeded all other ion concentrations, and was up to 5 times higher than at control sites (range 440 
- 28,000 kg/mg; Table 3). The lowest SO4 concentration in the Cobbler sub-basin was also greater than the 
maximum average concentration recorded by Gregory (2008) from Goldfields salt lakes, 31,767 mg/kg 
(standard deviation 12,437 mg/kg). Gregory (2008) found that different sediment types, such as clay, have 
exhibited higher sulphate concentrations. The nearby salt lakes in the NGP area, Lake Dundas and the small 
Gladstone Daisy playa, sampled by the author in July 2020, recorded higher SO4 concentrations than Cobbler 
(up to 170,000 mg/kg at Lake Dundas, and up to 220,000 mg/kg at Gladstone Daisy). Concentrations of Ca in 
Cobbler sediments were also elevated above the historic range recorded at Lake Cowan control sites, but 
again, were comparable to levels recorded in the other NGP lakes. The high SO4 and Ca concentrations in 
NGP area salt lakes is unusual for the Goldfields region, however, natural processes are considered the likely 
source, such as the erosion of localised mineral deposits in the surrounding catchment.  
 
 

 

Figure 4. Cobbler project area sediment EC, moisture content, pH, and nutrient concentrations, July 2020 
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DGV-low           DGV-high 

Figure 5. Cobbler project area sediment dissolved metal concentrations, July 2020, compared to DGV-low and DGV-high 
values, where available. 
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Figure 6. Cobbler project area sediment ion concentrations, July 2020. 

 

 

Figure 7. Cobbler project area sediment anion and cation compositions, July 2020. 
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The anion and cation dominance sequence was SO4 > Cl > HCO3 and Ca > Na > Mg at all Cobbler sites 
(Figure 7). This differed from the ionic dominance sequence historically observed in sediments of the Lake 
Cowan control sites (Cl > SO4 >  HCO3 and Na > Mg > Ca; Table 3), as well as the majority of Lake Dundas 
sites (Cl > SO4 > HCO3 and Na > Mg > Ca) sampled during the July 2020 survey (Table 3). Gregory (2008) 
found that the ionic dominance of Coolgardie salt lakes was predominantly characterised as Cl> SO4> HCO3 

and Na> Ca> Mg. 
 
The large spatial variation observed in the sediment analyte concentrations of the Cobbler sites, in 

addition to the Lake Cowan control sites (CM6 and CM7), is considered to be naturally occurring, and 

typical of Goldfields salt lakes (Gregory 2008, WRM & Biota 2020). These variations are largely influenced 

by geological differences in the surrounding catchment, drainage patterns and localised sediment particle 

size composition. The control dataset also showed large ranges in analyte levels, suggesting changes in 

sediment quality also naturally occur over time.  

 

4.2 Diatoms 
 
Four diatom species were recorded from Cobbler area sediment samples collected in July 2020, across 
the seven survey sites (Table 4). The most widespread species was Navicula aff. incertata (Plate 2), which 
was detected at all seven sites in very low abundance. Navicula aff. incertata is one of the dominant 
diatom species found in Coolgardie region salt lakes, the other being Amphora coffeaeformis, which, along 
with Navicymbulla pusilla, was the second most abundant diatom species in the sub-basin (Table 4). The 
fourth diatom species, Hantzschia amphioxys, was only found at CBP5 and in very low abundance. 
Navicula aff. incertata, Ampora coffeaeoformis and Hantzschia amphioxys, pictured in Plate 2, are known 
to have broad tolerances to environmental variations, and have been commonly recorded in Lake Cowan 
and other Goldfields salt lakes (Gregory 2008, Stantec 2018, WRM & Biota 2020). Navicymbulla pusilla 
has also previously been found in Lake Cowan (Chaplin & John 1999a, WRM & Biota 2020).  
 

Table 4. Diatom species collected from Cobbler playa survey sites during July 2020. 

  CBP1 CBP2 CBP3 CBP4 CBP5 CBP6 CBP7 

Navicula aff. incertata * * * * * * * 

Navicymbulla pusilla       * **     

Ampora coffeaeoformis         ** **   

Hantzschia amphioxys         **     

Taxa richness 1 1 1 2 4 2 1 

Abundance Very low Very low Very low Low Medium Medium Very low 

Qualitative abundance estimates: * very low, ** low, *** medium, **** high, ***** very high. 

 
 
Diatom diversity and abundance in the Cobbler survey area was highest at CBP5, followed by CBP6 and 
CBP4 (Table 4). These sites were located in the southern part of the survey area, south of the small island 
within the basin. Gregory (2008) found sediment moisture content was shown to have a negative impact 
of the diatom community, however there did not appear to be any association between moisture content 
and diatom diversity or abundance at Cobbler sites. Diatom communities in salt lakes commonly show a 
highly random and patchy distribution (J. John, pers. comm., Sept 17, 2020). This is likely related to 
variations in sediment properties such as moisture content, salinity, nutrients, and microtopography 
(Wolfe 1996, van Kerckvoorde et al. 2000, Battarbee et al. 2001, Stantec 2018, WRM & Biota 2020).  
 
Overall, the small Cobbler basin does not appear to support diatom species that have not been recorded 
elsewhere in the Goldfields region, or a species-rich assemblage. The Lake Cowan control sites have 
yielded similarly low diversity and abundance of diatoms over a 14-year period (2005 – 2019), with 
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diversity ranging from 0 to 5 species per sampling event, and very low to medium abundance (Appendix 
2). However, these results from dry lake conditions should be interpreted with caution, as diatom 
sampling conducted during natural inundation may yield different results (i.e. higher diversity or different 
species assemblage; J. John, pers. comm., Sept 17, 2020). 
 

 

Plate 2. Photographs of diatom species. A) Hantzschia amphioxys, B) Amphora coffeaeformis, C-D) Navicula aff. 
Incertata. 

 
 

4.3 Aquatic biota resting stages 
 
Two aquatic biota resting stage taxa were recorded from the Cobbler project area sites in July 2020, one 
algae taxon, the antheridia2 of charophyte Chara, and one crustacea taxon, resting stage cysts of brine 
shrimp genus Parartemia (Plate 3, Table 5). Chara were recorded from sites CBP4 and CBP5, and 
Parartemia were recorded from CBP3, CBP4, CBP5 and CBP6. Only sites CBP4 and CBP5 recorded both 
taxa, which were also the sites with highest abundance per 100 g sediment. 17 Parartemia cysts were 
recorded at CBP5, and 6 cysts at CBP4. CBP4 recorded the highest number of Chara antheridia (9), 
followed CBP5 (6). Three of the seven sites, CBP1, CBP2 and CBP7, did not record resting stage taxa in July 
2020. These sites were located on the northern side of the proposed Cobbler project survey area, north 
of the small island on the playa (see Figure 2). Influencing factors such as prevailing winds and 
geomorphology, generally result in a heterogenous distribution of resting stage cysts within salt lake 
sediments (Brendonck & De Meester 2003, Thiéry 1997). 
 
Parartemia and Chara have also been recorded during the Lake Cowan annual environmental assessment, 
conducted from 2005 to 2019 (WRM & Biota 2020, see Appendix 2). Similar levels of aquatic biota resting 
stage taxa richness have also been recorded at Lake Yindarlgooda and Lake Lefroy (Campagna 2007, 
Stantec 2018). Although it was not possible to identify resting stage eggs to species level, Parartemia is a 
genus endemic to Australia, with 5 species endemic to Western Australia. In a previous study by Chaplin 
& John (1999a), the only species of brine shrimp recorded from Lake Cowan was P. serventyi. Therefore, 

 
2 An antheridium (antheridia for plural) is the male reproductive structure in ferns, mosses, fungi, and algae. 
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it is highly likely that the cysts collected from the project area in July 2020 belong to this species. P. 
serventyi is not currently listed on the DBCA Threatened and Priority Fauna Rankings. 
 

Table 5. Abundance and richness of aquatic biota resting stage cysts collected from the Cobbler project area on playa 
monitoring sites during the July 2020 survey. Result are given per 100 g of sediment. 

    CBP1 CBP2 CBP3 CBP4 CBP5 CBP6 CBP7 

PLANTAE                 

Charophyta Charophyceae               

  Chara sp. 0 0 0 9 6 0 0 

ANIMALIA                 

Branchiopoda                 

Anostraca Branchipodidae               

  Parartemia spp. 0 0 1 6 17 1 0 

         

 Taxa richness  
Abundance (per 100 g sed.) 

0 0 1 2 2 1 0 

0 0 1 15 23 1 0 

 
Although not detected in the sediment samples of Cobbler sites, additional resting stage taxa have 
historically been found at the Lake Cowan Lake annual environmental assessment monitoring sites (WRM 
& Biota 2020). These included the resting stage cysts of the algal charophyte Lamprothamnium sp., a 
common and widespread salt tolerant family occurring in brackish, saline and hypersaline environments 
(Casanova 2013). Resting stage cysts of the crustacean taxa Ostracoda (white and red eggs) and Copepoda 
(Meridiecyclops baylyi) have also previously been recorded. Meridiecyclops baylyi is a highly halotolerant 
copepod endemic to Australia, described in 2001 by Fiers and has previously been recorded in hypersaline 
waters of Western Australia (Fiers 2001, Pinder 2005).   
 

  

  

Plate 3.  Clockwise from top left: Chara sp. antheridium (orange/red) and Parartemia spp. cyst (brown), Parartemia 
spp. cyst, compound image of Parartemia spp. cyst. and compound image of Chara sp. anteridium. 
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5 POTENTIAL IMPACTS TO AQUATIC ECOLOGICAL VALUES FROM MINE 
DEVELOPMENT 

 
The proposed Cobbler project area covers approximately 3.5 km2 of playa within the sub-basin, 
approximately 10% of the total sub-basin area, and 0.02% of the greater Lake Cowan system. The 
development of the Cobbler project will require excavation of playa sediment and creation of waste 
dumps on the playa, and dewatering of an unknown quantity of water from beneath the playa surface 
(see Figure 2). Modelling and feasibility assessments for the Cobbler project are in progress, therefore the 
potential disturbance footprint and location of waste dumps on the playa surface has not yet been 
determined. Dewatering discharge is likely to be operated via the existing outlet to Lake Cowan adjacent 
to the North Royal mine, which is already subject to annual environmental monitoring. Pit excavation, 
waste rock dump creation and infrastructure development for the Cobbler project has the potential to 
impact the aquatic ecological values of the sub-basin of Lake Cowan within and adjacent to the project 
area. Any impacts from development are anticipated to be localised to the Cobbler sub-basin, which is 
segregated from the greater Lake Cowan playa by the Coolgardie-Norseman Highway causeway. Initial 
surface water modelling indicates water flows in a southerly direction along the eastern edge of the sub-
basin, away from the greater Lake Cowan main basin, located to the north of the project area. 
Additionally, the playa surface within the sub-basin is not considered a pristine environment, having been 
exposed to prior anthropogenic activity, including causeway and trench construction, and vehicle traffic, 
resulting in disturbances to the playa surface. The Norseman Aerodrome, including a runway, is also 
located on the playa approximately 4.5 km south-east of the Cobber project area. 
 
The excavation of the playa surface and placement of waste dumps will disturb aquatic biota resting 
stages and diatoms within the relatively small project area (i.e. less than 0.02% of Lake Cowan surface 
area). Post-mine recovery in areas of high-disturbance is unlikely without extensive rehabilitation 
activities (i.e. filling of pit/s, removal of waste dumps). Stormwater runoff from waste dumps may carry 
and deposit minerals, such as dissolved metals, onto the surrounding lake surface, altering the playa 
surface sediment and water quality. Increased heavy metal concentrations in sediment may inhibit the 
emergence of brine shrimp nauplii from resting stage cysts upon inundation during the natural hydrocycle 
(MacRae & Pandey 1991). Lower emergence rates among aquatic biota during natural flooding may 
decreasing propagule and egg replenishment in the sediment, affecting future biota productivity 
(Campagna 2007, Pinder et al. 2005, Timms 2014, Stantec 2018). Sedimentation from waste dumps may 
also disrupt the integrity of the cyanobacteria “biological soil crusts”, algal mats and bury diatom 
communities (J. John, pers. comm., Sept 17, 2020). The biological soil crusts formed by cyanobacteria, 
along with algal mats, provide stability to lake sediments that protects against wind erosion (Campagna 
2007). However, if all reasonable precautions are undertaken to limit the loss of eroded sediments to the 
surrounding environment, and if the concentrations of any chemical stressors in the waste dump 
sediments are below the limits of detection/ANZG (2018) DGV-low, then the risk to the receiving 
environment within the sub-basin would be low. Additionally, the ecological values of sub-basin outside 
of the project area, that are not anticipated to be exposed to ground disturbance, have the potential to 
recover from possible sediment quality changes following rainfall and flushing events.  
 
Overall, mining development in the Cobbler sub-basin area is considered to pose a moderate risk to the 
playa environment within the development footprint, a low risk to the wider sub-basin environment, and 
no risk to the greater Lake Cowan environment. Based on the current study, the sub-basin does not appear 
to support a distinct aquatic biota assemblage, in the context of the greater Lake Cowan and other 
Goldfields salt lakes, and has already been subject to anthropogenic disturbance. Management, 
monitoring and mitigation measures should be considered to limit adverse impacts to sediment and water 
quality within the sub-basin as a result of the construction and operation of the Cobbler project, such as 
the design of on-site drainage and management of stormwater in the event of flooding. 
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6 SUMMARY & CONCLUSIONS 
 

6.1 General 
 
The baseline assessment of the Cobbler sub-basin of Lake Cowan targeted sediment quality and aquatic 
biota (resting stages and diatoms), and was conducted in July 2020. This survey assessed the current 
condition of the ecological values for this area that may be affected by the Cobbler project development. 
Seven playa sites were surveyed across the lake bed, six sites within and one outside the Cobbler project 
area. The Cobbler sub-basin was dry at the time of sampling, and only samples for sediment and aquatic 
biota resting stages were collected at all sites. 
 
The PNRS Feasibility Study (FS), scheduled for completion later in 2020, will consider the ecological values 
in the vicinity of the Cobbler deposit that may be impacted by the project development. The objective of 
this baseline assessment was to support the FS by: 

i. Collecting benthic sediment samples from the Cobbler sub-basin and comparing concentrations 
of analytes against ANZG (2018) DGVs and historical Lake Cowan control site ranges; 

ii. Sampling aquatic biota residing in sediments on the lake playa (diatoms and biota resting stages) 
to document diversity and abundance; 

iii. Conducting a desktop review, collating literature and existing knowledge of the aquatic 
ecosystems of Lake Cowan, and discussing aquatic fauna previously recorded at Lake Cowan, and 
their conservation significance; and 

iv. Reporting on survey findings, including a discussion of potential impacts to the aquatic biota of 
Lake Cowan that may arise from project development. 

 
Potential risks to the aquatic biota of the Cobbler area stem from pit development on the playa surface. 
The proposed area for development is approximately 3.5 km2 of lake surface. The development of the 
Cobbler project will require excavation of playa sediment and creation of waste dumps on the playa. This 
will likely result in the loss of aquatic biota communities within the area to be excavated, and potential 
impacts to the aquatic biota of the surrounding sub-basin playa through alterations to sediment and water 
quality, via stormwater runoff from the project area. However, if all reasonable precautions are 
undertaken to contain stormwater and limit the loss of eroded sediments to the surrounding 
environment, and if the concentrations of any chemical stressors in the waste dump sediments are below 
the limits of detection/ANZG (2018) DGV-low, then the risk to the receiving environment within the sub-
basin would be low. 
 
 

6.2 Sediment quality 
 
Cobbler sub-basin sediments were characterised by slightly acidic to neutral pH and EC levels within the 
historic range recorded at the Lake Cowan control sites. Cobbler sites recorded TDS levels at the higher 
end of the range of that observed for Lake Cowan control sites, but within the ranges recorded at other 
nearby NGP lakes sampled in July 2020.  
 
High spatial variation was observed in nutrient, metal and ion concentrations across the Cobbler project 
area. Nutrient concentrations were mostly within the historic ranges recorded for the Lake Cowan control 
sites, and comparable to Coolgardie region salt lakes. Two metals, Ni and Cr, exceeded the ANZG (2018) 
DGV-low at either all or some sites. However, sediment quality guidelines may not be appropriate where 
background levels of minerals in salt lakes are naturally enriched. Aside from a few deviations, metals and 
ion concentrations in the Cobbler sub-basin were within the historic Lake Cowan control ranges. Though 
concentrations of the anion SO4 and the cation Ca were elevated above the control site ranges, and SO4 
levels were considered unusual among Goldfields salt lakes, all concentrations of analytes in the Cobbler 
sub-basin were comparable to ranges recorded at other nearby NGP lakes sampled in July 2020. The 
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spatial differences in sediment chemistry in the Cobbler sub-basin of Lake Cowan are typical of Goldfields 
salt lakes, and variations are largely influenced by geological differences in the surrounding catchment, 
drainage patterns and localised sediment particle size composition. 
 
 

6.3 Aquatic biota 
 
The outcomes of the baseline ecological assessment of the Cobbler sub-basin playa environment indicate 
that the ecological values of the area are likely “low” in significance. Diatom and aquatic biota resting 
stage taxa richness at Cobbler were consistent with previous studies conducted in Lake Cowan and in 
nearby lakes. Four diatom species (Ampora coffeaeoformis, Hantzschia amphioxys, Navicula aff. incertata, 
and Navicymbulla pusilla), one algae taxon (Chara spp.) and one crustacea taxon (Parartemia spp.) were 
recorded from Cobbler sediment samples collected in July 2020, across the seven survey sites. All of these 
taxa have been recorded from Lake Cowan during previous surveys. Biota diversity and abundance was 
notably higher among the southern sites in the survey area compared to the northern sites, though there 
did not appear to be any association between sediment quality and biota distribution at Cobbler sites. 
This is typical of salt lake biota, for example, diatom communities in salt lakes are known to naturally 
exhibit a highly random and patchy distribution (J. John, pers. comm., Sept 17, 2020). This is likely related 
to variations in sediment properties such as moisture content, salinity, nutrients, and microtopography 
(Wolfe 1996, van Kerckvoorde et al. 2000, Battarbee et al. 2001, Stantec 2018, WRM & Biota 2020). No 
fauna of conservation significance were found in the Cobbler sub-basin in July 2020, nor during the 
previous study of Lake Cowan by Chaplin & John (1999a), nor during the 14 rounds of annual 
environmental assessment for Lake Cowan dewatering discharge. 
 
 

6.4 Potential impacts to aquatic ecological values from mine development 
 
The development of the Cobbler project will require the excavation of a pit and establishment of waste 
sediment dumps on approximately 3.5 km2 of playa surface within the Cobbler sub-basin, which equates 
to 0.02% of the total surface area of Lake Cowan. Modelling and feasibility assessments for the Cobbler 
project are in progress, therefore the disturbance footprint and location of waste dumps on the playa 
surface has not yet been finalised. Pit excavation, waste dump creation and infrastructure development 
for the Cobbler project has the potential to impact the aquatic ecological values of the sub-basin of Lake 
Cowan within and adjacent to the project area. Any impacts from development are anticipated to be 
localised to the Cobbler sub-basin, as surface water modelling indicates water flows in a southerly 
direction along the eastern edge of the sub-basin, away from the greater Lake Cowan main basin, located 
to the north of the project area. . The sub-basin playa is not considered a pristine environment, having 
been exposed to disturbances including causeway and trench construction, vehicle traffic, and airport 
activities. 
 
The excavation of the playa surface and placement of waste dumps will disturb aquatic biota resting 
stages and diatoms within the project area, and post-mine recovery in areas of high-disturbance is unlikely 
without extensive rehabilitation activities (i.e. filling of pit/s, removal of waste dumps). Stormwater runoff 
from waste dumps may carry and deposit minerals into the wider sub-basin area, altering the playa 
surface sediment and water quality, which may affect the emergence and replenishment of aquatic biota 
resting stages. Sedimentation from waste dumps may also disrupt the integrity of biological soil crusts 
and algal mats, and bury diatom communities. However, if all reasonable precautions are undertaken to 
limit the loss of eroded sediments to the surrounding environment, and if the concentrations of any 
chemical stressors in the waste dump sediments are below the limits of detection/ANZG (2018) DGV-low, 
then the risk to the receiving environment within the sub-basin would be low. Additionally, the ecological 
values of sub-basin outside of the project area, that are not anticipated to be exposed to ground 
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disturbance, have the potential to recover from possible sediment quality changes following rainfall and 
flushing events.  
 
Overall, mining development in the Cobbler sub-basin area is considered to pose a moderate risk to the 
playa environment within the development footprint, a low risk to the wider sub-basin environment, and 
no risk to the greater Lake Cowan environment. Based on the current study, the sub-basin does not appear 
to support a distinct aquatic biota assemblage, in the context of the greater Lake Cowan and other 
Goldfields salt lakes, and has already been subject to anthropogenic disturbance. Management, 
monitoring and mitigation measures should be considered to limit adverse impacts to sediment and water 
quality within the sub-basin as a result of the construction and operation of the Cobbler project, such as 
the design of on-site drainage and management of stormwater in the event of flooding. 
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Appendix 1. Photographs of playa sites sampled during July 2020 
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Appendix 2. Aquatic fauna previously recorded at Lake Cowan and Lake Dundas   
 
Table A3-1. Aquatic invertebrate taxa from Lake Cowan and Dundas (May and April 1999), with salinity ranges of 
animals collected live (Chaplin & John 1999a). D – indicates species/taxon recorded from Lake Dundas. 
 

 
 

 
Figure A3-1. Relationship between total invertebrate abundance and salinity at Lake Cowan and Lake Dundas 
during April and May 1999 (Chaplin & John 1999a).
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Table A3-2. Abundance of each diatom species collected from Lake Cowan playa monitoring sites during each survey, 2005-2019 (05-19). Samples which recorded zero diatoms 
are not included. 

 
 
  

05 06 08 10 12 13 16 19 05 06 08 11 12 13 14 15 17 05 06 07 09 10 11 12 19 05 06 10 11 12 13 14 15 16 06 09 10 11 13 14 15 06 07 11 13 14 15 16 06 16

Achnanthidium brevipes 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Amphora coffeaeformis 0 0 0 0 1 2 0 0 0 0 0 0 0 5 2 2 0 27 9 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 1 0

Entomoneis aff. paludosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fragilaria construens 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hantzschia aff. baltica 0 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 0 3 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Hantzschia amphioxys 0 0 1 0 0 0 0 0 0 0 1 6 0 4 0 0 1 1 1 0 0 0 13 1 1 0 0 0 0 2 0 0 0 0 0 0 0 1 3 0 0 0 1 6 1 0 0 1 0 0

Hantzschia baltica 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Luticola cohnii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Luticola mutica 0 1 0 0 0 0 1 0 0 1 0 1 0 7 0 0 0 0 0 0 4 0 6 1 0 0 0 0 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 15 0 0 0 0 0 0

Navicella pusilla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Navicula aff. incertata 0 18 0 0 0 2 2 0 3 0 0 1 1 61 0 0 0 47 39 9 0 7 2 1 0 1 19 5 0 13 3 1 1 1 1 0 12 0 2 0 0 4 0 0 0 0 0 0 1 1

Navicula aff. salinicola 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 0 0 19 0 0 4 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0

Nitzschia amphib ia 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nitzschia etoshensis 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nitzschia ovalis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pinnularia borealis 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Species richness 2 2 2 1 2 2 2 1 1 1 1 3 1 7 1 1 1 6 5 1 4 1 4 3 1 2 1 1 1 3 1 2 2 1 2 4 1 1 5 1 1 1 1 2 2 1 1 2 2 1

Abundance 3 19 2 2 2 4 3 1 3 1 1 8 1 100 2 2 1 100 100 9 11 7 34 3 1 2 19 5 2 16 3 2 2 1 2 4 12 1 8 1 1 4 1 21 2 1 1 2 2 1

CM7CM1 CM2 CM3 CM4 CM5 CM6
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Table A3-2. Abundance of aquatic biota resting stage cysts collected from Lake Cowan playa monitoring sites during each survey, 2005-2019 (05-19). Samples which recorded 
zero cysts are not included. 

 
 
  

09 14 15 17 05 09 14 15 19 05 06 09 16 17 19 05 08 16 17 06 07 08 09 12 14 15 16 17 07 09 10 13 17

PLANTAE

Charophyta Charophyceae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Chara  sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lamprothamnium sp. 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ANIMALIA

Branchiopoda

Anostraca Branchipodidae

Parartemia  spp. 0 2 17 0 100 155 35 28 4 100 177 42 100 0 2 100 25 2 0 156 25 0 51 301 46 41 10 28 25 422 35 37 1

Ostracoda

red eggs 27 0 0 0 0 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w hite eggs 0 0 0 0 0 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Copepoda Cyclopidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Meridiecyclops baylyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0

Taxa richness 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Abundance (per 100g sed.) 27 2 17 2 100 207 35 28 4 100 177 42 100 1 2 100 50 3 1 156 25 25 51 301 46 41 10 28 25 422 35 37 1

CM1 CM2 CM3 CM7CM6CM5CM4
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Appendix 3. Lake Cowan sediment quality, 2005 to 2019. 

Table A3-1. Salt crust thickness and sediment analyte concentrations at each Lake Cowan playa site, compared to available ANZG (2018) SQGVs (exceedances highlighted in 
grey), and historic range of concentrations at discharge and control sites (exceedances at discharge highlighted in orange, exceedances at control highlighted in green; n = years 
of historic records available). NB: Sediment quality guidelines may not be appropriate where background levels of minerals in salt lakes are naturally enriched. 

   Discharge  Discharge - 2019 Control  Control - 2019 

Analyte Unit SQVG historic range n CM1 CM2 CM3 CM4 CM5 historic range n CM6 CM7 

Salt crust thickness cm - 0 - 52 14 25+ 7 25+ 2 15 0 13 0 0 

Moisture content % - 7.8 - 38.9 13 23.9 35.0 35.6 22.8 16.1 13.2 - 21.2 10 12.7 17.3 

pH - - 6.6 - 8.4 14 8.3 8.3 8.1 7.5 7.1 6.5 - 8.4 13 6.8 8.4 

EC µS/cm - 10,800 - 203,000 11 41,400 63,700 75,400 49,600 51,200 5,230 - 21,400 10 20,200 31,200 

TDS mg/kg - 42,100 - 658,000 7 140,000 240,000 280,000 180,000 180,000 39,000 - 69,000 5 59,000 99,000 

N-NOx mg/kg - <0.1 - 8.6 10 0.07 0.10 0.09 0.09 0.08 <0.1 - 4.9 9 1.20 0.07 

Total N mg/kg - <20 - 1,140 13 170 1130 740 250 <50 <20 - 483 11 <50 250 

Total P mg/kg - 2 - 716 13 160 160 110 110 64 12 - 110 11 34 88 

As mg/kg 20 2 - 8 13 8.0 21.0 7.3 4.9 8.4 0.5 - 3 11 1.0 3.1 

Cd mg/kg 1.5 <0.05 - 0.6 13 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 12 <0.05 <0.05 

Cr mg/kg 80 1.7 - 218 13 150 140 96 120 200 39 - 220 12 300 120 

Co mg/kg - 3.9 - 20 3 20 26 16 13 12 7 - 14 3 12 17 

Cu mg/kg 65 1 - 75 13 33 45 29 17 17 10 - 37 12 10 32 

Hg mg/kg 0.15 <0.1 4 0.03 0.07 0.03 <0.02 <0.02 <0.1 3 <0.02 <0.02 

Ni mg/kg 21 1.1 - 89 13 53 68 43 39 24 15 - 123 12 52 45 

Pb mg/kg 50 <1 - 10 13 7.4 13.0 5.8 4.1 4.3 2.4 - 5.6 12 2.7 5.5 

Se mg/kg - - 0 0.29 0.50 0.41 0.21 0.54 - 0 0.10 0.37 

Zn mg/kg 200 1.9 - 49.4 13 42 89 44 33 22 9 - 11 12 19 76 

CO3 mg/kg - <10 2 <10 <10 <10 <10 <10 <10 2 <10 <10 

Ca mg/kg - 12,900 - 97,000 3 24,000 51,000 72,000 18,000 14,000 2,540 - 3,830 3 3,800 3,700 

Cl mg/kg - 15,900 - 569,000 12 70,000 120,000 140,000 92,000 94,000 13,700 - 44,800 12 35,000 57,000 

HCO3 mg/kg - 4 - 253 3 67 90 63 37 24 3 - 250 3 12 130 

Mg mg/kg - 13,000 - 29,000 3 20,000 19,000 16,000 16,000 6,900 8,950 - 19,100 3 9,100 18,000 

Na mg/kg - 12,600 - 330,000 3 42,000 74,000 89,000 58,000 51,000 18,000 - 23,100 3 19,000 31,000 

S-SO4 mg/kg - 170 - 230,000 12 13,000 57,000 190,000 45,000 21,000 440 - 28,000 12 4,900 6,900 
 


