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EXECUTIVE SUMMARY 
 
Pantoro South Pty Limited (PNRS), operators of the Norseman Gold Project (NGP), are planning to develop 
the Scotia deposit, located on the western side of Lake Dundas, approximately 30 km south of the 
Norseman town site in the Goldfields region of Western Australia. The Scotia deposit has been mined 
open cut and underground periodically since the 1890's, with two main pits still present on the site. The 
development of the Scotia deposit will require the dewatering of the two pits to facilitate gold mining. 
PNRS are planning to dispose of this water into a small salt lake playa basin which drains to the greater 
Lake Dundas. Lake Dundas is a salt lake, a common feature of the Goldfields landscape, which are defined 
as temporary water bodies with a surface water salinity of 3 g/L or greater. Dewatering is predicted to 
occur at a rate of 10 – 30 L per second, over a period of approximately 12 months, with a total mine life 
of three years. Some additional discharge may be required after the initial pit dewatering to manage 
groundwater inflow. Modelling indicates that the small basin drains in a north-east direction through a 
500 m channel into the north basin of Lake Dundas. 
 
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 management of the mine water from the Scotia deposit. 
To support the FS, a baseline aquatic biota assessment was conducted, which characterised the current 
condition of Lake Dundas aquatic ecological values in the vicinity of the proposed discharge and 
considered any potential impacts to these values that may arise from the proposed discharge operations. 
Ecological values in Lake Dundas included water and sediment quality, and aquatic biota, which included 
resting stage cysts and propagules, and diatoms (single-celled algae) present in lake sediment.  
 
Eight sites were sampled on the Lake Dundas playa in July 2020, to gather data on background water and 
sediment analyte concentrations and the current condition of aquatic biota diversity and abundance. 
Water was only present at three of the eight sites at the time of sampling; at a large area of inundation 
covering a salt crust on the eastern side of the north basin (captured by sampling sites LDP5 and LDP6), 
and in a small channel 5 km to the north of this area of inundation (sampling site LDP7). The small basin 
and sampling sites on the west side of north basin were dry.  
 
The current ecological condition of Lake Dundas north basin, including water and sediment chemistry, 
and aquatic biota community characteristics, was comparable to past conditions documented for Lake 
Dundas and other nearby salt lakes (i.e. Lake Cowan and Lake Lefroy). Lake Dundas north basin water was 
neutral to slightly alkaline in pH, with elevated salinity and was classified as hypersaline. Sediments in the 
small basin/west side of north basin were characterised by slightly acidic pH, and lower EC and moisture 
content, compared to the eastern side of the north basin.  
 
Two aquatic biota resting stage taxa were recorded from the Lake Dundas sampling sites in July 2020; the 
antheridia of Chara charophyte algae and cysts of Parartemia brine shrimp. Both taxa were recorded 
within the small basin and in the greater Lake Dundas north basin. Abundance was low in the small basin 
compared to north basin sites LDP5 and LDP6, where productivity appeared to be high, likely supported 
by the persistence of water in this area. No aquatic biota species recorded in July 2020, nor any aquatic 
biota recorded during previous surveys, are currently listed on the DBCA Threatened and Priority Fauna 
Rankings. However, this may be a reflection of the lack of survey effort and opportunities to sample the 
lake in natural flood conditions. 
 
Seven diatom species were recorded from Lake Dundas sediment samples collected in July 2020. Diatom 
diversity and abundance was notably higher among the small basin/west side north basin sites compared 
to the east side of north basin. This variation may be related to the higher proportion of mud and greater 
sediment moisture content at the east side sites; conditions that have been associated with lower diatom 
abundance. All seven diatom species recorded in this survey have been collected elsewhere in the 
Goldfields region. However, only two samples were collected inside the small basin. An increased 
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sampling effort with more replication, and sampling conducted during natural inundation, may yield 
greater diversity.  
 
Analysis of pit water chemistry of the water to be discharged from the residual Scotia pits indicated several 
analytes were elevated in comparison to a.) the Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality (ANZG) default guideline values (DGV) for the protection of aquatic species in 
marine systems (ANZG 2018), and b.) background levels in Lake Dundas surface water. Nickel exceeded 
the 99% DGV, cadmium and cobalt exceeded the 95% DGV, and lead, zinc and copper exceeded the 80% 
DGV. These metals were also elevated in comparison to levels in Lake Dundas surface waters. Discharge 
of pit water to the small basin could potentially expose aquatic biota to metal toxins, however, high 
salinity, water hardness and sediment characteristics may limit the bioavailability and uptake of heavy 
metals by aquatic biota. The release of hypersaline pit water may also cause a salt crust to form, which 
may result in the decline of aquatic biota diversity and abundance in the small basin. However, the small 
basin does not appear to support a distinct aquatic biota assemblage, in the context of the greater Lake 
Dundas north basin and other salt lakes in the Goldfields region (e.g. Lake Cowan and Lake Lefroy). Table 
E1 summarises the potential risk to ecological values at each location on Lake Dundas, in relation to 
dewatering discharge from Scotia pits. 
 
Overall, dewatering discharge operations pose a moderate risk to the receiving environment within the 
small basin, and a low risk to the greater Lake Dundas ecosystem. Based on the current study, the small 
basin does not appear to support a distinct aquatic biota assemblage, in the context of the greater Lake 
Dundas ecosystem and other Goldfields salt lakes. The small basin has been subject to previous 
disturbances, thought to have occurred approximately 20 - 30 years ago, including the water supply 
trenches and possible dewatering via the pipeline extant on the playa. Therefore, the small basin is not a 
pristine environment and, based on the results of this assessment, is likely be of “low” ecological 
significance. Declines in aquatic biota diversity and abundance may occur with the potential formation of 
a salt crust and increases in concentrations of dissolved metals in surface water and sediment within the 
dewatering discharge extent. The potential for adverse effects to aquatic biota is likely to decline with 
increasing distance from the discharge point. As Scotia discharge and mine life are anticipated to be short 
in duration, the exposure time of ecological values to the identified hazards will be limited, and recovery 
to baseline conditions may occur following the cessation of dewatering and the resumption of the natural 
hydrocycle.  
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Table E1. Summary of potential impacts and associated risk to ecological values at each location on Lake Dundas, in relation to dewatering discharge from Scotia Deposit. 

Location 
Ecological 

values 
Potential impacts Risk Risk justification / knowledge gaps 

Small basin (LDP1 & 

LDP2) 

Within dewatering 

discharge footprint. 

 

No conservation 

significant aquatic 

biota detected. 

Relatively high 

diversity & 

abundance of 

diatom taxa. 

Relatively low 

diversity & 

abundance of 

aquatic biota 

resting stage 

taxa.  

Increased salt load & 

salt crust formation. 
Moderate 

Salt crust formation has occurred with dewatering discharge operations on other lakes, and 

has been associated with declines in diatom abundance (Stantec 2018, WRM & Biota 

2020). The short duration of discharge and low discharge volumes may limit the thickness 

of the crust formation, which would likely dissolve upon the next major flood event. 

Localised declines in biota diversity and abundance are unlikely to be of significance to 

greater Lake Dundas. Declines may also be temporary, and biota may recover over time 

following the cessation of dewatering operations and dissolution of the salt crust with rainfall. 

Water & sediment 

quality changes, e.g. 

increased metals 

concentrations. 

Moderate 

Water quality and sediment quality changes have occurred with dewatering discharge 

operations on other lakes (Gregory 2008, Stantec 2018, WRM & Biota 2020). However, it 

is unknown whether these changes have had adverse effects on aquatic biota in Goldfields 

salt lakes. International evidence indicates heavy metals may affect emergence from resting 

stages. Brine shrimp feed by stirring up sediments and filtering out the organic matter, which 

may leave them susceptible to the ingestion of heavy metals. Waterbirds are known to 

migrate to Goldfields salt lakes following inundation, and likely feed on the emergent brine 

shrimp (Campagna 2007). There is potential for trophic transfer of heavy metals through the 

brine shrimp – waterbird food chain, though productivity of brine shrimp within the small 

basin appears to be low, which may limit update by waterbirds. 

Scotia pit water contains elevated concentrations of dissolved metals above ANZG (2018) 

DVGs, including Cd, Co, Cu, Ni, Pb and Zn. Elevated levels of Pb are of highest toxicity 

concern, though the bioavailability may be low at high salinity and water hardness.  

Risk level has been set at moderate, due elevated toxic metals in the Scotia pit water, and 

gaps in knowledge about bioavailability and potential for long-term harmful effects (e.g. 

adverse sediment quality).  

Localised declines in biota diversity and abundance are unlikely to be of significance to 

greater Lake Dundas. Declines may also be temporary, and biota may recover over time 

following the cessation of dewatering operations. 
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Location 
Ecological 

values 
Potential impacts Risk Risk justification / knowledge gaps 

Alterations to 

hydrocycle. 
Moderate 

Extended periods of inundation may adversely affect biota that require a period of 

desiccation for emergence, and may affect sediment cyst replenishment. The risk level 

dependant on duration of dewatering discharge, the majority of which is predicted to occur 

within a 12 month period. The predicted duration is shorter, and the flow rates and volume 

lower, in comparison to discharge operations that have occurred to other salt lakes. 

Therefore, the risk level has been deemed moderate for the biota present in the small basin. 

Localised declines in biota diversity and abundance are unlikely to be of significance to 

greater Lake Dundas. Declines may also be temporary, and biota may recover over time 

following the cessation of dewatering operations. 

Erosion of lake 

sediments and 

increased TSS/turbidity. 

Low 

Turbidity may affect the survival of aquatic biota through smothering (hampering 

photosynthesis and feeding functions). Risk level is dependent on discharge point design, 

where erosion control measures can be implemented (i.e. construction of gabion and/or 

sediment ponds). 

West side north basin 

(LDP3 in channel, 

LDP4) 

Mixing zone – high 

potential interaction of 

discharge and natural 

lake water in flood 

events. 

No conservation 

significant aquatic 

biota detected. 

Relatively high 

diversity & 

abundance of 

diatom taxa. 

Relatively low 

diversity & 

abundance of 

aquatic biota 

resting stage 

taxa. 

Increased salt load & 

salt crust formation. 
Moderate As described above for LDP1 & LDP2. 

Water & sediment 

quality changes, e.g. 

increased metals 

concentrations. 

Moderate As described above for LDP1 & LDP2. 

Alterations to 

hydrocycle. 
Low 

As described above for LDP1 & LDP2, however, greater infiltration/evaporation with 

increasing distance from the discharge point may limit the surface extent and persistence 

of discharge in this area.  

Erosion of lake 

sediments and 

increased TSS/turbidity. 

Low 
Risk level dependant on discharge point design, however, this location is likely far enough 

away from the discharge point that flow will likely be low enough to not cause erosion. 
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Location 
Ecological 

values 
Potential impacts Risk Risk justification / knowledge gaps 

North basin inundated 

area – east side 

(LDP5 & LDP6) 

The “low point” of the 

north basin, which 

modelling indicates 

would drain water 

from the small basin - 

potential interaction of 

discharge and natural 

lake water. 

No conservation 

significant aquatic 

biota detected. 

Relatively low 

diversity & 

abundance of 

diatom taxa. 

Relatively high 

diversity & 

abundance of 

aquatic biota 

resting stage 

taxa. 

Increased salt load & 

salt crust formation. 
Low A salt crust of at least 1 cm thickness naturally exists in this area. 

Water & sediment 

quality changes, e.g. 

increased metals 

concentrations. 

Low 

Modelling indicates that discharge water may pool in this area. However, a large body of 

water appears to persist in this area, which may mix with and dilute the concentrations of 

metal toxins in discharge water. No brine shrimp were visually observed in the natural lake 

water in July 2020, and likely only emerge under specific environmental conditions 

generated by flood events. 

If Lake Dundas were to fill, from which climate records indicate would likely require at least 

a 1 in 15 year flood event, discharge water would mix with flood water in this area. The 

dilution factor would likely be high, ameliorating toxicity of elevated metals concentrations 

in the discharged pit water. 

Alterations to 

hydrocycle. 
Low 

Water naturally persists for at least part of the year in this area. Additional water received 

from discharge over a 12-month period is unlikely to alter the hydrocycle of the lake in this 

particular location. 

Erosion of lake 

sediments and 

increased TSS/turbidity. 

Low 
This location is likely far enough away from the discharge point that flow will likely be low 

enough to not cause erosion. 

North-eastern side of 

north basin (LDP7 & 

LDP8) 

Outside/upstream of 

dewatering discharge 

footprint (“control” 

sites). 

No conservation 

significant aquatic 

biota detected. 

Relatively low 

diversity & 

abundance of 

diatom taxa. 

Relatively low 

diversity & 

abundance of 

aquatic biota 

resting stage 

taxa. 

No impacts anticipated NA 

Sites are located outside and upstream of the small basin and natural area of inundation. 

In a flood event, drainage would flow north to south, thus dewatering discharge would be 

unlikely to reach this area. 
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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 Scotia deposit, located on the western side of Lake Dundas, 30 km south of the Norseman town site 
in the Goldfields region of Western Australia (Figure 1 and Figure 2). The Scotia deposit has been mined 
open cut and underground periodically since the 1890's, with two main pits and several waste rock dumps 
still present on the site (Minedat.org 2018). The development of the Scotia deposit will require dewatering 
from two pits to facilitate gold mining. PNRS are planning to utilise an existing 3 km pipeline which runs 
north-west between the Scotia site and a small ephemeral playa basin adjacent to Lake Dundas to 
discharge this water. The discharge outlet location will be towards the middle of the playa lake where the 
existing pipeline is located, away from the basin shoreline. The predicted discharge rate is 10 – 30 L per 
second, over a period of approximately 12 months, with a total mine life of three years. Some additional 
discharge may be required after the initial pit dewatering to manage groundwater inflow. Modelling 
indicates that the small basin drains in a north-east direction through a 500 m channel into the north basin 
of Lake Dundas, pooling towards the east side of the north basin (Figure 3). 
 
Lake Dundas is a large, ephemeral salt lake that only holds shallow water for short periods following 
intense rainfall events associated with winter rainfall and post-cyclonic activity. Following inundation, the 
onset of the drying phase is relatively rapid due to high evaporation rates and surface water may only last 
for a few months (Timms et al. 2006). Patterns of drainage are internal (endorheic), associated with closed 
systems (Williams 1998).  
 
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 management of the mine water from the Scotia deposit. 
To support the FS, a baseline aquatic biota assessment was conducted. This assessment report includes a 
desktop review of literature and existing knowledge of the aquatic ecosystem of Lake Dundas with 
consideration to the survey area, local and regional context. Baseline data collected in July 2020 on the 
current condition of the ecological values of Lake Dundas are also presented, including water and 
sediment quality and aquatic biota, that have the potential to be affected by Scotia discharge. PNRS also 
provided recent water quality data for the Scotia pit, which have been used in a hazard analysis for 
potential impacts to these ecological values from discharge.  
 

1.2 Scope 
 
The scope of the works for the Scotia Deposit: Lake Dundas 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 lake 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 
Dundas, and discussing aquatic fauna previously recorded at Lake Dundas, and their conservation 
significance; 

iv. Conducting a hazard analysis for future dewatering water discharge by comparing pit water 
quality against ANZG default guideline values and current lake surface water quality; and 

v. 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 map of the PNRS - NGP area. 
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Figure 2. Map of the PNRS Scotia project area and the northern basin of Lake Dundas, with 2020 playa sampling site 
locations indicated. The locations of sites sampled in 2013 by WRM for Panoramic Resources are also indicated.
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Figure 3. Modelled flowpath from the Scotia discharge point to Lake Dundas (GRM 2020) 
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2 SURVEY METHODS 
 

2.1 Study area & climate description 
 
The receiving environment for the proposed dewatering of the Scotia pits is Lake Dundas (Figure 1 and 
Figure 2). Lake Dundas is a large salt lake, with a surface area of approximately 280 km2, and a catchment 
area of about 3,564 km2. It is located in the Goldfields-Esperance regional administrative division of 
Western Australia, and the Coolgardie Interim Biogeographic Regionalisation for Australia (IBRA) region. 
Lake Dundas is characterised by open playa in the northern basin, which is approximately 10 km long and 
2.7 km wide, and drains north to south. The small basin proposed as the receiving area for dewatering 
discharge is located at the south-western corner of the northern basin (Figure 2). It is approximately 0.59 
km2 in area, 0.21 % of the total area of Lake Dundas, and drains in a north-east direction through a narrow 
(~80 m wide by 500 m long) channel into the north basin. The north basin discharges in a south-easterly 
direction into the main lake body. The main body is approximately 40 km long and 14 km wide, and 
features dozens of small, low-lying, sparsely vegetated islands.  
 
Mining tenements held by PNRS and several other mining companies, and parcels of unallocated crown 

land border and intersect most of Lake Dundas. The eastern side of the main lake basin is bordered by the 

Dundas Nature Reserve, managed by the state government Department of Biodiversity, Conservation and 

Attractions (DBCA; see Figure 1).  

 

Gold mining has taken place in the vicinity of Lake Dundas since the late 1800’s (Minedat.org 2018). Small-

scale disturbance to riparian vegetation, lake margins, and the surface of Lake Dundas have occurred due 

to these historical mining operations (WRM 2013). Two 3 m wide trenches, approximately 2-3 m deep 

and totalling around 550m in length, have been previously excavated on the playa of the small basin 

where PNRS are planning to discharge the Scotia pit/underground water (Plate 1). A 110 mm diameter 

high-density polyethylene pipeline also remains in the small basin from historic operations, which may 

have been used previously as a discharge pipeline (GRM 2020). 

 

 

Plate 1. One of the historic water harvesting trenches on the playa of the small basin, at the approximate proposed 
dewatering discharge location for Scotia deposit. 
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Approximately 9.5 km to the north of Scotia deposit, environmental and hydrogeological assessments for 

the development of the Mt Henry Mine open pits were undertaken in 2015, and a trench was also 

excavated on the edge of Lake Dundas for water supply (Groundwater Development Services (GDS) 2015, 

actis Environmental Services 2016, Metals X 2016). No  dewatering discharge to Lake Dundas has occurred 

in recent years from the Mt Henry project. 

 
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.  
 
A high degree of variation 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 an acidic pH, 
high salinity and sodium-chloride ionic dominance (Gregory 2008, Outback Ecology 2009). Within a lake, 
wide variation in water quality can 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). Previous studies 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 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 Dundas, and nearby Lake Cowan, 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 

 
The climate of the region is semi-arid, with a mean annual rainfall of 294 mm (Figure 4). For the 2000 – 
2019 record period, the highest mean rainfall month has been January (mid-summer, 36.5 mm on 
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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 4). Evaporation far exceeds rainfall and is estimated at approximately 1,962 mm per year 
(GRM 2020). 
 

 
Figure 4. 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. 

 
2.1.3 Lake Dundas surface water 

Lake Dundas has an irregular flooding regime, related to the semi-arid climate of the region. Most of the 
Lake Dundas playa surface only holds shallow water for short periods following significant rainfall events 
associated with ex-tropical lows over the summer-autumn months. At the time of the July 2020 baseline 
survey, no significant rainfall had been received, although there had been several minor rainfall events in 
the month prior to the survey (0.2 – 2.8 mm daily total occurring on six days). However, a large area of 
inundation was present during the July 2020 field study, at sites LDP5 and LDP6, without a significant 
rainfall event having occurred in the preceding weeks or months (see Figure 4; Plate 2 for photographs). 
The water was approximately 15-12 cm deep, at least 300 m wide (east to west) and 1.5 km long (north 
to south), though the extent of inundation was difficult to estimate due to the reflectiveness of the flat 
playa surface. The water was pooled on top of a salt crust estimated to be at least 1 cm1 in thickness 
(walking on the crust did not cause it to break), being thin closer to the shoreline, and thickening as 
distance from the shore increased. Areas that were not inundated had no salt crust, though a thin covering 
of scattered salt crystals were apparent along the shoreline, within 5 m of the water’s edge. The high 

 
1 Salt crust thickness was not quantitatively measured in the July 2020 survey. 
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salinity level of this water (measured as electrical conductivity; see Section 4.1) would reduce the 
evaporation rate, allowing it to remain on the salt crust for extended periods following flooding. This salt 
crust has likely formed from the natural pooling of water in this area of the lake. 
 

 

 

 

Plate 2. Water in Lake Dundas at LDP5 (top, view looking west/south-west); close-up of the salt crust at LDP5 
(middle, view looking north); and water at LDP6 (middle, view looking west/south-west towards LDP4). 

 
Water was also present at LDP7 in a narrow channel, approximately 1 m wide, located about 200 m from 
the eastern shoreline (Plate 3). The channel, which appeared to be a natural feature, was estimated to be 
approximately 250 m long, however, the extent was difficult to estimate due to the reflectiveness of the 
flat playa surface. No salt crust was present on the inundated sediment. This water likely drained into the 
lake from recent small (i.e. < 5 mm) rainfall events, as no water was observed at this site in November 
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2019 (BC, pers. obs.). Interestingly, a thin salt crust was present in this area during the November 2019 
site visit, that was no longer present in July 2020, and may have been dissolved by rainfall.  
 

 
Plate 3. Water in Lake Dundas; the narrow (~1 m wide) channel at LDP7 (looking north towards the causeway). 

 
 

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 Dundas 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 Dundas:  

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 Dundas 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). 

 
 

2.3 Sites and sampling design 
 
The Lake Dundas aquatic biota baseline assessment was conducted on the 15th July 2020. The sampling 
design targeted eight playa sites for sediment quality, water quality (if present), and aquatic biota resting 
stages, grouped into four locations based on distance from the proposed discharge point (Figure 2 and 
Table 1):  

1. Two within the small basin proposed to receive the dewatering discharge (LDP1 & LDP2); 
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2. Two on the west side of the north basin of Lake Dundas that may be located within the dewatering 
discharge extent, one in the mouth of the channel between the small basin and the Lake Dundas 
north basin (LDP3), and one approximately 400 m east of the channel mouth (LDP4); 

3. Two on the east side of the north basin, opposite the channel mouth, on the edge of an area of 
natural inundation that may mix with dewatering discharge in flood conditions (LDP5 & LDP6); 
and 

4. Two on the east side of the north basin, approximately 3 to 5 km north of the area of natural 
inundation, up-catchment from the natural inundation area and unlikely to directly or indirectly 
receive dewatering discharge (LDP7 & LDP8, “control” sites). 

 

Table 1. Playa sites sampled on Lake Dundas for the Scotia deposit aquatic biota baseline survey. LDP = Lake Dundas 
Playa; see Figure 2 for site map.  

Type Site Zone Easting Northing Location description 

Playa 

LDP1 51 H 385285 6409301 
Within the small proposed discharge basin, closest to the 
existing trenches. 

LDP2 51 H 385342 6409820 Within the small proposed discharge basin, middle. 

LDP3 51 H 385400 6410630 
In the channel that connects the small basin to Lake Dundas 
north basin. 

LDP4 51 H 385891 6410516 Lake Dundas north basin, approximately 400 m east of LDP3. 

LDP5 51 H 387397 6411952 
Lake Dundas north basin, eastern side, 2.6 km north-east of 
LDP4. Nearest the ‘low spot’ of the north basin.  

LDP6 51 H 387575 6411458 
Lake Dundas north basin, eastern side, 1.7 km north-east of 
LDP4. 

LDP7 51 H 388995 6417166 Lake Dundas north basin, eastern side, 5.5 km north of LDP5. 

LDP8 51 H 388153 6415168 
Lake Dundas north basin, eastern side, 3.25 km north of 
LDP5. 

 
Specific rationale and methodology for each component is detailed below. 
 
2.3.1 Water quality 

 
Changes in water quality affect aquatic biota, with adverse conditions often leading to reduced species 
diversity (Ghetti and Ravera 1994). Through consistent monitoring of water quality, contaminants 
associated with activities such as dewatering discharge can be readily detected, by assessing fluctuations 
outside the typical range (Meybeck et al. 1992). 
 
At each site where natural surface water2  was present at the time of sampling, a number of water quality 
variables were recorded in situ using portable WTW field meters, including pH, electrical conductivity 
(μS/cm) and water temperature (°C). Water samples were collected from each site and submitted for 
laboratory analyses of dissolved metal, ion, and nutrient concentrations (analytes listed in Table 2 below). 
Samples for metals and nutrients were filtered through 0.45 µm millipore nitrocellulose filters in the field 
and then frozen (nutrients) or kept chilled (ions and metals). All laboratory analyses were conducted by 
the ChemCentre, Bentley, WA (a NATA accredited laboratory). 
 
Water quality data in environmental assessments are typically compared against the Australian and New 
Zealand Guidelines for Fresh and Marine Water Quality water quality default guideline values (DGVs; 
ANZG 20183; Appendix 2). As most of the Lake Dundas playa environment appears to be undisturbed by 
anthropogenic activities, but are naturally saline, data were compared against the default guideline values 

 
2 Water pooling on the playa surface as a result of rainfall, as opposed to the water present in the excavated trench, 
which may be groundwater-fed. Water quality in the trench was not sampled by WRM in July 2020.  
3 ANZG (2018) references Australian and New Zealand Environment and Conservation Council & Agriculture and 
Resource Management Council of Australia and New Zealand (ANZECC/ARMCANZ 2000) guidelines where DGVs for 
analytes have not changed. 
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for inshore marine ecosystems at 95% species richness protection. Previous environmental assessments 
of Goldfields salt lakes have applied the DGVs for marine systems, due to the saline nature of the lakes 
(e.g. Gregory 2008, Stantec 2018). However, these guidelines are based on either marine or freshwater 
systems and are often not indicative of the processes in inland salt lakes (which have rich mineral deposits) 
and the development and application of site-specific guideline values is recommended (Smith et al. 2004, 
Outback Ecology 2009).  
 
Table 2. Water and sediment quality analytes measured. 

Water quality: Sediment quality: 

In situ measurements Nutrients 

pH (in situ) Nitrate and Nitrite (N-NOx) 

Electrical Conductivity (µs/cm in situ) (EC) Total Nitrogen (Total N) 

Water Temperature (ºC in situ) Total Phosphorous (Total P) 

  

Nutrients Dissolved Metals 

Nitrate and Nitrite (N-NOx) Arsenic (As) 

Total Nitrogen (Total N) Cadmium (Cd) 

Total Phosphorous (Total P) Chromium (Cr) 

 Cobalt (Co) 

Dissolved Metals Copper (Cu) 

Antimony (Sb) Lead (Pb) 

Arsenic (As) Mercury (Hg) 

Cadmium (Cd) Nickel (Ni) 

Chromium (Cr) Selenium (Se) 

Cobalt (Co) Zinc (Zn) 

Copper (Cu)  

Manganese (Mn) Ions 

Mercury (Hg) Bicarbonate (HCO3) 

Nickel (Ni) Carbonate (CO3) 

Selenium (Se) Calcium (Cl) 

Zinc (Zn) Magnesium (Mg) 

 Sodium (Na) 

Ions Chloride (Cl) 

Bicarbonate (HCO3) Sulphate (SO4) 

Carbonate (CO3)  

Calcium (Cl) Other 

Magnesium (Mg) Moisture content (%) 

Sodium (Na) Total Dissolved Solids (TDS) 

Chloride (Cl) pH 

Sulphate (SO4) Electrical Conductivity (µs/cm) (EC) 

  

Other  

Total Dissolved Solids (TDS)  

  

 
 
2.3.2 Sediment quality 

 
Sediment is an important component of lake ecosystems, supporting a wide range of organisms (Pulford 
and 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 and Murphy 2007), with chemical analysis a common tool, often used in conjunction with 
biological monitoring (Connell 2005). 
 
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 
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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.  
 
2.3.3 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). Diatoms are the only biota present during 
all stages of a salt lake hydrocycle, and are biological indicators of sediment chemistry change (Gregory 
2008) 
 
A core of sediment was taken at each of the playa sites to document the presence and diversity of 
microalgae diatoms at Lake Dundas. 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. The samples were then frozen until laboratory analyses was 
carried out to preserve diatom frustules. Samples were forwarded to Prof Jacob John4 (Diatom Section 
WA Herbarium, DBCA) 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 (Plate 4). 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 4. Diatom slides prepared by Prof Jacob John. 

 
4Prof 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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2.3.4 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 
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 5). 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). 
 

 

Plate 5. Removing the top layer of sediment for the aquatic biota resting stage sample. 
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2.4 Water quality hazard analysis 
 
The bioavailability and toxicity of potential contaminants in salt lake environments is poorly understood, 
with little published data on metals concentrations available for comparison (Outback Ecology 2009). The 
purpose of the water quality hazard analysis (HA) is to identify analytes in the inundated Scotia pits which 
may pose a risk to the aquatic ecosystem of the receiving environment, Lake Dundas if discharged to the 
lake bed. PNRS provided results from analysis of water samples collected from Scotia pit lakes and the 
trench located on the small basin playa on the 1st April 2020, for assessment against a.) ANZG (2018) DGVs 
for the protection of aquatic species in marine ecosystems (95% level for toxicants), and b.) known analyte 
concentration ranges reported for Lake Dundas surface water. Any analytes in the pit and trench water 
that exceeded these default guidelines were highlighted, and the known mechanisms of toxic or stressor 
effects on aquatic biota were discussed.  
 
  



Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020       

 

25 

3 DESKTOP LITERATURE REVIEW 

3.1 Past aquatic biota surveys of Lake Dundas 
 
3.1.1 Chaplin & John (1999a) 

 
Chaplin & John (1999a) conducted once-off sampling at two inundated playa sites in the Lake Dundas 
catchment in May 1999, on behalf of the Central Norseman Gold Corporation. This sampling event 
occurred after the passage of two ex-tropical lows which delivered over 130 mm of rainfall to the 
Norseman area (Norseman Airport BOM site) during March 1999, enough to result in considerable surface 
runoff and filling of Lake Dundas. One site was located in the main body of Lake Dundas, adjacent to the 
existing Scotia pits (approximately 1.4 km east of the pits, and 4.7 km south of July 2020 sampling site 
LDP6). The other site was located 30 km north in the ‘upstream’ catchment area of Lake Dundas, in the 
Gladstone-Daisy project area. The main body site was highly saline, at 357 g/L, compared to the northern 
catchment site at 61 g/L. 
 
A total of seven aquatic invertebrate species were recorded in May 1999, six from the northern catchment 
site, and five from the main body site, though all specimens from the main body site were dead on 
collection. Four species were common to both sites; the brine shrimp (Anostraca) Parartemia serventyi, 
the seed shrimp (Ostracoda) Australocypris sp. and Diacypris whitei, and the fly larvae (Diptera) 
Ceratopogonidae sp. (biting midge). An additional ostracod species, Diacypris fodiens was recorded from 
the main body only, while one species of Copepoda, Metacyclops sp., and one species of Cladocera, 
Daphniopsis pusilla were only recorded from the northern catchment site. None of the species recorded 
from Lake Dundas in 1999 are currently listed on the DBCA Threatened and Priority Fauna Rankings (DBCA 
2019b). 
 
Diatom species diversity was low at Lake Dundas, with only two species, Navicula aff. durrenbergiana and 
Amphora coffeaeoformis recorded from the northern catchment site. Cyanobacteria Schizothrix 
dominated the benthic sediment at both sites. Chaplin & John (1999a) suggested factors influencing the 
low diversity of diatoms in Lake Dundas were likely hypersalinity, a nutrient-poor catchment (low 
phosphorus and nitrogen), high temperatures over summer months, and evaporation rates that exceed 
precipitation several-fold. 
 
3.1.2 Wetland Research & Management (2013) 

 
Following inundation of Lake Dundas during late January 2013, WRM sampled surface waters of Lake 
Dundas in February 2013, on behalf of Panoramic Resources for environmental assessments relating to 
the Mt Henry Gold Mine project. Only four sites held water in February 2013, two sites north of the 
causeway (LDNC) and two sites within the northern basin (LDNB) of Lake Dundas (Figure 2). Distinct 
differences in the nature of waterbodies between these two areas were noted, with the extent of surface 
water at LDNB at least three times the size of the pool at LDNC. LDNC substrate comprised mainly 
clay/mud with dense benthic microbial communities (BMCs) and sparse charophyte populations, while 
LDNB substrate comprised a thick salt crust which had encapsulated the clay/mud sediment beneath, and 
no BMCs or charophyte populations were observed. The salinity levels at LDNC (56 – 59 g/L) were similar 
to the level reported by Chaplin & John (1999) for their northern catchment site (61 g/L), while salinity at 
LDNB (301-302 g/L) was nearly as high as the 1999 main body site (357 g/L). 
 
Most taxa recorded from Lake Dundas in 2013 were considered tolerant of a wide range of environmental 
conditions and are halophile (saline-tolerant) species frequently encountered in salt lake systems within 
Western Australia. Species recorded from the LDNB sites included the ostracod species Australocypris 
bennetti, and two species of anostracans; P. serventyi and Parartemia veronicae. None of these species 
are currently listed on the DBCA Threatened and Priority Fauna Rankings. These species are known to 
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occur in highly saline lakes (i.e. up to 262 g/L for P. serventyi, up to 225 g/L for P. veronicae, and up to 240 
for A. bennetti; Halse & McRae 2004, Timms 2012). 
 
Seven additional taxa were recorded from the LDNC sites, including another ostracod (Diacypris sp.), a 
copepod (Meridiecyclops baylyi), and five ‘temporary resident’ larval insect taxa; Berosus sp. (beetle 
larvae), Ceratopogoninae sp., Dolichopodidae sp. (long-legged fly larvae), and the non-biting midge larvae 
Procladius paludicola and Tanytarsus barbitarsis. These taxa were likely unable to survive in the highly 
saline waters of LDNB, but were capable of tolerating the lower salinity at LDNC, and likely colonised the 
waterbody via adult aerial life stages. 
 

3.2 Ecological assessments of Goldfields salt lakes 
 
Several salt lakes in the Goldfields region have been the subject of previous ecological assessments 
conducted by universities and private industry, however, there have been challenges in determining 
whether disturbances, such as dewatering discharge operations, have had significant adverse effects on 
the ecological values of these lakes. Gregory (2008) was able to discern that sediment cobalt and zinc 
concentrations, and moisture content, negatively influenced diatom community structure (i.e. diversity 
and abundance) across Goldfields salt lakes, and lake sites receiving dewatering discharge recorded 
significantly lower species richness. Water and sediment chemistry, and aquatic biota diversity and 
abundance in two lakes receiving dewatering discharge from gold mining operations, Lake Cowan and 
Lake Lefroy, have been the subject of long-term environmental monitoring. Over 50 ecological studies 
have been conducted on these lakes since the late 1990’s.  
 
Prior to the commencement of dewatering discharge operations in Lakes Cowan and Lefroy, Chaplin & 
John (1999b) compared the environmental conditions and diversity of aquatic biota in the systems 
following a natural widespread flooding event. The salinity of Lake Lefroy was very high (ranging from 200 
- 325 g/L) compared to Lake Cowan (ranging from 3 - 185 g/L), and Lake Lefroy aquatic biota diversity was 
low compared to Lake Cowan. In relation to Lake Dundas, the surface water salinity recorded in the Lake 
Dundas main body/north basin has been comparable to the levels recorded for Lake Lefroy, i.e. 
hypersaline (>300 g/L, see sections 3.1.1 and 3.1.2), and higher than salinities previously recorded at Lake 
Cowan. The diversity of aquatic biota in Lake Dundas appeared to be slightly higher than the diversity 
recorded in the hypersaline sites of Lake Lefroy (Chaplin & John 1999a, 1999b). Chaplin & John (1999b) 
found a significant inverse correlation between diversity and salinity, with high salinity sites showing lower 
taxa richness. The natural flood event in 1999 generated numerous waterbodies within the lake systems 
that featured a range of physical and chemical characteristics, from small freshwater pools, to moderately 
to hypersaline small and large areas of lake inundation. This heterogeneity of conditions across the 
systems contributed to considerable aquatic biota diversity across the study area.  
 
Environmental monitoring has been conducted for Lake Lefroy dewatering discharge operations since 
2004. From their review of this long-term dataset, Stantec (2018) concluded that few differences in the 
naturally depauperate aquatic biota assemblages had been observed between discharge and reference 
sites on the lake. However, the rarity of natural flood events has meant opportunities for the collection 
of reference condition data have been limited, therefore any relationships between the condition of 
aquatic biota communities and the potential impacts of the dewatering discharge have been difficult to 
discern. In general, the conservative consensus from researchers is that dewatering discharge operations 
leading to an increase in surface water salinities and the formation of a thick salt crust, are likely to prevent 
the emergence of aquatic biota during natural flooding, decreasing propagule and egg replenishment 
opportunities (Campagna 2007, Pinder et al. 2005, Timms 2014, Stantec 2018). Over time, this may reduce 
the dormant egg bank in the sediment, and subsequent productivity of aquatic invertebrates, further 
decreasing the ecological value of the lake.  
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Long-term monitoring of Lake Cowan aquatic biota (2005 – 2019) found diatom abundance had declined 
over time within an embayment subjected to dewatering discharge (WRM & Biota 2020). However, 
abundance of diatoms at control sites where no salt crust was present was consistently low over time, 
which made dewatering discharge impacts difficult to separate from natural phenomena. These results 
were derived from limited ‘spot’ sampling, with two diatom samples collected at control sites, and five at 
discharge-affected sites during each monitoring event. Sample replication at each monitoring site would 
have increased the likelihood of discerning dewatering impacts on diatoms, from the naturally 
heterogenous distribution of diatoms on the playa, which 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).  
 

3.3 Regional aquatic biota of conservation significance 
 
A search of the DBCA NatureMap database for records of aquatic biota within 40 km of the Lake Dundas 
study area yielded two records of P. serventyi, and five records of Parartemia sp. resting stage cysts. Both 
records of P. serventyi were collected in 2016 from a small (7 ha) clay pan adjacent to the Lake Cowan 
discharge embayment by environmental consultants Bennelongia, approximately 38 km north of the 
study area. Four of the Parartemia sp. 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. The fifth record of Parartemia sp. was collected from 
Lake Dundas in December 2017 by environmental consultants Stantec. The record indicates 80 resting 
stage cysts were collected from the eastern shore of the lake, approximately 4 km to the east of LDP1. 
 
Only three species of aquatic invertebrate 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 Lake Dundas 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 Lake Dundas north basin.  
 

3.4 Regional wetlands of significance 
 
One wetland of national importance is located in the Coolgardie IBRA region; the Rowles Lagoon system 
(Department of the Environment 2010), situated more than 230 km north/north-west of Lake Dundas in 
the Rowles Lagoon Conservation Park. It is the largest semipermanent, freshwater wetland in the 
subregion (Department of Conservation and Land Management 2000), and following a major inundation 
event, comprises numerous ponds and marshes that provide a range of feeding, breeding and sheltering 
habitat for large numbers of waterbirds. While the region contains no Ramsar wetlands (Department of 
the Environment 2013), up to 41 species of waterbirds, including eight species protected under 
international agreements (JAMBA, CAMBA, ROKAMBA, Bonn Convention, etc.), have been recorded using 
Rowles Lagoon. Lake Cowan, located approximately 30 km to the north of Lake Dundas, is considered to 
be a wetland of subregional importance (Cowan 2001). 
 

3.5 Desktop review summary 
 

Lake Dundas north basin and main body exhibit a hypersaline environment when inundated, with 
reported historic salinity ranges of 301 – 357 g/L, and a circumneutral pH (7.1 – 7.3). Water quality north 
of the causeway is notably less saline at 56-61 g/L, though is still classified as salt lake (surface water 
salinity of 3 g/L or greater; Williams 1998), and is distinctly alkaline (pH 8.6 – 9.2). Aquatic biota species 
that have been recorded from the north basin and main body include brine shrimp Parartemia serventyi 
and P. veronicae, the seed shrimp Australocypris sp./Australocypris bennetti (unknown if the 1999 
Australocypris record was A. bennetti, as this species was only described in 2004), Diacypris fodiens and 
Diacypris whitei (the 2013 Diacypris record was either too immature or damaged for species-level 
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identification), biting midge larvae Ceratopogonidae sp., and the cyanobacteria Schizothrix. None of these 
species are currently listed on the DBCA Threatened and Priority Fauna Rankings. 
 
Searches of the IUCN Red List of Threatened Species (version 2020-2), 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 the Lake 
Dundas north basin. 
 
Previous ecological assessments and long-running monitoring programs conducted in Goldfields salt lakes 
have documented a range of environmental conditions and diversity levels, along with a significant inverse 
correlation between diversity and salinity. Higher sediment moisture content, and cobalt and zinc 
concentrations, have been found to have negative influences on diatom community structure. The 
hypersaline conditions of Lake Dundas north basin waters are comparable to the levels observed in Lake 
Lefroy prior to the commencement of dewatering discharge. Long-term monitoring of the ecological 
conditions of Lake Lefroy and Lake Cowan, including sediment and water quality, and aquatic biota 
abundance and diversity, has been conducted in an effort to determine whether dewatering discharge 
operations have had significant adverse effects on the receiving environment. There is evidence that 
dewatering discharge, through contribution to salt loads and the formation of a salt crust, has led to 
localised declines in diatom abundance at both Lake Lefroy and Lake Cowan in the vicinity of discharge 
points. The naturally heterogenous distribution of biota on the playa, combined with lack of replicate 
sampling at monitoring sites, has made potential impacts difficult to discern when comparing discharge 
to control sites. The rarity of natural flood events has also meant opportunities for the collection of 
reference condition data, particularly for aquatic invertebrates, have been limited.  
   



Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020       

 

29 

4 BASELINE SURVEY RESULTS & DISCUSSION 

 

4.1 Water quality 
 
Naturally-occurring5 surface water was present and sampled at three playa sites, LDP5, LDP6 and LDP7 
during the July 2020 survey (Chem Centre analysis results in Table 3). Lake Dundas surface water quality 
was generally comparable to other salt lakes in the Coolgardie region, as studied by Gregory (2008), and 
analyte levels were generally within or below the ranges recorded for discharge-receiving lakes Cowan & 
Lefroy (Table 3). The pH of water ranged from neutral (7.19, LDP6) to slightly alkaline (8.15, LDP7), and 
the salinity, measured as electrical conductivity (EC), ranged from 136,000 µS/cm (LDP7) to 226,000 µS/cm 
(LDP6). Water at all three sites was classified as hypersaline6.  
 
Natural lakes in this region, unchanged by dewatering discharge, exhibit a slightly acidic pH (average 6.71 
pH, Gregory 2008), while Lake Dundas surface waters were naturally neutral to slightly alkaline in the 
current study, as well as in WRM (2013) and Chaplin & John (1999b). The current pH level is similar to 
discharge-receiving lakes in the Coolgardie region (average 7.65 pH, Gregory 2008), though the pH at LDP7 
and the north of causeway/northern catchment sites in WRM (2013) and Chaplin & John (1999b) were 
high (8.15 – 9.0) in comparison to Gregory (2008), and Lake Cowan and Lake Lefroy (Table 3). The surface 
water salinity recorded in the Lake Dundas north basin during the current survey, and in previous surveys 
(105 – 357 g/L), was comparable to the levels recorded for Lake Lefroy, i.e. hypersaline (>300 g/L), and 
higher than natural levels recorded for nearby Lake Cowan (ranging from 3 - 185 g/L), and discharge-
receiving lakes in the Coolgardie region (average 272 g/L, Gregory 2008), including Lake Cowan discharge 
(maximum 254 g/L). 
 
Spatial differences in ion concentrations were apparent between the large area of inundation at sites 
LDP5 and LDP6, where the sediment was covered by a salt crust, and the long, narrow channel of water 
at LDP7. As expected due to the presence of a salt crust and higher EC, concentrations of most ions, 
including Na, Cl, Ca, HCO3, Mg and SO4, were greater at LDP5 and LDP6, compared to LDP7 (Table 3). The 
ions that showed the greatest difference in concentration between the water bodies were Na and Cl, 
which were 208% and 174% higher, respectively, at the salt crust sites compared to LDP7. Ca and SO4 
concentrations were also approximately 45% higher at LDP5 and LDP6. The differences in Mg and HCO3 
levels between the two waterbodies was between 15 – 20%. The anion and cation composition, or 
sequence, was Cl > SO4 > HCO3 and Na > Mg > Ca for all sites, typical of Coolgardie IBRA region salt lakes 
(Gregory 2008). 
 
Total nitrogen (total N) and total phosphorus (total P) concentrations at all three sites were greater than 
the ANZG (2018) DGVs for inshore marine ecosystems (Table 3). However, 2020 levels (total N range 0.8 
– 1.9 mg/L; total 0.3 mg/L at all sites) were lower than those recorded from Lake Dundas in 2013 (max. 
3.7 mg/L, Table 3), and below or comparable to the levels recorded in other Coolgardie region salt lakes, 
(total N range 0.7 – 25 mg/L; total P range 0.03 – 0.96 mg/L; Gregory 2008). Gregory (2008) found total N 
and total P levels were not significantly different between natural lakes and those receiving dewatering 
discharge. Nutrient concentrations in the surface waters are often higher in salt lakes compared to 
freshwater lakes (Outback Ecology 2009).  
 
 

 
5 Water pooling on the playa surface as a result of rainfall, as opposed to the water present in the excavated trench, 
which may be groundwater-fed. Water quality in the trench was not sampled by WRM in July 2020.  
6 Fresh defined as < 1500 µS/cm, Brackish = 1500 – 4500 µS/cm, Saline = 4500 – 50,000 µS/cm, Hypersaline > 50,000 
µS/cm (DoE 2003).  Classifications were presented as TDS (mg/L) in DoE (2003) so a conversion factor of 0.68 was 
used to convert to conductivity µS/cm as recommended by ANZG (2018). 
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Table 3. Water quality analyte concentrations in Lake Dundas waters, July 2020, compared to available ANZG (2018) DGVs for inshore marine ecosystems at 95% species richness 
protection (exceedances highlighted in grey), and the water quality range recorded in the Lake Cowan discharge embayment (2005 – 2019), and historic concentrations of analytes 
in Lake Dundas (1999 and 2013). 2020 concentrations that were greater than 2013 levels in the north basin are highlighted in orange. All metals were analysed as dissolved metals. 
NP = DGV not provided by ANZG (2018) for marine ecosystems. 

Analyte Unit 
ANZG 
(2018) 
DGV 

Lake Cowan Lake Lefroy 
LD north 

catchment 
LD main 

body 
LDNC LDNB 

Lake Dundas North Basin 
July 2020 

2005-2019 range 2009 - 2017 range 1999 levels 2013 range LDP5 LDP6 LDP7 

Field water temperature Cº NP 19.4 -31.5  -  19.9 16.8 37.4 - 35.7 29.7 - 30.2 8.7 9 19 

Field pH pH 6.5 – 8.0 5.72 - 7.43 1.0 - 7.3 9.0 7.1 8.6 - 9.2 7.2 - 7.3 7.29 7.19 8.15 

Lab Electrical Conductivity (EC) µS/cm NP* 17,860 - 319,000 138,000 - 307,000 - - 8,740 - 9,180 224,00 - 225,00 225,000 226,000 136,000 

Calculated Salinity (Na+Cl) g/L   157 - 254 115 - 343 61 357 56.6 - 59.4 301 - 302 301 299 105 

Total Dissolved Solids (TDS) mg/L - 105,000 - 397,000  -  - - 62,000 - 65,000 320,000 - 330,000 320,000 320,000 120,000 

Nitrate+nitrite (N-NOx) mg/L 0.05 <0.01 - 7.2 0.3 - 0.9 - - 0.29 - 0.48 <0.01 - 0.39 <0.01 <0.01 <0.01 

Total nitrogen (TN) mg/L 0.23 3.1 - 18.6 6.0 - 7.0 - - 1.4 - 1.9 3.5 - 3.7 1.9 0.9 0.8 

Total phosphorus (TP) mg/L 0.02 <0.01 - 6.79  -  - - <0.01 0.01 - 0.04 0.03 0.03 0.03 

Antimony (Sb) mg/L ID <0.005  -  - - - - <0.005 <0.005 <0.002 

Arsenic (As) mg/L ID <0.05  -  - - 0.01 <0.05 <0.05 <0.05 <0.02 

Cadmium (Cd) mg/L 0.006 <0.005 0.002 - - 0.001 <0.005 <0.005 <0.005 <0.002 

Chromium (Cr) mg/L 0.027 <0.01 0.055 - - 0.005 0.0125 <0.01 <0.01 <0.01 

Cobalt (Co) mg/L 0.001 0.01 0.004 - - 0.001 <0.005 <0.005 <0.005 <0.002 

Copper (Cu) mg/L 0.001 <0.005 - 0.138 - - - 0.001 - 0.0026 <0.005 0.0099 <0.005 0.0063 

Manganese (Mn) mg/L NP 1.8 0.106 - 0.301 - - 0.005-  0.006 0.063 - 0.22 0.23 0.22 0.02 

Mercury (Hg) mg/L 0.0004 <0.005 - - - - - <0.005 <0.005 <0.002 

Nickel (Ni) mg/L 0.07 <0.05 - 0.2 0.008 - 0.112 - - 0.01 <0.05 <0.05 <0.05 <0.02 

Selenium (Se) mg/L NP <0.05 - - - 0.01 <0.05 <0.05 <0.05 <0.02 

Zinc (Zn) mg/L 0.015 <0.005 - 0.545 - - - 0.01 - 0.04 <0.05 <0.05 <0.05 <0.05 

Carbonate (CO3) mg/L NP <1 <1 - - 18 - 26 0.5 <1 <1 <1 

Calcium (Ca) mg/L NP 254 289 - 1,000 1,900 840 661 - 718 559 - 575 845 823 574 

Chloride (Cl) mg/L NP* 156,000 - 193,000 68,600 - 198,000 28,000 190,000 36,300 - 36,800 198,000 - 199,000 186,000 185,000 67,600 

Bicarbonate (HCO3) mg/L NP 43 - 180 3.0 - 62 - - 0.5 - 29 163 - 165 35 35 29 

Magnesium (Mg) mg/L NP 29,700 2,470 - 10,800 1,200 11,000 1,630 - 1,830 9,680 - 10,300 4,420 4,420 3,830 

Sodium (Na) mg/L NP 76400 46,900 - 145,000 18,000 120,000 20,300 - 22,600 103,000 115,000 114,000 37,200 

Sulphate (S-SO4) mg/L NP 9,300 - 60,800 4,000 - 19,100 5,400 10,000 3,030 - 3,330 10,900 - 12,100 8,110 7,960 5,560 

*Default guideline values exist for EC and Cl in freshwater ecosystems, but were not considered applicable to salt lake ecosystems such as Lake Dundas. 
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Concentrations of dissolved metals in Lake Dundas waters in July 2020 were generally below the limits of 
laboratory detection (Table 3). The exceptions were Cu, which exceeded the 95% ANZG (2018) DGV of 
0.001 mg/L at LDP5 (0.0099 mg/L) and LDP7 (0.0063 mg/L), and Mn, for which no DGV is provided by 
ANZG (2018), at all three sites. The Cu levels recorded in Lake Dundas were below the maximum 
concentrations recorded for both natural and discharge-affected lakes in the Coolgardie region (Gregory 
2008). Gregory (2008) did not report Mn concentrations for Goldfields salt lakes. Most salt lakes in the 
Goldfields region exhibit naturally high concentrations of metals, and it is considered that the biota these 
lakes support are likely to have higher tolerance limits than the organisms the DGVs are based on 
(Bennelongia 2009, Umwelt 2018), although this is supposition, and has not been objectively tested. 
 

In general, the water quality in February 2013 at LDNB sites (WRM 2013), and in July 2020 at LDP5 and 
LDP6 sites were similar, even though samples were collected from different locations and at different 
times of the year. EC, TDS, pH and total P levels were near-identical, and most metals were below the 
limit of detection. The largest water quality changes from 2013 to 2020 in the north basin occurred in the 
average concentrations of; 

• Cu (148% increase), 

• nitrate+nitrite (N-NOx; 97% decrease), 

• HCO3 (79% decrease), 

• total N (61% decrease), 

• Mn (59% increase),  

• Mg (56% decrease),  

• Ca (47% increase), and  

• SO4 (30% decrease). 

 
These changes indicate that surface water chemistry of Lake Dundas varies naturally over time, likely in 
relation to the spatial distribution and intensity of rainfall within the catchment, and the heterogeneity of 
the mineral deposits throughout the catchment which influence analyte concentrations. The surface 
water quality of Lake Dundas is likely influenced by the natural geology and mineral deposits of its 
catchment, which are transported to the lake via catchment flow (Campagna 2007). For example, the 
northern catchment exhibits a naturally alkaline pH in surface water, which is likely the source of the 
higher pH in Lake Dundas in comparison to other Coolgardie region salt lakes (see Table 3). Though historic 
disturbances to Lake Dundas are unquantified, the author considers that the current condition of the lake 
surface water is not indicative of any historic disturbance, due to the large size of the lake compared to 
the relatively small areas that have been disturbed (i.e. the small basin, and a small portion of the playa 
surface adjacent to the Mt Henry mine). Infrequent high-volume catchment flows and subsequent lake 
filling events would also have diluted and likely erased any water quality indicators of historic 
disturbances.  
 
 

4.2 Sediment quality 
 
Sediment was sampled at all eight playa sites during the July 2020 survey (Chem Centre analysis results in 
Table 4). Spatial differences in sediment attributes and chemistry were apparent across Lake Dundas 
(Figure 5 to Figure 8). 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) 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 
lake may explain some of the spatial variation in sediment chemistry across Lake Dundas. Analysis of the 
physical sediment composition was not part of the scope of this survey, however, differences were 
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notable between sites (see photographs in Appendix 1). At LPD5, sediments were a clay consistency, with 
a dark odorous layer over paler clay. Sediments at LDP7 and LDP8 were also high in clay content, which 
was red in colour. The sediment at LDP6 appeared to contain more sand than LDP5 sediments, and was 
similar in consistency to the west side sites, LDP1 to 4. 
 
A salt crust was present underneath the large area of inundation at sites LDP5 and LDP6. Sediments were 
collected approximately 5 m distance from the water’s edge, where only a scattering of salt crystals were 
present on the playa surface. Sediment pH was slightly acidic to circumneutral, ranging from 6.4 inside 
the small basin (LDP1 & LDP2), to 7 on the eastern side of the north basin (LDP5 & LDP7; Table 4 and 
Figure 5). Lake Dundas sediment pH was within the historical range recorded for Lake Cowan control sites 
(Table 4), and comparable to Coolgardie region salt lakes (range 4.0 – 8.1; Gregory 2008). Moisture 
content ranged from 14.6% (LDP3) to 35.2% (LDP5), and was higher along the east side of the north basin 
(average 27.1%), compared to the west side/small basin (average 16.5%). Moisture content of west 
side/small basin sites were within the historical range recorded for Lake Cowan control sites, while east 
side sites had similar moisture content to Lake Cowan discharge embayment sites (2019 max = 35.6%, see 
Appendix 3).The average sediment EC was also higher on the east side (average 37,650 µS/cm) compared 
to the west side sites (24,450 µS/cm), ranging from 21,900 µS/cm at LDP3, to 56,700 µS/cm at LDP5. EC 
of west side/small basin sites were within the historical range recorded for Lake Cowan control sites, while 
east side sites had similar EC to Lake Cowan discharge embayment sites (2019 range = 41,400 – 75,400 
µS/cm, see Appendix 3). These conditions are typical of Coolgardie region salt lakes (Gregory 2008). 
 
Levels of N-NOx in sediment were relatively high in the small basin, compared to the other sites on the 
west side, and most east side sites (Table 4 and Figure 5). The N-NOx level at the northern-most east side 
site LDP7, where a narrow channel of water was present, was also high in comparison to other east side 
sites. Lake Dundas N-NOx levels were within the historic range recorded from Lake Cowan control sites. 
Sediment total P concentrations were higher at the northern-most east side sites LDP7 and LDP8, 
compared to all other sites. Total N concentrations among sites were generally lower on the west side, 
and sites with clay-consistency sediment (LDP5, LDP7 and LDP8) recorded higher concentrations. LDP5 
and LDP7 recorded total N and total P levels, and LDP8 recorded total P levels, in excess of the historic 
range recorded from Lake Cowan control sites (Table 4). Lake Dundas 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 (Appendix 3; Gregory 2008). As for nutrients in surface water, Gregory 
(2008) found sediment concentrations of total N and total P were not significantly different between 
natural lakes and those receiving dewatering discharge. Concentrations of total P in lake sediments are 
influenced by the presence of organic matter and interactions with iron hydroxides, while total N levels 
are governed by a number of processes, such as rewetting of sediments which results in a pulse of 
nutrient, and the presence of nitrogen fixing bacteria (Gregory 2008). 
  
The ANZG (2018) DGV-low for dissolved Ni (21 mg/kg) was exceeded at LDP7 (50 mg/kg) and LDP8 (34 
mg/kg), the two northern-most sites on the east side of Lake Dundas (Table 4 and Figure 6). The DGV-low 
for Cr (80 mg/kg) was also exceeded at LDP7 (90 mg/kg). No sediment metals recorded concentrations in 
excess of GV-high, though the Ni concentration at LDP7 was close (GV-high = 52 mg/kg for Ni). However, 
the Lake Dundas sites north of the causeway recorded higher concentrations of Cr (110 – 160 mg/kg) and 
Ni (58 – 90 mg/kg) in 2013, indicating that the upstream catchment area for Lake Dundas is naturally 
enriched in these metals and is the likely source of elevated concentrations in the north basin (Table 4). 
Elevated concentrations of Cr and Ni have also been recorded previously from Lake Cowan control sites; 
up to 300 mg/kg of Cr and 123 mg/kg of Ni (Table 4). Sediment quality guidelines may not be appropriate 
where background levels of minerals in salt lakes are naturally enriched.  
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Table 4. Sediment analyte concentrations at each Lake Dundas playa site, compared to available ANZG (2018) sediment DGVs (DGV-low exceedances highlighted in grey, DGV-
high exceedances highlighted red), the historic range at Lake Cowan control sites, and 2013 range of concentrations at Lake Dundas north of the causeway (LDNC) and in the north 
basin (LDNB) (values greater than 2013 range at LDNB highlighted in yellow). Average analyte concentrations for sites on the western and eastern sides of the north basin are 
provided. NB: Sediment quality guidelines may not be appropriate where background levels of minerals in salt lakes are naturally enriched. 

    
DGV 
- low 

DGV - 
high 

Lake Cowan 
Control Sites 

LDNC LDNB 
Scotia - Lake Dundas July 2020 

                      West side                                                 East side 
LD 2020 Ave. 

Analyte Unit 2005-19 range 2013 range LDP1 LDP2 LDP3 LDP4 LDP5 LDP6 LDP7 LDP8 West East 

Moisture % - - 13.2 - 21.2 - - 16.8 17.5 14.6 17.2 35.2 24.7 25.1 23.4 16.5 27.1 

pH - - - 6.5 - 8.4 - - 6.4 6.4 6.7 6.7 7 6.8 7 6.7 6.6 6.9 

EC µS/cm - - 5,230 - 31,200 - - 24,800 24,700 21,900 26,400 56,700 28,700 33,400 31,800 24,450 37,650 

TDS mg/kg - - 39,000 - 99,000 - - 77,000 78,000 72,000 90,000 210,000 99,000 100,000 110,000 79,250 129,750 

N-NOx mg/kg - - <0.1 - 4.9 - - 4.7 1.6 <0.05 0.18 <0.25 <0.05 3.8 0.13 2.16 1.97 

Total N mg/kg - - <20 - 483 - - 170 100 60 170 940 90 570 270 125 467.5 

Total P mg/kg - - 12 - 110 - - 91 88 98 97 140 98 270 200 93.5 177 

As mg/kg 20 70 0.5 – 3.1 13 - 17 1.8 - 2.1 4.7 3.1 14 6.5 4.5 4.2 13 9.3 7.1 7.8 

Cd mg/kg 1.5 10 <0.05 <0.05 - 0.10 0.07 - 0.1 <0.05 <0.05 <0.05 <0.05 0.18 <0.05 <0.05 <0.05 <0.05 0.04 

Cr mg/kg 80 370 39 - 300 110 - 160 12 - 18 37 51 59 27 29 21 90 61 43.5 50.3 

Co mg/kg - - 12 - 17 27 - 30 7.5 - 8.2 5 5.1 11 5 7.3 11 15 12 6.5 11.3 

Cu mg/kg 65 270 10 - 32 37 - 50 6.2 - 9.7 12 15 25 9.5 16 17 31 25 15.4 22.3 

Hg mg/kg 0.15 1 <0.1 0.05 - 0.33 0.37 - 0.47 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Ni mg/kg 21 52 15 - 123 58 - 90 6.9 - 11 16 15 17 11 17 13 50 34 14.8 28.5 

Pb mg/kg 50 220 2.4 - 5.6 5.2 - 7.1 2.9 - 4.5 12 11 5.6 4.7 14 6.8 12 9.5 8.3 10.6 

Se mg/kg - - 0.1 – 0.37 0.32 - 0.41 0.1 - 0.13 0.53 0.59 0.46 0.27 0.28 0.12 0.34 0.21 0.46 0.24 

Zn mg/kg 200 410 9 - 11 46 - 67 7.0 - 10 15 17 50 12 18 12 48 35 23.5 28.3 

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

Ca mg/kg - - 2,540 - 3,830 1,200 - 2,900 130,000 560 910 1,200 2,900 17,000 63,000 1,300 1,100 1,393 20,600 

Cl mg/kg - - 13,700 - 57,000 - - 45,000 45,000 38,000 45,000 110,000 48,000 62,000 59,000 43,250 69,750 

HCO3 mg/kg - - 3 - 250 - - 13 12 12 22 36 19 31 17 14.8 25.8 

Mg mg/kg - - 8,950 - 19,100 23,000 - 36,000 6,700 - 8,700 4,400 3,800 6,000 4,700 8,500 5,800 25,000 17,000 4,725 14,075 

Na mg/kg - - 18,000 - 31,000 23,000 - 28,000 56,000 - 58,000 21,000 19,000 16,000 20,000 57,000 24,000 31,000 30,000 19,000 35,500 

S-SO4 mg/kg - - 440 - 28,000 - - 5,700 8,200 9,900 11,000 48,000 170,000 7,900 6,600 8,700 58,125 



Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020   

 

34 

Dissolved metal concentrations inside the small basin/on the west side of north basin were generally 
lower than, or comparable to, east side sites (Table 4 and Figure 6). One exception was concentrations of 
Se, which were greater at LDP1, LDP2 and LDP3 (range 0.46 to 0.59 mg/kg), compared to LDP4 and east 
side sites (all below 0.35 mg/kg). Se concentrations at these sites were also high in comparison to Lake 
Cowan control sites (Table 4), but similar to levels recorded from Lake Cowan discharge embayment sites 
(Appendix 3). Elevated Se in the small basin sediments may be indicative of historical discharge to this 
area. LDP3, located in the small channel between the small basin and the north basin, also recorded higher 
levels of As, Co, Cr, Cu and Zn, compared to the other west side sites (LDP1, LDP2 and LDP4). Most of 
these analyte levels at LDP3 were comparable to Lake Cowan control sites, except for As (14 mg/kg) and 
Zn (50 mg/kg). The maximum As level recorded for natural lake sediments by Gregory (2008) was 11 
mg/kg, while maximum Zn was 88 mg/kg. Elevated As, and potentially elevated Zn at LDP3 may also be 
indicative of historical discharge to this area, and potential differences in sediment composition may 
explain, at least in part, the variation in sorption of metals across the playa surface. The northern-most 
east side sites LDP7 and LDP8 recorded higher levels of As, Co, Cr, Cu, Ni and Zn compared to the southern 
east side sites, LDP5 and LDP6. LDP7 and LDP8 levels were generally comparable to the concentrations 
recorded at LDNC in 2013, further indication that the upstream catchment area for Lake Dundas is the 
source of minerals for the north basin. 
 
The concentrations of major anions and cations in sediment was highly variable across the Lake Dundas 
playa sampling sites (Table 4 and Figure 7). Within the small basin/at the west side sites, concentrations 
of ions were relatively uniform, apart from a slightly higher concentration of HCO3 at LDP4. Levels of Ca 
and SO4 were elevated at LDP6, and to a smaller degree at LDP5, compared to all other sites. 
Concentrations of Cl and Na were highest at LDP5, while other east side sites had comparable levels. LDP7 
and LDP8 recorded higher Mg concentrations, compared to all other sites. The anion and cation 
composition, or dominance sequence, was Cl > SO4 > HCO3 and Na > Mg > Ca for the majority of sites. 
However, LDP6 was unusual, with SO4 and Ca being the dominant anion and cation in sediment. Ca was 
also the second-most dominant cation at LDP5, rather than Mg. This was interesting, as the ionic 
composition in LDP6 water was near-identical to LDP5 water (see Table 3). The most common ionic 
dominance sequence in Goldfields salt lakes, as reported by Gregory (2008), is Cl > SO4 > HCO3 (91% of 
lakes) and Na > Ca > Mg (33% of lakes). 26% of lakes recorded the cation dominance sequence Na > Mg > 
Ca, which has also been recorded for the Lake Cowan control sites. 15% of lakes recorded the sequence 
Ca > Na > Mg, like LDP6. The reason for the marked difference in sediment and water ionic composition 
at LDP6 (and to a lesser degree at LDP5) is unknown, though it would appear that the ionic composition 
in lake water does not necessarily always reflect the composition in lake sediment (or vice-versa). Recent 
small rainfall events, which may have been patchy in distribution, may have influenced the differences in 
ionic composition across the Lake Dundas playa. The ionic composition may become more homogenous 
across the playa after a larger flood event. 
 
The spatial differences in sediment concentrations of nutrients, metals and ions in Lake Dundas are 
considered to be naturally occurring, and typical of Goldfields salt lakes. These variations are likely 
influenced by geological differences in the surrounding catchment, drainage patterns and localised 
sediment particle size composition. 
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 Small basin/western side north basin       Eastern side north basin 

Figure 5. Lake Dundas sediment moisture content, pH, EC and nutrient concentrations, July 2020.  
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 Small basin/western side north basin       Eastern side north basin             DGV-low           DGV-high             

Figure 6. Lake Dundas sediment dissolved metals concentrations, July 2020, compared to DGV-low and DGV-high 
values, where available. 
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 Small basin/western side north basin       Eastern side north basin 

Figure 7. Lake Dundas sediment ion concentrations, July 2020.  

 

 
Figure 8. Lake Dundas sediment anion and cation compositions, July 2020.  
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4.3 Diatoms 
 
Seven diatom species were recorded from Lake Dundas sediment samples collected in July 2020, across 
the eight survey sites (Table 5). The most widespread and abundant species was Navicula aff. incertata, 
which was detected at all eight sites, and was highly abundant among the small basin/west side north 
basin sites. Hantzschia amphioxys was the second most abundant diatom and was present at all small 
basin/west side sites, but was not detected from the east side north basin sites. Both of these species, 
pictured in Plate 6, are known to have broad tolerances to environmental variations, and have been 
commonly recorded in Goldfields salt lakes (Gregory 2008, Stantec 2018, WRM & Biota 2020). Navicula 
aff. incertata is one of the dominant diatom species found in Coolgardie region salt lakes, the other being 
Amphora coffeaeformis, which was not detected at Lake Dundas in July 2020. Navicula sp. 1, recorded at 
LDP1 and LDP2, and Navicula sp. 2, recorded from LDP2, been detected previously at Lake Lefroy (Stantec 
2018). Hantzachia virgata and Pinnularia sp., recorded at LDP3 and LDP4, and Luticola sp., recorded at 
LDP3, have also been recorded during the Lake Lefroy surveys (Stantec 2018).  
 
The abundance and diversity of diatoms in the small basin/west side sites of Lake Dundas was high in 
comparison to the long-term monitoring results from both control and discharge embayment areas of 
Lake Cowan. The reason for this is unclear, though may be related to the position of the sites, the 
surrounding catchment and sediment characteristics and quality. Gregory (2008) found concentrations of 
zinc, moisture content and cobalt in sediments displayed the greatest influence on the diatom abundance 
and diversity.  
 

 
Plate 6.  Photographs of diatom species. A. Hantzschia amphioxys, B-C. Navicula aff. incertata (girdle view). 

 
Diatom diversity and abundance was notably higher in the among the small basin/west side north basin 
sites compared to the east side of north basin. J. John commented that the east side samples contained a 
high proportion of mud, which is associated with lower diatom abundance (pers. comm., Sept 17, 2020). 
During rainfall events, soil can be washed into the lake, burying diatoms and leading to lower abundance 
and diversity in samples. Gregory (2008) found sediment moisture content was shown to have a negative 
impact of the diatom community. This may explain the variation in diatom diversity and abundance at 
Lake Dundas, as the moisture content of sediments at the east side north basin sites was over 10% higher 
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than in small basin/west side sites (see section 4.2). Additionally, lower average richness at the east side 
sites may be related to their location outside of a natural embayment, as salt lake embayments usually 
support greater diversity of aquatic biota (Outback Ecology 2009). 
 
Overall, the small basin and the greater Lake Dundas north basin do not appear to support diatom species 
that have not been recorded elsewhere in the Goldfields region, or a species-rich assemblage. However, 
only two samples were collected inside the small basin, and 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).  
 

Table 5. Diatom species collected from Lake Dundas playa survey sites during July 2020 
  LDP1 LDP2 LDP3 LDP4 LDP5 LDP6 LDP7 LDP8 

Navicula aff. incertata **** **** **** ***** ** ** * * 

Navicula sp.1 ** **             

Navicula sp.2   *             

Hantzschia amphioxys *** *** ** ***         

Hantzachia virgata     * **         

Luticola sp.     **           

Pinnularia sp.     ** *         

Taxa richness 3 4 5 4 1 1 1 1 

Total abundance High High High 
Very 
high 

Low Low 
Very 
low 

Very 
low 

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

 
 

4.4 Aquatic biota resting stages 
 
Two aquatic biota resting stage taxa were recorded from the Lake Dundas sampling sites in July 2020; the 
antheridia7 of charophyte algae Chara spp., and cysts of the brine shrimp Parartemia spp. (Plate 7). 
Antheridia were recorded from sites LDP2, LDP5 and LDP6 (Table 6). Parartemia spp. cysts were recorded 
from most sites, with the exceptions of LDP2 and LDP3. 
 
The sites where water is thought to naturally pool and persist, LDP5 and LDP6, were the only sites that 
recorded both taxa (Table 6). Antheridia and cysts were highly abundant (> 20 specimens) here, compared 
to the other Lake Dundas sites. LDP5 recorded the highest abundance of Parartemia spp. per 100 g 
sediment, with 192 cysts, while LDP6 recorded the highest number of Chara sp., with 40 antheridia 
observed (Table 6). Abundance in the small basin/west side of north basin was low, ranging between 0 to 
7 specimens per site, and comparable to the northern-most east side sites LDP7 and LDP8. The persistence 
of water at LDP5 and LDP6 likely supports the productivity of aquatic biota in this area by maintaining 
higher sediment moisture content. 
 
Ostracod resting stage cysts were not detected in the sediment samples, though adults of the common 
and widespread species A. bennetti, D. whitei and D. fodiens have been previously recorded in Lake 
Dundas surface waters (Chapman & John 1999a, WRM 2013). Parartemia spp. and Chara spp. resting 
stages have been recorded previously in nearby Lake Cowan during the annual environmental monitoring 
surveys, conducted from 2005 to 2019 (WRM 2020). Although it was not possible to identify resting stage 
eggs to species level, in a previous study by WRM (2013), two species of brine shrimp were recorded from 
Lake Dundas, P. serventyi and P. veronicae. Therefore, it is highly likely that the cysts collected from the 
project area in July 2020 belong to one or both of these species. Neither of these Parartemia species, nor 
the ostracod species listed above, are currently listed on the DBCA Threatened and Priority Fauna 

 
7 Antheridia are the male sex organs of algae, mosses, ferns, fungi, and other non-flowering plants. 
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Rankings. There are no conservation significant algal or macrophyte taxa known from Lake Dundas or 
nearby lakes (i.e. Lake Lefroy or Lake Cowan), though this may be a reflection of the lack of survey effort 
and specialists in this field of study (Chapman & John 1999a, Stantec 2018, WRM & Biota 2020). 
 
 
 

  

  
Plate 7.  Aquatic biota resting stages, clockwise from top left: Chara sp. antheridium (red) and Parartemia spp. cyst 
(brown), Parartemia spp. cyst, compound image of Parartemia spp. cyst. and compound image of Chara sp. 
antheridium. 

  
 

Table 6. Abundance of aquatic biota resting stage cysts collected from Lake Dundas playa sampling sites in July 2020 
survey. 

  LDP1 LDP2 LDP3 LDP4 LDP5 LDP6 LDP7 LDP8 

PLANTAE          

Charophyta Charophyceae         

 Chara sp. 0 1 0 0 24 40 0 0 

ANIMALIA          

Branchiopoda          

Anostraca Branchipodidae         

 Parartemia spp. 2 0 0 7 192 20 1 7 

Taxa richness 1 1 0 1 2 2 1 1 

Abundance (per 100g sed.) 2 1 0 7 216 60 1 7 
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5 WATER QUALITY HAZARD ANALYSIS 
 
Salt lakes of Western Australia are naturally rich in mineral deposits. These endorheic systems act as a 
sink to the mineral deposits that occur naturally in the surrounding landscape, which are transported to 
the lake via catchment flow (Campagna 2007). Because of this geological setting, the background levels 
of analytes in salt lake waters and sediments often exceed the default toxicity and stressor guidelines, 
which complicates the assessment of potential dewatering discharge impacts. Gregory (2008) in their 
classification of inland salt lakes in Western Australia, found that the upper range of concentrations of 
cadmium, chromium, cobalt, copper, lead, nickel and zinc in the natural lakes all exceeded the default 
guideline value for protection of 80% of species in marine water. They also found that for lakes receiving 
discharge with elevated metals concentrations, the metal concentrations in the lake surface water also 
exceeded guideline values. Despite existing knowledge that metals are naturally elevated in salt lakes, the 
bioavailability and toxicity of potential contaminants in these environments is poorly understood, with 
little published data on the effects of increasing concentrations via dewatering discharge (Outback 
Ecology 2009). 
 
The impact of dewatering discharge on the salt lake is dependent on the quality and quantity of the water 
entering the lake. Water that is released at dewatering discharge sites generally contains higher 
concentrations of salts, nutrients and certain metals compared to lake surface water that has been 
received through catchment flow (Outback Ecology 2009). Aquatic biota including algae/diatoms, 
invertebrates and water birds can be affected by dewatering discharge (Timms 2005). Biodiversity tends 
to be lower at dewatering discharge sites (Outback Ecology 2009). 
 
A comparison of April 2020 Scotia pit water quality to the ANZG (2018) DGVs for the protection of aquatic 
species in marine ecosystems (99%, 95%, 90% and 80% levels for toxicants, see Appendix 2 for physical 
and chemical stressor DGVs), and analyte concentration ranges for Lake Dundas surface water in July 
2020, is provided in Table 7. 
 

5.1 Metals 
 

The concentrations of several metals in the Scotia pit water were in exceedance of DGVs and the ranges 
observed in the Lake Dundas surface water. These included: 

• Cd, which exceeded the 95% DGV in pit water, and was elevated in comparison to lake surface 
water (in which Cd levels were below the limit of detection); 

• Co, which exceeded the 95% DGV in pit water, and was elevated in comparison to lake surface 
water (in which Co levels were below the limit of detection); 

• Cu, which exceeded the 80% DGV in pit water at 1.5 m depth, and was 4.5x higher in pit water 
than in lake surface water (which also exceeded the 80% DGV at sites LDP5 and LDP7, see section 
4.1); 

• Mn, which was up to 64% higher in the pit water compared to the lake surface water (no DGV 
provided); 

• Ni, which exceeded the 99% DGV in pit water, and was elevated in comparison to lake surface 
water (in which Ni levels were below the limit of detection); 

• Pb, which exceeded the 80% DGV in pit water; and 

• Zn, which exceeded the 80% DGV in pit water, and was elevated in comparison to lake surface 
water (in which Cd levels were below the limit of detection). 
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Table 7. Water quality analyte concentrations in Scotia pit and trench waters, April 2020, compared to available ANZG (2018) DGVs for inshore marine ecosystems (exceedances 
highlighted according to species richness protection level: grey for 99% and stressor exceedance, light orange for 95%, orange for 90% and brown for 80%), and July 2020 
concentration ranges of analytes (exceedances highlighted in orange). All metals were analysed as dissolved metals. NP = DGV not provided by ANZG (2018) for marine ecosystems. 
NA = not analysed. 

Analyte Unit 
ANZG (2018) DGV LD surface water Scotia Pit Scotia 

trench 99% / stressor 95% 90% 80% 2020 range 1.5 m depth 10 m depth 20 m depth 

pH H+ 6.5 – 8.0    7.19 - 8.15 7.24 7.26 7.27 7.18 

Electrical Conductivity (EC) µS/cm NP    136,000 - 226,000 242,000 240,000 242,000 192,000 

Nitrate+nitrite (N-NOx) mg/L 0.05    <0.01 0.21 0.21 0.20 0.21 

Total nitrogen (TN) mg/L 0.23    0.8 - 1.9 1.2 0.21 0.20 <0.01 

Total phosphorus (TP) mg/L 0.02    0.3 0.27 0.12 <0.10 <0.10 

Antimony (Sb) mg/L NP NP NP NP <0.005 <0.005 <0.005 <0.005 <0.005 

Arsenic (As) mg/L NP NP NP NP <0.02 0.0173 0.0172 0.0184 <0.005 

Cadmium (Cd) mg/L 0.001 0.006 0.014 0.036 <0.002 0.0116 0.0104 0.0099 <0.01 

Cobalt (Co) mg/L 0.00001 0.001 0.014 0.15 <0.005 0.0087 0.0048 0.0055 0.0012 

Chromium (Cr) (Cr III) mg/L 0.008 0.027 0.049 0.091 <0.01 <0.005 <0.005 <0.005 <0.005 

Copper (Cu) mg/L 0.0003 0.001 0.003 0.008 <0.005 - 0.0099 0.045 <0.01 <0.01 <0.01 

Manganese (Mn) mg/L NP NP NP NP 0.02 - 0.23 0.376 0.278 0.31 0.122 

Mercury (Hg) mg/L 0.0001 0.0004 0.0007 0.0014 <0.005 <0.0002 <0.0002 <0.0002 <0.0002 

Nickel (Ni) mg/L 0.01 0.07 0.2 0.56 <0.05 0.043 0.041 0.041 <0.005 

Lead (Pb) mg/L 0.002 0.004 0.007 0.012 NA 0.176 0.182 0.181 2.700 

Selenium (Se) mg/L NP NP NP NP <0.02 0.012 0.011 0.011 <0.01 

Zinc (Zn) mg/L 0.007 0.015 0.023 0.043 <0.05 0.492 0.442 0.447 <0.05 

Carbonate (CO3) mg/L NP NP NP NP <1 <1 <1 <1 <1 

Calcium (Ca) mg/L NP NP NP NP 574 - 845 965 1040 982 712 

Chloride (Cl) mg/L NP NP NP NP 67,600 - 186,000 143,000 144,000 142,000 87,200 

Bicarbonate (HCO3) mg/L NP NP NP NP 29 - 35 97 95 99 32 

Potassium (K) mg/L NP NP NP NP NA 588 600 592 332 

Magnesium (Mg) mg/L NP NP NP NP 3,830 - 4,420 9,040 9,310 9,290 3,960 

Sodium (Na) mg/L NP NP NP NP 37,200 - 115,000 102,000 106,000 105,000 55,700 

Sulphate (S-SO4) mg/L NP NP NP NP 5,560 - 8,110 8,650 8,820 8,740 6,120 
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The quality of the water in the historic water supply trenches was also analysed to provide context as an 
existing source of open water on the lake. Of interest was the highly elevated dissolved Pb concentration 
in the trenches, at 225x the 80% DGV. The source of the Pb is unclear, though may be related to the direct 
contact of water with deeper lake sediments, which may have a naturally high Pb concentration that has 
built up over thousands of years, due to salt lake sediments acting as a sink for minerals in the surrounding 
catchment. When dewatering operations commence, this water will be left undisturbed behind existing 
bunding, and the discharge will be piped to centre of the small basin, where surface contour modelling 
indicates discharge will flow directly out of the basin to Lake Dundas without mixing with trench water. 
 
Of the metals in the pit water that exceeded the DVGs, Pb, Zn and Cu are likely to pose the greatest risk 
to aquatic biota within the dewatering discharge extent, as concentrations of these metals were most 
elevated and exceeded the ANZG (2018) 80% DGV for the protection of aquatic species (in marine 
systems). At the concentrations observed in the pit water, the DGVs indicate that 20% of the species 
present in the receiving environment may be adversely affected. Levels of Cd and Co in pit water may also 
pose a risk to aquatic species, as concentrations exceeded the 95% DGV (i.e. 5% of species may be 
adversely affected). Elevated Ni in pit water above the 99% DGV may pose a risk to the most sensitive of 
aquatic species. However, Ni has low bioavailability from the water column, and invertebrates have been 
known to adapt to elevated levels of nickel, often bioaccumulating to no adverse effect (Campagna 2007). 
 
As stated above, the bioavailability and toxicity of potential contaminants in dewatering discharge to salt 
lake environments is not well understood. Stantec (2018), in their desktop ecological assessment of Lake 
Lefroy, found concentrations of Cu, Pb and Zn exceeded the 80% DGVs at discharge sites, but concluded 
that elevated metals in the discharge were unlikely to pose an ecotoxicity risk to aquatic biota. The high 
salinity and the sediment characteristics (fine clay) of Lake Lefroy suggested that metals were likely to be 
adsorbed to ions and fine clay particles, remaining biologically unavailable. However, Parartemia brine 
shrimp feed by stirring up sediments and filtering out the organic matter, which may leave them 
susceptible to the ingestion of heavy metals (Campagna 2007, Timms 2012). Heavy metals are also known 
to inhibit the emergence of brine shrimp nauplii from the resting eggs (MacRae & Pandey 1991). 
Additionally, waterbirds are known to migrate to Goldfields salt lakes following inundation, and prey on 
the emergent brine shrimp (Campagna 2007). Several waterbird species protected under international 
agreements have previously been sighted in the Coolgardie IBRA region (Stantec 2018). While specific 
literature on the trophic transfer of heavy metals through the brine shrimp – waterbird food chain was 
available, it is possible that if brine shrimp ingest heavy metals, these metals may be transferred to the 
waterbirds that feed on them. However, the July 2020 sampling indicated that abundance of brine shrimp 
resting stage cysts within the small basin is low, which may lead to low abundance of emerging brine 
shrimp and limit the possible trophic transfer/bioaccumulation of metals to waterbirds. 
 

5.2 Salinity and ions 
 
The most well-documented concern for salt lakes that receive dewatering discharge is the contribution to 
salt loads in surface water and sediments, and the formation of a thick salt crust (Outback Ecology 2009, 
Stantec 2018). EC and the concentrations of related ions Ca, HCO3, Mg and SO4, were higher in pit water 
compared to Lake Dundas surface water (Table 7). While EC and SO4 concentration differences were minor 
at around 7% higher in pit water, Ca levels were 23% higher, and Mg and HCO3 levels were over 200% the 
concentrations observed in lake surface water.  
 
The addition of hypersaline water to the small basin may lead to salt crust formation within the surface 
water discharge extent. This may lead to a decline in aquatic biota diversity and/or abundance in the small 
basin/west side north basin sites. However, a relatively small area of playa will be exposed to discharge, 
in the context of the greater Lake Dundas north basin and main body, and dewatering operations will be 
short-term in comparison to long-term dewatering operations on Lake Cowan, for example. The formation 
of a salt crust within the surface water discharge extent is therefore unlikely to adversely impact the 
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aquatic biota of the greater Lake Dundas north basin. Gregory (2008) found the lakes receiving dewatering 
discharge had lower species richness in comparison to natural lakes and lakes historically receiving 
dewatering discharge, which may indicate that diatom communities recover over time with the cessation 
of discharge operations. Therefore, any localised declines in ecological condition in the vicinity of the 
discharge may reverse upon cessation of mining, as large rainfall event may dissolve the crust.  
 
The addition of Ca and Mg to Lake Dundas surface waters is likely to cause an increase in water hardness. 
It is unknown whether this will have a direct adverse effect on aquatic biota. However, increased water 
hardness will likely decrease the bioavailability of toxic metals in discharge water, as calcium and 
magnesium affect bioavailability by competing with metal ions for binding to biological cell surfaces 
(ANZECC/ARMCANZ 2000). 
 

5.3 Nutrients 
 
In general, the concentrations of nutrients in pit and trench water were low in comparison to Lake Dundas 
surface water (Table 7). The exception was N-NOx, for which concentrations were 4x higher in both pit 
and trench water than the DGV, and higher than in lake surface water (for which N-NOx levels were below 
the limit of detection). Total N and total P exceeded the respective DGVs in pit water at 1.5 m depth, and 
total P was also elevated above the DGV at 10 m depth. The DGVs for N-NOx, total N and total P are 
designed to protect against the proliferation of cyanobacteria and nuisance plants in aquatic ecosystems. 
Given that the hypersaline conditions in Lake Dundas are likely a limiting factor for the growth of these 
organisms, elevated nutrient concentrations in discharge water is unlikely to adversely impact aquatic 
biota. In addition, cyanobacteria are a common and important component of Goldfields salt lakes, as the 
structures formed by their growth, termed “biological soil crusts”, provide stability to sediments that 
protects against wind erosion (Campagna 2007). The contribution of nutrients to lake surface waters 
through dewatering discharge may benefit these important organisms, and the structural stability of the 
playa surface. 

 

5.4 Water quality hazard analysis summary 
 
PNRS are planning to dispose of water from the existing Scotia pit into a small basin that joins Lake Dundas. 
Concentrations of Ni exceeded the 99% DGV, Cd and Co exceeded the 95% DGV, and Cu, Pb and Zn 
exceeded the 80% DGV in pit waters. Discharge of the pit water to the small basin could potentially expose 
aquatic biota to a ‘cocktail ‘of these known toxins and cause adverse effects, including the inhibition of 
resting stage emergence and trophic transfer of heavy metals to waterbirds. However, high salinity, water 
hardness and sediment characteristics may limit the bioavailability and uptake of heavy metals by aquatic 
biota, which could lower the toxicity risk. The overall toxicity hazard of the pit water cannot be adequately 
characterised from the available data, due to possible synergistic and antagonistic effects of the various 
analytes. Toxicity could be determined through whole effluent toxicity (WET) testing, which uses living 
test organisms to reliably measure the potential biological impacts of discharge on the surrounding 
environment. Nutrient concentrations in the pit water were also elevated above DGVs. However, the 
addition of nutrients to lake surface water is unlikely to cause nuisance bacteria or algal blooms due to 
the hypersaline conditions, and may be beneficial to the lake environment by fueling the formation of 
biological soil crusts that stabilise sediments and protect against wind erosion. 
 
The release of hypersaline pit water may contribute to salt loads on the playa of the small basin, causing 
a salt crust to form. While this may lead to a decline in aquatic biota diversity and abundance in the small 
basin, the discharge of hypersaline water to the small basin over a 12-month period would be unlikely to 
cause permanent adverse impacts to the aquatic biota of the greater Lake Dundas north basin. The basin 
is small in comparison to the whole lake, comprising approximately 0.21% of the total Lake Dundas surface 
area and does not appear, based on this survey, to support a distinct fauna that have not been recorded 
elsewhere in the Goldfields region. 
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6 SUMMARY & CONCLUSIONS 
 

6.1 General 
 
The PNRS Feasibility Study (FS), scheduled for completion later in 2020, will consider the management of 
the mine water from the Scotia deposit. The objective of this baseline assessment was to inform the FS 
by: 

i. Collecting surface water and benthic sediment samples from Lake Dundas and comparing 
concentrations of analytes against ANZG (2018) DGVs; 

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 similar to Lake Dundas, and discussing aquatic fauna previously recorded at Lake 
Dundas, and their conservation significance; 

iv. Conducting a hazard analysis for future dewatering water discharge by comparing pit water 
quality against ANZG (2018) DGVs and current lake surface water quality; and 

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

 
During the July 2020 survey, the small basin earmarked for receiving dewatering discharge was dry, apart 
from the previously excavated water-supply trench. The western side of the lake where the small basin 
would discharge into the north basin of Lake Dundas was also dry. On the eastern side, a large area of 
inundation was present (captured by sampling sites LDP5 and LDP6), though without a significant rainfall 
event having occurred in the preceding weeks or months. The water was approximately 15-12 cm deep, 
at least 300m wide (east to west) and 1.5 km long (north to south), though the extent of inundation was 
difficult to estimate due to the reflectiveness of the flat playa surface. The water was pooled on top of a 
salt crust at least 1 cm in thickness. The high salinity of this water would reduce the evaporation rate, 
allowing it to remain on the salt crust for extended periods following flooding. A narrow channel of water 
was also present on the playa at sampling site LDP7, approximately 5 km to the north of the main pool of 
water. No salt crust was present on the sediment at this location, likely dissolved by the recent small 
rainfall events. This water likely drained into this area of the lake following recent small rainfall events.  
 

6.2 Water quality 
 
Natural surface water was present and sampled at three Lake Dundas playa sites, LDP5, LDP6 and LDP7 
during the July 2020 survey. Lake Dundas surface water quality was generally comparable to other salt 
lakes in the Coolgardie region, as studied by Gregory (2008), and analyte levels were generally within or 
below the ranges recorded for discharge-receiving lakes Cowan & Lefroy. The water at all three sites was 
hypersaline, with EC ranging from 136,000 µS/cm at LDP7 to 226,000 µS/cm at LDP6.  The pH ranged from 
neutral (7.19, LDP6) to alkaline (8.15, LDP7), and was naturally more alkaline than other Coolgardie region 
salt lakes. The source of higher pH was likely the northern catchment of Lake Dundas, which has exhibited 
a naturally alkaline pH in previous studies. EC levels and concentrations of related ions, including Na, Cl, 
Ca, HCO3, Mg and SO4, were greater at LDP5 and LDP6, compared to LDP7. The anion and cation 
dominance at all sites was Cl > SO4 > HCO3 and Na > Mg > Ca. 
 
Total N and total P concentrations at all three sites exceeded the ANZG (2018) DGVs for inshore marine 
ecosystems. However, nutrient concentrations are often higher in salt lakes compared to freshwater 
lakes. Concentrations at Lake Dundas were comparable to other Goldfields salt lakes, such as Lake Cowan 
and Lake Lefroy. 
 
Concentrations of dissolved metals in Lake Dundas were generally below the limits of laboratory 
detection, with the exceptions of Cu, which exceeded the 95% ANZG (2018) DGV at LDP5 and LDP7, and 
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Mn, which was above the limit of detection at all three sites (no DGV is provided). The Cu levels recorded 
in Lake Dundas were below the maximum concentrations recorded for both natural and discharge-
affected lakes in the Coolgardie region (Gregory 2008). Most salt lakes in the Goldfields region exhibit 
naturally high concentrations of metals, and it is considered that the biota these lakes support are likely 
to have higher tolerance limits than the organisms the DGVs are based on (Bennelongia 2009, Umwelt 
2018), although this is supposition, and has not been objectively tested. 
 
In general, the water quality in February 2013 at LDNB sites, and in July 2020 at LDP5 and LDP6 sites were 
similar, even though samples were collected from different locations and at different times of the year. 
Some temporal changes in analytes were detected, which indicates that the surface water chemistry of 
Lake Dundas varies naturally over time, likely in relation to the spatial distribution and intensity of rainfall 
within the catchment, and the heterogeneity of the mineral deposits throughout the catchment which 
influence analyte concentrations. The surface water quality of Lake Dundas is likely influenced by the 
natural geology and mineral deposits of its catchment, which are transported to the lake via catchment 
flow (Campagna 2007). 
 

6.3 Sediment quality 
 
Spatial differences in sediment chemistry were apparent across Lake Dundas. In general, sediment analyte 
levels were within the historical range recorded for Lake Cowan control sites (Table 4), and comparable 
to Coolgardie region salt lakes (Gregory 2008). Sediments in the small basin/west side of north basin were 
characterised by slightly acidic pH (average 6.6), and lower EC (average 24,450 µS/cm) and moisture 
content (average 16.5%), compared to the eastern side of the north basin (average 6.9 pH, 37,650 µS/cm 
EC and 27.1% moisture). Levels of each nutrient analyte were inconsistent in spatial variation, for 
example, N-NOx levels were relatively high in the small basin (sites LDP1 and LDP2) compared to the north 
basin sites, while total N levels were lower on-average in small basin/west side north basin sediments 
compared to east side sites. Total P concentrations were higher at the northern-most east side sites LDP7 
and LDP8, compared to all other sites. Lake Dundas nutrient concentrations were within the range for 
natural Coolgardie region salt lakes (Gregory 2008). 
 
The ANZG (2018) DGV-low for dissolved Ni was exceeded at LDP7 and LDP8, and the DGV-low for Cr was 
also exceeded at LDP7. However, the Lake Dundas sites north of the causeway recorded higher 
concentrations of Cr (110 – 160 mg/kg) and Ni (58 – 90 mg/kg) in 2013, indicating that the upstream 
catchment area for Lake Dundas is naturally enriched in these metals and is the likely source of elevated 
concentrations in the north basin. Sediment quality guidelines may not be appropriate where background 
levels of minerals in salt lakes and surrounding catchments are naturally enriched. Dissolved metal 
concentrations inside the small basin/on the west side were generally lower than, or comparable to, east 
side sites. The exceptions were Se levels at LDP1, LDP2 and LDP3, as well as concentrations of As and Zn 
at LDP3. Elevated concentrations of these analytes in the small basin/west side sediments may be 
indicative of historical discharge to this area, and potential differences in sediment composition may 
explain, at least in part, the variation in sorption of metals across the playa surface.  
 
Concentrations of ions were relatively uniform among the small basin/west side sites, and generally lower 
than concentrations at the east side north basin sites. Levels of Ca and SO4 were elevated at LDP6, and to 
a smaller degree at LDP5, compared to all other sites. The sediment anion and cation dominance for the 
majority of sites was Cl > SO4 > HCO3 and Na > Mg > Ca, apart from LDP6, where SO4 and Ca were the 
dominant anion and cation in sediment. 
 
The spatial differences in sediment chemistry at Lake Dundas is typical of Goldfields salt lakes, and 
variations are likely influenced by geological differences in the surrounding catchment, drainage patterns 
and localised sediment particle size composition. 
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6.4 Diatoms 
 
Seven diatom species were recorded from Lake Dundas sediment samples collected in July 2020, across 
the eight survey sites. Diatom diversity and abundance was notably higher in the among the small 
basin/west side north basin sites compared to the east side of north basin. This variation may be related 
to the higher proportion of mud and greater sediment moisture content at the east side sites; conditions 
that are associated with lower diatom abundance (J. John., pers. comm., Sept 17, 2020; Gregory 2008). 
The abundance and diversity of diatoms in the small basin/west side sites of Lake Dundas was high in 
comparison to the long-term monitoring results from both control and discharge embayment areas of 
Lake Cowan. The reason for this is unclear, though may be related to the position of the sites, the 
surrounding catchment and sediment characteristics and quality. 
 
Overall, the small basin and the greater Lake Dundas north basin do not appear to support diatom species 
that have not been recorded elsewhere in the Goldfields region, or a species-rich assemblage. However, 
only eight samples in total across Lake Dundas were collected during the current study, and diatom 
sampling conducted during natural inundation may yield a greater diversity and/or different species 
assemblage.  

 

6.5 Aquatic invertebrate resting stages 
 
Two aquatic biota resting stage taxa were recorded from the Lake Dundas sampling sites in July 2020; the 
antheridia of Chara charophyte algae and cysts of Parartemia brine shrimp. Both taxa were recorded 
within the small basin, and in the greater Lake Dundas north basin. Abundance was low in the small basin 
compared to north basin sites LDP5 and LDP6, where productivity appeared to be higher. The persistence 
of water at LDP5 and LDP6 likely supports the productivity of aquatic biota in this area by maintaining 
higher sediment moisture content. 
 
Ostracod resting stage cysts were not detected in the sediment samples, though adults of the common 
and widespread species A. bennetti, D. whitei and D. fodiens have been previously recorded in Lake 
Dundas surface waters8. Although it was not possible to identify resting stage eggs to species level, two 
species of brine shrimp have previously been recorded from Lake Dundas, P. serventyi and P. veronicae. 
Therefore, it is highly likely that the cysts collected from the project area in July 2020 belong to one or 
both of these species. Neither of these Parartemia species, nor the ostracod species listed above, are 
currently listed on the DBCA Threatened and Priority Fauna Rankings. Additionally, there are no 
conservation significant algal or macrophyte taxa known from Lake Dundas or nearby lakes (i.e. Lake 
Lefroy or Lake Cowan), though this may be a reflection of the lack of survey effort and specialists in this 
field of study. 
 

6.6 Potential impacts to aquatic biota from dewatering discharge operations  
 
The outcomes of the baseline ecological assessment of Lake Dundas indicate that the ecological values of 
the small basin, where dewatering discharge is planned to occur, are likely “low” in significance. This area 
has been subjected to previous mine-related disturbance, which likely included a small volume of 
dewatering discharge. Abundance and diversity of aquatic biota resting stage cysts/propagules were low 
in the small basin/west side of north basin, and the taxa present in the small basin appeared to be well-
represented among the “control” sites on the east side of the north basin. Diatom species richness was 
higher among the small basin/west side sites, compared to the east side sites, however, the muddy 
condition of the east side sites was less conducive to diatom detection (J John 2020, pers. comm., 17 
Sept). The diatom species detected in the sites that may be exposed to the planned Scotia dewatering 
discharge have been detected in other salt lakes of the Goldfields region. 

 
8 Surface waters were not sampled for aquatic biota during the July 2020 survey. 
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Based on the findings, a broad risk assessment has been developed in relation to potential impacts to 
impacts to ecological values (lake surface water and sediment quality, and aquatic biota), associated with 
the Scotia discharge. The potential impacts to ecological values identified for the proposed Scotia 
dewatering discharge operations included: increased salt load and salt crust formation, water and 
sediment quality changes, specifically elevated metal levels, alteration to the hydrocycle, and increased 
erosion and turbidity. Table 8 below provides a summary of these potential impacts and risk levels by 
location in relation to the proposed dewatering discharge point. The dewatering discharge operations will 
involve the disposal of water from two pits. The flow rate is predicted to be low, at 10 – 30 L per second, 
and discharge is predicted to be short in duration, occurring over a period of 12 months. Discharge 
modelling indicated the majority of the potential impacts from dewatering discharge are expected to be 
confined to the small basin, which is separated from Lake Dundas by a 500 m long channel. This area, 
which is currently dry, is expected to undergo a greater change following the addition of water, compared 
to the ‘low point’ area where water appears to naturally persist for extended periods. 
 
Overall, dewatering discharge operations pose a moderate risk to the receiving environment within the 
small basin, and a low risk to the greater Lake Dundas ecosystem. Declines in aquatic biota diversity and 
abundance may occur with the potential formation of a salt crust, and potential increases in 
concentrations of dissolved metals in surface water and sediment within the dewatering discharge extent. 
Elevated heavy metals concentrations in Scotia discharge water may pose a risk to the food web, with the 
potential for trophic transfer from brine shrimp to waterbirds, of which some species previously detected 
in the Goldfields region are protected under international agreements. Aquatic biota diversity and 
abundance may recover following the cessation of dewatering discharge, which is planned to occur over 
a relatively short duration compared to the long-term (> 5 years) discharge operations that have occurred 
on Lake Cowan and Lake Lefroy. The potential for adverse effects to aquatic biota is also likely to decline 
with increasing distance from the discharge point, particularly in flood conditions, which would dilute 
discharge water, lowering the toxicity of metals. Therefore, the ecological value of Lake Dundas north 
basin and main basin, including the area of natural inundation on the eastern side of the lake, is unlikely 
to be adversely affected by Scotia dewatering operations. 
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Table 8. Summary of potential impacts and associated risk to ecological values at each location on Lake Dundas, in relation to dewatering discharge from Scotia deposit. 

 

Location 
Ecological 

values 
Potential impacts Risk Risk justification / knowledge gaps 

Small basin (LDP1 & 

LDP2) 

Within dewatering 

discharge footprint. 

 

No conservation 

significant aquatic 

biota detected. 

Relatively high 

diversity & 

abundance of 

diatom taxa. 

Relatively low 

diversity & 

abundance of 

aquatic biota 

resting stage 

taxa.  

Increased salt load & 

salt crust formation. 
Moderate 

Salt crust formation has occurred with dewatering discharge operations on other lakes, and 

has been associated with declines in diatom abundance (Stantec 2018, WRM & Biota 

2020). The short duration of discharge and low discharge volumes may limit the thickness 

of the crust formation, which would likely dissolve upon the next major flood event. 

Localised declines in biota diversity and abundance are unlikely to be of significance to 

greater Lake Dundas. Declines may also be temporary, and biota may recover over time 

following the cessation of dewatering operations and dissolution of the salt crust with rainfall. 

Water & sediment 

quality changes, e.g. 

increased metals 

concentrations. 

Moderate 

Water quality and sediment quality changes have occurred with dewatering discharge 

operations on other lakes (Gregory 2008, Stantec 2018, WRM & Biota 2020). However, it 

is unknown whether these changes have had adverse effects on aquatic biota in Goldfields 

salt lakes. International evidence indicates heavy metals may affect emergence from resting 

stages. Brine shrimp feed by stirring up sediments and filtering out the organic matter, which 

may leave them susceptible to the ingestion of heavy metals. Waterbirds are known to 

migrate to Goldfields salt lakes following inundation, and likely feed on the emergent brine 

shrimp (Campagna 2007). There is potential for trophic transfer of heavy metals through the 

brine shrimp – waterbird food chain, though productivity of brine shrimp within the small 

basin appears to be low, which may limit update by waterbirds. 

Scotia pit water contains elevated concentrations of dissolved metals above ANZG (2018) 

DVGs, including Cd, Co, Cu, Ni, Pb and Zn. Elevated levels of Pb are of highest toxicity 

concern, though the bioavailability may be low at high salinity and water hardness.  

Risk level has been set at moderate, due elevated toxic metals in the Scotia pit water, and 

gaps in knowledge about bioavailability and potential for long-term harmful effects (e.g. 

adverse sediment quality).  

Localised declines in biota diversity and abundance are unlikely to be of significance to 

greater Lake Dundas. Declines may also be temporary, and biota may recover over time 

following the cessation of dewatering operations. 
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Location 
Ecological 

values 
Potential impacts Risk Risk justification / knowledge gaps 

Alterations to 

hydrocycle. 
Moderate 

Extended periods of inundation may adversely affect biota that require a period of 

desiccation for emergence, and may affect sediment cyst replenishment. The risk level 

dependant on duration of dewatering discharge, the majority of which is predicted to occur 

within a 12 month period. The predicted duration is shorter, and the flow rates and volume 

lower, in comparison to discharge operations that have occurred to other salt lakes. 

Therefore, the risk level has been deemed moderate for the biota present in the small basin. 

Localised declines in biota diversity and abundance are unlikely to be of significance to 

greater Lake Dundas. Declines may also be temporary, and biota may recover over time 

following the cessation of dewatering operations. 

Erosion of lake 

sediments and 

increased TSS/turbidity. 

Low 

Turbidity may affect the survival of aquatic biota through smothering (hampering 

photosynthesis and feeding functions). Risk level is dependent on discharge point design, 

where erosion control measures can be implemented (i.e. construction of gabion and/or 

sediment ponds). 

West side north basin 

(LDP3 in channel, 

LDP4) 

Mixing zone – high 

potential interaction of 

discharge and natural 

lake water in flood 

events. 

No conservation 

significant aquatic 

biota detected. 

Relatively high 

diversity & 

abundance of 

diatom taxa. 

Relatively low 

diversity & 

abundance of 

aquatic biota 

resting stage 

taxa. 

Increased salt load & 

salt crust formation. 
Moderate As described above for LDP1 & LDP2. 

Water & sediment 

quality changes, e.g. 

increased metals 

concentrations. 

Moderate As described above for LDP1 & LDP2. 

Alterations to 

hydrocycle. 
Low 

As described above for LDP1 & LDP2, however, greater infiltration/evaporation with 

increasing distance from the discharge point may limit the surface extent and persistence 

of discharge in this area.  

Erosion of lake 

sediments and 

increased TSS/turbidity. 

Low 
Risk level dependant on discharge point design, however, this location is likely far enough 

away from the discharge point that flow will likely be low enough to not cause erosion. 
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Location 
Ecological 

values 
Potential impacts Risk Risk justification / knowledge gaps 

North basin inundated 

area – east side 

(LDP5 & LDP6) 

The “low point” of the 

north basin, which 

modelling indicates 

would drain water 

from the small basin - 

potential interaction of 

discharge and natural 

lake water. 

No conservation 

significant aquatic 

biota detected. 

Relatively low 

diversity & 

abundance of 

diatom taxa. 

Relatively high 

diversity & 

abundance of 

aquatic biota 

resting stage 

taxa. 

Increased salt load & 

salt crust formation. 
Low A salt crust of at least 1 cm thickness naturally exists in this area. 

Water & sediment 

quality changes, e.g. 

increased metals 

concentrations. 

Low 

Modelling indicates that discharge water may pool in this area. However, a large body of 

water appears to persist in this area, which may mix with and dilute the concentrations of 

metal toxins in discharge water. No brine shrimp were visually observed in the natural lake 

water in July 2020, and likely only emerge under specific environmental conditions 

generated by flood events. 

If Lake Dundas were to fill, from which climate records indicate would likely require at least 

a 1 in 15 year flood event, discharge water would mix with flood water in this area. The 

dilution factor would likely be high, ameliorating toxicity of elevated metals concentrations 

in the discharged pit water. 

Alterations to 

hydrocycle. 
Low 

Water naturally persists for at least part of the year in this area. Additional water received 

from discharge over a 12-month period is unlikely to alter the hydrocycle of the lake in this 

particular location. 

Erosion of lake 

sediments and 

increased TSS/turbidity. 

Low 
This location is likely far enough away from the discharge point that flow will likely be low 

enough to not cause erosion. 

North-eastern side of 

north basin (LDP7 & 

LDP8) 

Outside/upstream of 

dewatering discharge 

footprint (“control” 

sites). 

No conservation 

significant aquatic 

biota detected. 

Relatively low 

diversity & 

abundance of 

diatom taxa. 

Relatively low 

diversity & 

abundance of 

aquatic biota 

resting stage 

taxa. 

No impacts anticipated NA 

Sites are located outside and upstream of the small basin and natural area of inundation. 

In a flood event, drainage would flow north to south, thus dewatering discharge would be 

unlikely to reach this area. 



Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020   

 

52 

REFERENCES 
 
actis Environmental Services (2016). Proposed Short-term Dewatering Discharge Mt Henry. Report prepared for 

Higginsville Gold Operations, Metals X Ltd, July 2016. [Accessed 10th August 2020] 
https://www.der.wa.gov.au/images/documents/our-work/licences-and-works-
approvals/Applications/L9029ap7.pdf 

 
Ali, H. and Kahn, E. (2019) Trophic transfer, bioaccumulation, and biomagnification of non-essential hazardous heavy 

metals and metalloids in food chains/webs—Concepts and implications for wildlife and human health. Human 
and Ecological Risk Assessment: An International Journal 25: 1353-1376 

 
ANZECC/ARMCANZ (2000). Australian and New Zealand Guidelines for fresh and marine water quality. Australia and 

New Zealand Environment and Conservation Council and the Agriculture and Resource Management Council 
of Australia and New Zealand. Paper No. 4. Canberra. 

 
ANZG (2018). Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian and New 

Zealand Governments and Australian state and territory governments, Canberra ACT, Australia.  [Accessed 17th 
January 2020] www.waterquality.gov.au/anz-guidelines 

 
Aquaterra. (2006). Annual dewatering discharge licence report - Licence No. 6043/9. Internal report for Croesus 

Norseman Operations.  
 
Battarbee, R. W., Jones, V. J., Flower, R. J., Cameron, N. G., Bennion, H., Carvalho, L. and Juggins, S. (2001). Diatoms. 

In: J. P. Smol, H. J. B. Birks and W. M. Last (eds) Tracking Environmental Change Using Lake Sediments Volume 
3. Kluwer Academic Publishers, Dordrecht, The Netherlands, pp 155-202 

 
Bennelongia (2009). Central Norseman Gold Corporation Biological Monitoring at Lake Cowan, November 2008. 

Unpublished report prepared by Bennelongia Pty Limited on behalf of Central Norseman Gold Corporation Pty 
Ltd. 

 
Blinn, D. W., Halse, S. A., Pinder, A. M., Shiel, R. J. and McRae, J. M. (2004). Diatom and macro-invertebrate 

communities and environmental determinants in the western Australian wheatbelt: A response to secondary 
salinisation. Hydrobiologia 528: 231-244. 

 
Bold, H.C. and Wynne, M.J. (1978). Introduction to the Algae: Structure and Reproduction. Prentice-Hall 

Incorporated, New Jersey. 
 
Bureau of Meteorlogy (2020). Monthly rainfall Norseman Aero. [Accessed 17th January 2020] 

http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=139&p_display_type=dataFile&p_sta
rtYear=&p_c=&p_stn_num=012009 

 
Caceres, C.E. (1997). Dormancy in invertebrates. Invertebrate Biology 116: 371- 383.  
 
Caceres, C.E. and Hairston, N.G. (1998). Benthic-pelagic coupling in planktonic crustaceans: The role of the benthos. 

Limnologica 52: 163-174. 
 
Campagna, V.S. (2007). Limnology and biota of Lake Yindarlgooda – an inland salt lake in Western Australia under 

stress. PhD thesis, Division of Science and Engineering and Department of Environmental Biology, Curtin 
University of Technology, Perth, Western Australia. 

 
Chaplin, S. and John, J. (1999a). Algae and aquatic invertebrate assemblages of Lake Cowan and Lake Dundas, 

Western Australia. Unpublished report prepared by Shane Chaplin and Jacob John, School of Animal Biology, 
Curtin University of Technology, Western Australia, on behalf of Central Norseman Gold Corporation Pty Ltd. 

 
Chaplin, S. and John, J. (1999b). Biology and water chemistry of Lakes in the Semi-Arid Lefroy-Cowan region of 

Western Australia. Unpublished report prepared by Curtin University of Technology, Western Australia, for 
Central Norseman Gold Corporation. 

 

https://www.der.wa.gov.au/images/documents/our-work/licences-and-works-approvals/Applications/L9029ap7.pdf
https://www.der.wa.gov.au/images/documents/our-work/licences-and-works-approvals/Applications/L9029ap7.pdf
http://www.waterquality.gov.au/anz-guidelines
http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=139&p_display_type=dataFile&p_startYear=&p_c=&p_stn_num=012009
http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=139&p_display_type=dataFile&p_startYear=&p_c=&p_stn_num=012009


Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020   

 

53 

Cowan, M. (2001). Coolgardie 3 (COO3 - Eastern Goldfields Subregion). Department of Conservation and Land 
Management.  

Department of Biodiversity, Conservation and Attractions (DBCA) (2019a). NatureMap: Mapping Western Australia's 
Biodiversity. Department of Biodiversity, Conservation and Attractions. Available from: 
https://naturemap.dbca.wa.gov.au/. Accessed Wed, 24 Jun 2020. 

Department of Biodiversity, Conservation and Attractions (DBCA) (2019b). Threatened and priority fauna list. Species 
and Communities Branch, Parks and Wildlife Service. Available from: https://www.dpaw.wa.gov.au/plants-
and-animals/threatened-species-and-communities/threatened-animals. Accessed Wed, 24 Jun 2020. 

Department of Conservation and Land Management. (2000). Management Plan: Rowles Lagoon Conservation Park 
and Clear and Muddy Lakes Nature Reserve. Department of Conservation and Land Management for the 
National Parks and Nature Conservation Authority, Perth, Western Australia. 

Department of the Environment (2010). Directory of Important Wetlands in Australia. Department of the 

Environment. Available online at http://www.environment.gov.au/cgibin/wetlands/search.pl?smode=DOIW. 

Department of the Environment (2013). Australian Ramsar Wetlands. Department of the Environment. Available 
online at http://www.environment.gov.au/water/wetlands/australian-wetlandsdatabase/australian-ramsar-
wetlands.  

Department of Primary Industries and Regional Development (DPIRD) (2020). Climate trends in Western Australia. 
Agriculture and Food website, Department of Primary Industries and Regional Development, WA Government. 
[Accessed 8th August 2020] https://www.agric.wa.gov.au/climate-change/climate-trends-western-australia. 

Fourtanier, E. and Kociolek, J.P. (1999). Catalogue of the diatom genera. Diatom Research 14(1): 1-190. 
 
Groundwater Development Services (GDS) (2015). H1 Desktop Hydrogeological Assessment Mt Henry Open Pits, 

October 2015. Report prepared by GDS for Enviro Department / Higginsville Gold Operations, Metals X Limited. 
[Accessed 13th August 2020] https://www.der.wa.gov.au/images/documents/our-work/licences-and-works-
approvals/Applications/L9029ap5.pdf. 

 
Ghetti, P. F. and Ravera, O. (1994). European perspective on biological monitoring. In: S.L. Loeb and A. Spacie (eds) 

Biological Monitoring of Aquatic Systems. Lewis Publishers, Boca Raton, Florida, pp 31-46. 
 

Gray, D. (2001). Hydrogeochemistry in the Yilgarn Craton. Geochemistry: Exploration, Environment, Analysis 1(3): 
253-264.  

 
Gregory, S. (2008). The classification of inland salt lakes in Western Australia. MSc thesis, School of Environmental 

Biology, Curtin University of Technology, Perth, Western Australia. 
  
Groundwater Resource Management (GRM) (2020). Pantoro South – Scotia deposit Lake Dundas discharge. 

Technical memorandum by GRM to PNRS, September 17, 2020. 
 
Halse, S. and McRae, J. (2004). New Genera and Species of “Giant” Ostracods (Crustacea: Cyprididae) from 

Australia. Hydrobiologia 524(1): 1–52.  
 
Hazelton, P. and Murphy, B. (2007). Interpreting Soil Test Results. What do all the numbers mean. CSIRO Publishing, 

Collingwood, Victoria. 
 
John, J. (1999). Limnology of Lake Carey with special reference to primary producers. Salt Lake Ecology Seminar, 

Perth Zoo Conference Centre, Perth, Western Australia, Centre for Land Rehabilitation. 
 
John, J. (2000). A guide to diatoms as indicators of urban stream health. National River Health Program, Urban Sub 

Program, Report No. 7. LWRRDC Occasional Paper 14/99. Land and Water Resources and Development 
Corporation, Canberra. 

 
Keighery, B.J. (1994). Bushland Plant Survey: a Guide to Plant Community Survey for the Community. Wildflower 

Society of WA (Inc.), Nedlands, Western Australia. 
 

http://www.environment.gov.au/cgibin/wetlands/search.pl?smode=DOIW
http://www.environment.gov.au/water/wetlands/australian-wetlandsdatabase/australian-ramsar-wetlands
http://www.environment.gov.au/water/wetlands/australian-wetlandsdatabase/australian-ramsar-wetlands
https://www.agric.wa.gov.au/climate-change/climate-trends-western-australia
https://www.der.wa.gov.au/images/documents/our-work/licences-and-works-approvals/Applications/L9029ap5.pdf
https://www.der.wa.gov.au/images/documents/our-work/licences-and-works-approvals/Applications/L9029ap5.pdf


Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020   

 

54 

Laing, G.D., De Vos, R., Vandecasteele, B., Lesage, E., Tack, F.M.G., and Verloo, M.G. (2008). Effect of Salinity on 
Heavy Metal Mobility and Availability in Intertidal Sediments of the Scheldt Estuary. Estuarine, Coastal and 
Shelf Science 77: 589-602. 

 
MacRae, T.H. and Pandey, A.S. (1991). Effects of metals on early life stages of the brine shrimp, Artemia. Archives of 

Environmental Contamination and Toxicology 20: 247-252.  
 
Metals X (2016). Mining Proposal for Mt Henry, Part 1, Higginsville Gold Operations. Report prepared by Metals X, 

submitted to the Department of Environmental Regulation, WA Government. [Accessed 13th August 2020] 
https://www.der.wa.gov.au/images/documents/our-work/licences-and-works-
approvals/Applications/L9029ap6.pdf 

 
Meybeck, M., Kimstach, V. and Helmer, R. (1992). Strategies for water quality assessment. In: D. Chapman (ed) Water 

Quality Assessments: A Guide to the use of Biota, Sediments and Water in Environmental Monitoring. Chapman 
and Hall, London. 

 
Mindat.org (2018) Princess Royal Gold Mine, Norseman, Dundas Shire, Western Australia, Australia. Hudson Institute 

of Mineralogy. [Accessed 1st April 2020]  https://www.mindat.org/loc-266994.html  
 
Outback Ecology (2009). Development of Framework for Assessing the Cumulative Impacts of Dewatering Discharge 

to Salt Lakes in the Goldfields of Western Australia. Report prepared for the Department of Water, Western 
Australia. [Accessed 17th January 2020]  
https://www.water.wa.gov.au/__data/assets/pdf_file/0019/5149/102743.pdf 

 

Pennifold M (2018). Identifying Priority Species Within the South-western Australian Aquatic Invertebrate Fauna. 
Department of Biodiversity, Conservation and Attractions, Perth. [Accessed 14th August 2020] 
https://library.dbca.wa.gov.au/static/FullTextFiles/072273.pdf  

Pinder, A. M., Halse, S. A., McRae, J. M. and Shiel, R. J. (2005). Occurrence of aquatic invertebrates of the wheatbelt 
region of Western Australia in relation to salinity. Hydrobiologia 543: 1-24. 

 
Pulford, I. and Flowers, H. (2006). Environmental Chemistry at a Glance. Blackwell Publishing, Oxford, United 

Kingdom. 
 
Simpson, S. L., Batley, G. E., Chariton, A. A., Stauber, J. L., King, C. K., Chapman, J. C., Hyne, R. V., Gale, S. A., Roach, 

A. C. and Maher, W. A. (2005). Handbook for Sediment Quality Assessment. CSIRO, Bangor, NSW. 
 
Smith R., Jeffree R., John J., Clayton P. (2004). Review of Methods for Water Quality Assessment of Temporary 

Stream and Lake Systems. Unpublished report to the Australian Centre for Mining Environmental Research, 
Kenmore, Qld.  September 2004. 

 
Stantec (2018). B2018 Project: Ecological Assessment of Lake Lefroy and Peripheral Wetlands. Report prepared for 

St Ives Gold Mining Company Pty Limited. [Accessed 17th January 2020] 
http://www.epa.wa.gov.au/sites/default/files/PER_documentation2/Appendix%20O%20%28Ecological%20As
sessment%20of%20Lake%20Lefroy%20and%20Wetlands%29.pdf  

 
Stevenson, R.J. and Pan, Y. (1999). Assessing environmental conditions in rivers and streams with diatoms. In: E.F. 

Stoermer and J.P. Smol (eds) The Diatoms: Applications for the Environmental and Earth Sciences. Cambridge 
University Press, United Kingdom, pp 11-40. 

 
Roshier D.A. and Rumbachs, R.M. (2004). Broad-scale mapping of temporary wetlands in arid Australia. Journal of 

Arid Environments 56: 249 - 263.  
 
Taukulis, F. and John, J. (2006). Diatoms as ecological indicators in lakes and streams of varying salinity from the 

wheatbelt region of Western Australia. Journal of the Royal Society of Western Australia 89: 17-25. 
 
Timms, B.V. (2005). Salt lakes in Australia: Present problems and prognosis for the future. Hydrobiologia 552: 1-15. 
 

https://www.der.wa.gov.au/images/documents/our-work/licences-and-works-approvals/Applications/L9029ap6.pdf
https://www.der.wa.gov.au/images/documents/our-work/licences-and-works-approvals/Applications/L9029ap6.pdf
https://www.mindat.org/loc-266994.html
https://www.water.wa.gov.au/__data/assets/pdf_file/0019/5149/102743.pdf
https://library.dbca.wa.gov.au/static/FullTextFiles/072273.pdf
http://www.epa.wa.gov.au/sites/default/files/PER_documentation2/Appendix%20O%20%28Ecological%20Assessment%20of%20Lake%20Lefroy%20and%20Wetlands%29.pdf
http://www.epa.wa.gov.au/sites/default/files/PER_documentation2/Appendix%20O%20%28Ecological%20Assessment%20of%20Lake%20Lefroy%20and%20Wetlands%29.pdf


Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020   

 

55 

Timms, B. V., Datson, B. V. and Coleman, M. (2006). The wetlands of the Lake Carey catchment, northeast Goldfields 
of Western Australia, with special reference to large branchiopods. Journal of the Royal Society of Western 
Australia 89: 175 - 183.  

 
Timms, B.V. (2008). Further studies on the fairy shrimp genus Branchinella (Crustacea, Anostraca, 

Thamnocephalidae) in Western Australia, with descriptions of new species. Records of the Western Australian 
Museum 24(3): 267-306.  

 
Timms, B.V. (2009). A study of the saline lakes of the Esperance hinterland, Western Australia, with special reference 

to the roles of ground water acidity and episodicity. In: Oren, A. et al. (eds) Saline Lakes Around the World: 
Unique Systems with Unique Values, Natural Resources and Environmental Issues. Volume XV. S.J. and Jessie 
E. Quinney Natural Resources Research Library, Logan, Utah, USA: 214-224. 

 
Timms, B.V. (2010). Six new species of brine shrimp Parartemia Sayce (Crustacea: Anostraca: Artemiina) in Western 

Australia Zootaxa 2715: 1-35 
 
Timms, B.V. (2012). An Identification Guide to the Brine Shrimps (Crustacea: Anostraca: Artemiina) of Australia. 

Museum Victoria Science Reports 16: 1–36. 
 
Timms, B.V. (2014). A review of the biology of Australian halophilic anostracans (Brachiopoda: Anostraca). Journal 

of Biological Research-Thessaloniki 21(21). 
 
Timms, B.V. (2015). A revised identification guide to the fairy shrimps (Crustacea: Anostraca: Anostracina) of 

Australia. Museum Victoria Science Reports 19: 1–44. 
 
Umwelt (2018). Annual assessment of aquatic biota and riparian vegetation at Lake Cowan, December 2017. 

Unpublished report prepared by Umwelt (Australia) Pty Limited on behalf of Central Norseman Gold 
Corporation Pty Ltd. 

 
van Kerckvoorde, A., Trappeniers, K., Nijs, I. and Beyens, L. (2000). Terrestrial soil diatom assemblages from different 

vegetation types in Zackenberg (Northeast Greenland). Polar Biology 23: 392-400. 
 
Williams WD (1998) 'Guidelines of lake management, Vol. 6. Management of inland saline waters.' (International 

Lake Environment Committee, United Nations Environment Programme) 

Wolfe, A.P. (1996). Spatial patterns of modern diatom distribution and multiple paleolimnological records from a 
small arctic lake on Baffin Island, Arctic Canada. Canadian Journal of Botany 74: 435-449. 

 
WRM (2013). Lake Dundas Sediment Rehydration, Water Quality & Aquatic Fauna Surveys. December 2012 & 

February 2013. Unpublished final report by Wetland Research & Management to Panoramic Resources Limited. 
December 2013.  

 
WRM & Biota (2020). Norseman Gold Project: Annual assessment of aquatic biota and riparian vegetation at Lake 

Cowan, November 2019. Unpublished report to Pantoro South Pty Limited. April 2020.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020   

 

56 

 

 

 
 
 
 
 
 
  



Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020   

 

57 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDICES 
 



 Scotia Deposit: Lake Dundas Aquatic Biota Baseline Assessment 2020             

58 

Appendix 1. Photographs of playa sites sampled during July 2020 
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Appendix 2. ANZG (2018) default trigger values   

 
Table A2-1.  Default guideline values for physical and chemical stressors for south-west Australia for slightly disturbed 
ecosystems (Chl a = chlorophyll a, TP = total phosphorus; FRP = filterable reactive phosphorus; TN = total nitrogen; 
NOx = total nitrates/nitrites; NH3 = NH4+ = ammonium, DO = dissolved oxygen).   
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Table A2-2.  Water quality trigger values for toxicants. All values are mg/L.  ID = insufficient data to develop GV. 

 Trigger values for freshwater Trigger values for marine 

 Level of protection (% species) Level of protection (% species) 

Compound 99% 95% 90% 80% 99% 95% 90% 80% 

METALS & METALLOIDS         

Aluminium       pH > 6.5 0.03 0.03 0.06 0.08 ID ID ID ID 

Aluminium       pH < 6.5 ID ID ID ID ID ID ID ID 

Arsenic (As III) 0.001 0.001 0.02 0.09 ID ID ID ID 

Arsenic (As IV) 0.0009 0.0009 0.01 0.04 ID ID ID ID 

Boron 0.09 0.09 0.37 0.68 ID ID ID ID 

Cadmium 0.0001 0.0001 0.0002 0.0004 0.001 0.006 0.014 0.036 

Cobalt ID ID ID ID 0.00001 0.001 0.014 0.15 

Chromium (Cr III) ID ID ID ID 0.008 0.027 0.049 0.091 

Chromium (Cr VI) 0.00001 0.00001 0.001 0.006 0.0001 0.004 0.02 0.085 

Copper 0.001 0.001 0.0014 0.002 0.0003 0.001 0.003 0.008 

Iron ID ID ID ID ID ID ID ID 

Manganese 1.20 1.20 1.90 2.50 ID ID ID ID 

Mercury (inorganic) 0.00006 0.0006 0.0019 0.0054 0.0001 0.0004 0.0007 0.0014 

Molybdenum ID ID ID ID ID ID ID ID 

Nickel 0.008 0.008 0.011 0.013 0.01 0.07 0.20 0.56 

Lead 0.001 0.001 0.003 0.006 0.002 0.004 0.007 0.012 

Selenium (Se total) 0.01 0.01 0.01 0.02 ID ID ID ID 

Selenium (Se IV) ID ID ID ID ID ID ID ID 

Uranium ID ID ID ID ID ID ID ID 

Vanadium ID ID ID ID ID ID ID ID 

Zinc 0.0024 0.0024 0.008 0.015 0.007 0.015 0.023 0.043 

NON-METALLIC 

INORGANICS 

        

Ammonia 0.32 0.32 0.90 1.43 0.50 0.91 1.20 1.70 

Chlorine 0.0004 0.0004 0.003 0.006 ID ID ID ID 

Nitrate 0.02 0.02 0.70 3.40 ID ID ID ID 

Notes: 

ID = insufficient data to derive TV at the time guidelines were published. 

NP = not provided in the guidelines. 
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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 

 


