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Executive Summary 
Background and Objective 

Stantec Australia Pty Ltd (Stantec) was commissioned by Agrimin Limited (Agrimin) to complete a baseline 

aquatic ecology study (the Study) for the Mackay Potash Project (the Project). The Project comprises four 

Development Envelopes, which will support the production of sulphate of potash (SOP) fertiliser operation  
on Lake Mackay. The objective of the Study was to define the environmental values of Lake Mackay, its 

islands and peripheral wetlands, with the key findings to inform environmental impact assessment (EIA) for 

the Environmental Protection Authority’s (EPA) Inland Waters factor. The Study also included the 
consolidation of previous survey work, where relevant. 

The scope of the Study included the completion of a desktop review, several field surveys and undertaking 

a rewetting trial. The field survey component comprised five field trips; three during dry conditions in May 

2019 (field survey 1), August 2019 (field survey 2) and August 2020 (field survey 3), and two during flooded 

conditions in February 2021 (field survey 4) and March/April 2021 (field survey 5). A range of abiotic and 
biotic components were assessed during these field surveys across multiple sites on the Lake Mackay playa, 

islands and peripheral wetlands. This included sampling for water and sediment quality, algae and 

macrophytes, diatoms, aquatic invertebrates, waterbirds and riparian vegetation. Rewetting trials were also 

conducted in the laboratory to simulate flooded conditions and provide an indication of the resident biota 
inhabiting the lake and peripheral wetlands. 

Surface Water Quality 

Surface water quality at Lake Mackay and peripheral wetlands was strongly influenced by the hydroperiod  

during the Study. Under flooded conditions, the lake, island claypan and peripheral wetlands ranged from 

acidic to circumneutral (pH 6.4 to 6.7). Shifts in pH occurred as the hydroperiod progressed, with pH 
becoming more alkaline across the lake (up to 7.6) and peripheral wetlands (up to 9) (Table ES-1). Salinity 

varied across Lake Mackay during flooding, ranging from hyposaline (29,800 µs/cm) to hypersaline 

(131,000 µs/cm), with an average of 58,400 µs/cm (comparable to saltpans on the lake margins), increasing 

substantially throughout the hydroperiod due to evapoconcentration. The freshwater and island claypans 
had much lower salinities of less than 3,000 µs/cm throughout the hydroperiod (Table ES1). 

Nutrient concentrations were generally low in the surface water at Lake Mackay under flooded conditions, 

in comparison to peripheral wetlands and the island claypan (Table ES1). Elevated total nitrogen and total 

phosphorus was likely associated with allochthonous inputs from riparian vegetation to the periphera l 
wetlands and island claypan. Dissolved metal concentrations in the lake were also typically low (Table ES1), 

likely due to limited transport pathways for deposition of mineralised sediment from the catchment. In 

contrast, dissolved metals were higher at the peripheral wetlands, with aluminium, chromium, cobalt, 

copper, iron, lead, selenium and zinc exceeding their respective ANZG (2018) DGVs for marine and 

freshwaters. Naturally elevated background concentrations of these metals are likely related to differences 
in local geology throughout the region. 

Sediment Quality 

Similar to water quality, sediment quality at Lake Mackay varied according to the hydroperiod during the 

Study. Sediment pH at the lake ranged from neutral to alkaline (pH 6.6 to 8.1) in dry conditions, trending to 
alkaline during flooding (pH 7.4 to 7.9). Similarly, pH at the peripheral wetlands was neutral to alkaline when 

dry (7.3 to 8.4); however, was more variable during flooded conditions (pH 5.4 to 8.5) (Table ES1). Sediment  

salinity at the lake was relatively high when dry (up to 179,000 mg/kg), with dilution during flooding 

substantially reducing concentrations (maxima of 58,100 mg/kg). A similar trend was evident at periphera l 

wetlands, with salinity ranging from up to 302,000 mg/kg during dry conditions, and decreasing to less than 
50,000 mg/kg when inundated. In comparison, the salinity of the island claypan was substantially lower in 
flood (<650 mg/kg) (Table ES1).  

Nutrient concentrations in the sediments of Lake Mackay and peripheral wetlands were also higher during 
dry conditions (Table ES1). The peripheral wetlands also had greater variability, with higher nutrients recorded 

at the peripheral wetlands and and island claypan, attributed to allochthonous inputs and decomposit ion 

of aquatic biota during flooding. Concentrations of total metals in the sediments of Lake Mackay, the island 

claypan, and peripheral wetlands were generally low throughout the surveys, with no exceedances of ANZG 
(2018) DGVs. Where detected, metal concentrations were typically lower and more uniform throughout the 
lake (Table ES1), compared to the peripheral wetlands, due to differences in local catchment geology.  
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Algae and Macrophytes 

A total of 42 algal taxa were recorded during the Study, which are all known more broadly from inland 

waters throughout Australia (Table ES1). Lake Mackay supported the majority of these taxa (37), compared 

to the peripheral wetlands (25 taxa). Three phyla were represented across these waterbodies, dominated 

by Bacillariophyta (diatoms), while Chlorophyta (green algae) and Cyanophyta (cyanobacteria ) 

contributed to algal composition to a lesser degree. Diatom taxa such as Hantzschia sp. aff. baltica and 
Navicula sp. aff. incertata were prevalent across both the lake and peripherals wetlands, considered 
important primary producers in salt lakes within the benthos.  

Filamentous cyanobacteria, comprising taxa such as Nodularia and Phormidium (Table ES1), were most  

common in Lake Mackay during the rewetting trials, with green algae commonly associated with 

freshwaters, generally depauperate. No submerged macrophytes were observed during flooded conditions, 

although, the oospores (resting stages) of salt tolerant and freshwater charophytes (large green algae) were 

recorded from the freshwater claypans and saltpans. Water quality was considered to be the main driver of 
algal composition, specifically salinity and nutrients. Low salinities and high nutrients are l ikely to increase the 
diversity and growth of algae in the lake during the early onset of major floods.  

Diatoms 

A total of 25 diatom taxa were recorded during the Study, across the rewetting trials and flooded conditions  

(Table ES1). The diatom assemblage of the lake and peripheral wetlands was characterised by halophilic 
and aerophilic taxa comprising Amphora, Navicula and Hantzschia representatives. There were no 
signifcant taxa identified, with all of the species also known from other salt lakes throughout Australia. 

Species diversity was slightly lower in the lake, compared to the peripheral wetlands (17 and 21 taxa, 

respectively), although both were dominated by common saline water taxa ; Amphora coffeaeform i s, 

Navicula sp. aff. incertata, Hantzschia sp. aff. baltica (Table ES1). The freshwater claypans showed greater 

variability attributed to differing water quality and substrate availability, supporting species reflective of 
these conditions, including Pinnularia, Achnanthidium, Neidium  and Stauroneis representatives. 

Lake Mackay generally had a higher diatom abundance during the rewetting trials and flooded conditions 

of the Study, driven by the dominance of a small number of salt tolerant taxa  (Table ES1). In contrast, the 

abundance of diatoms in the peripheral wetlands was considered patchy, with diatoms absent from some 
sites, which may reflect adverse substrate type or conditions. 

Aquatic Invertebrates 

In total, 53 aquatic invertebrate taxa have been identified from Lake Mackay, the islands and the periphera l 

wetlands (Table ES1), based on consolidated data from rewetting trials and surveys conducted during 
flooding, including previous studies. These taxa belonged to five higher level taxonomic groups including 

Insecta, Bivalvia and the crustacean classes of Branchiopoda, Maxillopoda and Ostracoda. The total 

number of taxa represented approximately 90% of predicted species richness for the lake and periphera l 
wetlands.  

Lake Mackay was characterised by a relatively low diversity of aquatic invertebrates, with 13 taxa recorded 

from the playa, based on all previous surveys (Table ES1). Surface water salinity was identified as the key 

factor influencing the assemblage. During the flooded conditions of this Study, the diversity at most sites 

ranged from two to four taxa, corresponding to the predominantly mesosaline conditions. This also aligned 
with the limited diversity recorded during rewetting trials and the assessment of the invertebrate egg bank. 

The aquatic invertebrate community of Lake Mackay was generally dominated by halophilic branchiopods 
and copepods. This included the anostracan (brine shrimp) Parartemia laticaudata (Table ES1). This is a 

widespread species in WA, which represented a major component of the invertebrate community during 

flooded conditions and also hatched during rewetting trials. The broadly distributed cyclopoid copepod 

Meridiecyclops platypus was another taxon frequently recorded from the lake under flooded conditions, 

while the notostracan (shield shrimp) Triops australiensis and several ostracod (seed shrimp) species were 
also common. The latter also hatched during rewetting trials and was a dominant component of the 
invertebrate egg bank within the lake sediment. 

The total diversity of the peripheral wetlands was substantially higher than Lake Mackay, with 45 aquatic 

invertebrate taxa recorded, reflecting the heterogeneous conditions. Insect taxa were the most speciose 

group, followed by branchiopods and ostracods, while Maxillopods (copepods) and bivalves contributed 

to a lesser extent (Table ES1). The diversity and composition of the peripheral wetlands varied, in response to 

differences in water quality, substrate, and allochthonous inputs, with the assemblage typically distinct from 
Lake Mackay. This was primarily in response to the low surface water salinities, with the island claypan also 

aligned with the peripheral wetlands. The peripheral wetlands supported a higher proportion of op portunist ic 

insect taxa, while Branchinella was the dominant anostracan and diplostracans from the orders Cladocera  
(water fleas) and Spinicaudata (clam shrimp), as well as ostracod species were also recorded.  
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Lake Mackay supports a relatively low diversity of aquatic invertebrate taxa, primarily comprising common 

and widespread halophilic taxa, along with a limited number of new species. New taxa consisted of resident  

crustacean groups of mostly ostracods, with a minor number of spinicaudatans. They are currently only 
known from the lake, or the lake and peripheral wetlands, however, are considered widespread throughout  

the area. As the primary ephemeral salt lake in the region, the lake represents important habitat for aquatic 

invertebrates during major flood events, which in turn provide a food source for waterbirds. The periphera l 

wetlands contain a higher diversity of aquatic invertebrates, some of which have also been identified as 
new and/or potentially restricted. 

Riparian Vegetation 

Two habitat types have been identified with the riparian zone comprising the lake/island margins and saline 

peripheral wetlands (saltpans), with the latter comprising a similar assemblage to the lake fringe. Vegetation 

within the riparian zone is dominated by chenopod shrubland, comprising three broad floristic formations, 

associated with three vegetation types, characterised by halophytic genera including  Tecticornia,  
Frankenia and Eragrostis (Table ES1). 

The consolidated dataset including the results from this Study identified a total of 96 flora taxa from 25 

families, recorded from Lake Mackay, the islands and peripheral wetlands. Chenopodiaceae was the most  
diverse family (21 taxa) and Tecticornia aff. calyptrata was the most widespread verified taxon (Table ES1), 

occurring throughout the region. Frankenia cordata and Lawrencia viridigrisea were also common and 

widespread. One introduced taxon, *Tribulus terrestris (Caltrop), was also recorded during the Study. There 

were also several taxa of significance and other significance identified, comprising affinities and range 
extensions. 

Riparian vegetation plant density, cover and health was variable during the Study, although was considered 

comparable between Lake Mackay, the islands and peripheral wetlands (Table ES1). These indices were 
only recorded during predominantly dry conditions, with recruitment and improved plant health likely to 

occur following substantial rainfall events. 

There were 17 Tecticornia taxa (samphires) identified from the riparian vegetation zone of the lake, islands 

and peripheral wetlands (Table ES1), representing approximately 85% of predicted species richness. 

Nine taxa were recorded on the lake margins, 13 on the islands, and two on the margins of the periphera l 

wetlands. Three of these taxa (Tecticornia halocnemoides, Tecticornia halocnemoides subsp. longispicata  

and Tecticornia indica subsp. leiostachya) are common and/or widespread, while the remaining taxa were 
priority species, or taxa of other significance (affinity taxa or range extensions). Eight taxa were also sterile 

and were likely to belong to one of the verified Tecticornia taxa. None of the Tecticornia taxa identified from 

the lake, islands and peripheral wetlands have a locally restricted distribution, and occur more broadly 

throughout the area, or across bioregions. 

Significant Taxa and Summary of Ecological Values 

Lake Mackay is a predominantly dry, highly episodic saline playa, that when inundated, supports a relatively 

low number of resilient, halophytic aquatic biota, comparable to other inland salt lakes throughout Australia. 

Peripheral wetlands comprise larger saltpans, with similar characteristics to the playa (Table ES1). While the 

island claypans and freshwater claypans are more diverse, most of the taxa recorded from the lake and 
peripheral wetlands are considered widespread, having been documented from regional salt lakes in WA.  

During this Study, the algae and diatom communities comprised common, ubiquitous, and cosmopolitan 

genera and species, with no significant taxa recorded, and a high degree of similarity was evident in the 
community structure from the playa and saltpans. Aquatic invertebrate communities were more variable, 

with higher diversity in the freshwater claypans, attributed to a broader range of habitat types. Ten 

potentially new were taxa identified, comprising two spinicaudatans and eight ostracods (Table ES1). Two 

of these taxa were widespread throughout the playa and likely occur across the border into the NT, which 

will not be impacted by the Project. The peripheral wetlands to the south of the lake, which will not be 
impacted by the Project, also support eight potentially new aquatic invertebrate species (two 
spinicaudatan and six ostracod taxa). 

The productivity of algae, diatoms and aquatic invertebrates throughout the lake and peripheral wetlands 

during flooded conditions provides important foraging conditions, as well as breeding habitat for waterbirds. 

One threatened waterbird species (Australian Painted Snipe; endangered) and up to eight migratory 

waterbird species have been recorded from Lake Mackay and surrounds during field surveys (Table ES1). 

Suitable breeding conditions occur for waterbirds, specifically Banded Stilts during inundation events that 
last for >65 days, with only six of these events recorded since 2000. The largest of inundation events only 

occur on average, once every 20 to 50 years. The longer duration events create prolonged inundation on the 
lake and drive large congregations of birds (>10,000) to the lake, allowing for multiple breeding cycles.   
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Increased productivity during the smaller inundation events is associated with areas of the lake on the WA side 

that hold water, corresponding to small pockets including the north-western arm and central southern area of 

the lake adjacent to a small island. The predominant area of the lake with the greatest water retention time 
is the south-eastern portion of the lake, although it is likely the NT side holds water for longer (Table ES1), and 
may therefore provide higher ecological values, particularly for waterbirds.  

Regardless, the south-eastern extremity on the WA side of Lake Mackay is important in providing deeper, 
stable conditions for aquatic biota and waterbirds during the largest flood events. Lower salinities at the 

beginning of the hydroperiod provide a cue for aquatic biota to emerge, providing a food source for higher 

order consumers including waterbirds (boom phase). During these initial stages, water quality conditions are 

relatively homogenous, with salinities increasing as water levels recede, before drying completely (bust 

phase). When inundated, aquatic biota (algae and aquatic invertebrates) mature and reproduce, 
replenishing the egg bank, contributing to the recovery of the lake and peripheral wetlands during the next  
flood event. 

The riparian zone of the lake, islands and peripheral wetlands host a flora assemblage characterised by 

chenopods and dominated by samphires (Table ES1). Tecticornia are likely to be supported by fresh and low 

salinity water associated with the vadose zone (as opposed to hypersaline groundwater). One taxon of 

significance was identified from a landform island on Lake Mackay; Tecticornia globulifera (P1), which was 

also a range extension. In addition, several Tecticornia taxa were of other significance, comprising another 
three range extensions and two affinity species. These taxa were widespread within the riparian zone of the 
lake and islands and were not considered to be restricted. 

Lake Mackay is predominantly dry, however, as with all inland wetlands in the arid zone of Australia, is subject  

to a boom phase during major floods. During the largest of these events (equivalent to 1:20 or 1:50 year 

events), the ecological values of the lake are considered highest, due to reduced surface water salinities. 

The lake, islands and peripheral wetlands support a diverse and abundant array of aquatic biota and 

waterbirds, while samphires in the riparian zone also flower prolifically under these conditions. In the last 20 
years, however, rainfall and smaller inundation events at the lake have also become more frequent, likely 

attributed to climate change, with more intensive rainfall occurring during the wet season. These events 

tend to lead to partial filling of the lake only, with resulting elevated salinities limiting ecological values, which 
often exceed the tolerance limits required for the emergence of aquatic biota. 
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Table ES1: Summary of key findings and ecological values of Lake Mackay and peripheral wetlands during the Study (including consolidated datasets and the desktop review on waterbirds). 

Ecological 

Aspects 
Key Findings and/or Ecological Values Dominant Taxa 

Total 

Taxa 

Lake 

Mackay 

Taxa 

Peripheral 

Wetland 

Taxa 

Island 

Claypan 

Taxa 

Taxa of Scientific/Other Interest Taxa of Significance  

Surface 

Hydrology 

• Lake fills entirely (~2m depth) on average once 

every two to 10 years 

• Lake holds surface water longest in southeast 

portion WA, due to topographic relief 

• Saltpans similar characteristics to playa, while 

freshwater claypans differ 

• N/A • N/A • N/A • N/A • N/A • N/A • N/A 

Water Quality 

• Lake Mackay slightly acidic and hyposaline to 

mesosaline, trending alkaline and hypersaline as 

the hydroperiod progresses  

• Nutrient and metals levels relatively low and 

homogenous 

• Peripheral wetlands generally fresh, with higher 
and more variable nutrient and metals levels 

compared to the lake 

• N/A • N/A • N/A • N/A • N/A • N/A • N/A 

Sediment 

Quality 

• Lake Mackay acidic to neutral during dry 

conditions, trending moderately alkaline during 

inundation 

• Moderate to high salt loads and nutrient levels 

within Lake Mackay and peripheral wetlands, 

diluting substantially under flooded conditions 

• Metals below ANZG (2018) DGVs 

• N/A • N/A • N/A • N/A • N/A • N/A • N/A 

Algae and 

Macrophytes 

• Diatoms and blue-green algae dominant at Lake 

Mackay and peripheral wetlands, typical of 

temporary salt lakes 

• No true macrophytes recorded, though the spores 

of freshwater charophytes (large green algae) 

recorded at some peripheral wetlands 

• Hantzschia 

• Navicula 

• Nodularia 

• Phormidium 

• Amphora 

• 42 • 37 • 25 • N/A • None • N/A 

Diatoms 

• Assemblages at Lake Mackay and peripheral 
wetlands characterised by halophilic and 

aerophilic taxa, typical of inland saline waters 

• Greater diversity at freshwater claypans attributed 

to differing water quality and substrate type, 

supporting additional species reflective of these 

conditions 

• Amphora coffeaeformis 

• Hantzschia sp. aff. baltica 

• Navicula sp. aff. incertata 

• 25 • 17 • 21 • 5 • None • N/A 

Aquatic 

Invertebrates* 

• Relatively low diversity at Lake Mackay, 

generally dominated by common, halotolerant 

crustacean taxa  

• Higher diversity in the peripheral wetlands, 

comprising a resident crustacean community, 
opportunistic taxa (insects) and a single bivalve 

taxon 

• Greater variability in community composition 

between sites for peripheral wetlands compared 

to Lake Mackay, reflecting range of habitats, 

water quality and allocthonous inputs 

• Parartemia laticaudata 

• Meridiecyclops platypus 

• Branchinella 

• Ozestheria spp. 

• Triops australiensis 

• Eretes australis 

 

 

• 53 • 13 • 45 • 5 

Clam shrimp 

• Ozestheria sp. STC13 

• Ozestheria sp. STC14   

Ostracods 

• ?Ampullacypris `BOS1510  

• Bennelongia `BOS1520`  

• Billcypris n.sp. `BOS1509`  

• Heterocypris `BOS1515` 

• Ilyodromus `BOS1514`  

• Mytilocypris `BOS1521` 

• Reticypris `BOS1371`  

• Riocypris `BOS1522`  

 

 

 

 

 

• N/A 
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Ecological 

Aspects 
Key Findings and/or Ecological Values Dominant Taxa 

Total 

Taxa 

Lake 

Mackay 

Taxa 

Peripheral 

Wetland 

Taxa 

Island 

Claypan 

Taxa 

Taxa of Scientific/Other Interest Taxa of Significance  

Riparian 

Vegetation* 

• Composition dominated by chenopods 

• Assemblage typical of salt lake riparian 

vegetation 

• No declared rare flora or weeds 

Confirmed taxa 

• Tecticornia aff. calyptrata (NT 

form) 

• Frankenia cordata 

• Lawrencia viridigrisea 

• 96 • 77 • 16 • 45 

Range extensions 

• Tecticornia globulifera (P1) – 

Category A / Category B 

• Tecticornia pergranulata 

subsp. elongata – Category 

B 

• Tecticornia tenuis – 

Category B 

• Tecticornia sp. Dennys 

Crossing (K.A. Shepherd & J. 

English KS 552) –Category B 

Affinity species  

• Tecticornia aff. calyptrata 

(NT form) 

• Tecticornia aff. 

halocnemoides subsp. 

longispicata [M. Stone 

LM01.04] 

Sterile material 

• Tecticornia spp. (1-8) 

• Tecticornia globulifera (P1)  

Waterbirds 
• Lake, island formations and peripheral claypans 

provide important foraging and/or breeding 

habitat post flood 

• Banded Stilts (Cladorhynchus 

lecocephalus) 

• Black-winged Stilts (Himantopus 

himantopus) 

• Red-necked Avocets 

(Recurvirostra novaehollandiae) 

• Whiskered Tern (Chlidonias 
hybrida) and/or White-winged 

Black Tern (Chlidonias 

leucopterus) 

• Sharp-tailed Sandpiper (Calidris 

acuminata) 

• 34 • N/A • N/A • N/A • N/A 

Threatened species 

• Australian Painted Snipe 

(Rostratula australis) 

Migratory species 

• Gull-billed Tern (Gelochelidon 

nilotica) 

• White-winged Black Tern 

(Chlidonias leucopterus) 

• Glossy Ibis (Plegadis falcinellus) 

• Gull-billed Tern (Gelochelidon 

nilotica) and/or Caspian Tern 

(Hydroprogne caspia) 

• Common Greenshank (Tringa 

nebularia) 

• Red-necked Stint (Calidris 

ruficollis) 

• Sharp-tailed Sandpiper (Calidris 

acuminata) 

• Marsh Sandpiper (Tringa 

stagnatilis) 

Note: * indicates taxa diversity figures are based on consolidated datasets including previous surveys. 
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1. Introduction 
1.1 Project Background 

Agrimin Limited (Agrimin) are proposing to develop the Mackay Potash Project (the Project) into a fertiliser 

Sulphate of Potash (SOP) operation. The Project is located on Lake Mackay, approximately 450 km south of 
Halls Creek (Figure 1-1). It comprises 12 tenements totalling 4,370 km2 across the lake, constrained in the east 
by the Western Australian (WA) and Northern Territory (NT) border.  

Agrimin propose to extract hypersaline groundwater within the lakebed sediments, via a network of shallow  
trenches that will extend to a depth of 4.5 m below the surface. Groundwater will flow along these trenches 

into a series of evaporation ponds located in the western part of the lake, to precipitate SOP-bearing salts. 

The salts will be wet harvested and pumped to an adjacent process plant, producing SOP as dry granula r 
product, with distribution via a proposed port facility in Wyndham. 

The Project has a Definitive Feasibility Study (DFS) operational plan for a 20-year mine life, comprising an 

average brine extraction volume of 865 GL per annum at an average potassium grade of 2,820 mg/L. There 

is also a process and potable water demand of 3.2 GL/annum, supplied from a proposed borefield south of 
the lake. Construction is expected to commence in 2021, with SOP production scheduled for 2023.  

The Proposal Area for the Project covers a large area (263,675 ha) across two bioregions and encompasses 
four Development Envelopes (Figure 1-2) as follows: 

• Lake and surrounds: the WA portion of Lake Mackay and its local surrounds, which totals 410,057.51 ha. 
This section encompasses three Development Envelopes: 

○ On-LDE: On Lake Development Envelope; 

○ Off-LDE: Off Lake Development Envelope; and 

○ SIDE: Southern Infrastructure Development Envelope. 

• Haul road corridor: a linear corridor for the proposed haul road that is 350 km long and 1 km wide, which 

totals 33,927.86 ha. The corridor extends from the western margin of Lake Mackay to the Tanami Road 

(north of the township of Balgo). This section encompasses one Development Envelope: 

○ NIDE: Northern Infrastructure Development Envelope. 

Stantec Australia Pty Limited (Stantec), were commissioned by Agrimin to undertake an Aquatic Ecology 
Baseline Study (the Study) of Lake Mackay (Study Area), its islands and peripheral wet lands, with riparian 

vegetation also assessed in these areas (Figure 1-2). The Study comprised five Stantec-led surveys, which 

were completed across multiple seasons in dry and flooded conditions. Previous surveys were also 
considered, with relevant data and information consolidated and presented as part of the Study. 

1.2 Objective and Scope 

The objective of the Study was to define the environmental values of Lake Mackay, the islands and 

peripheral wetlands, to inform environmental impact assessment (EIA) for the Environmental Protection 

Authority’s (EPA) Inland Waters factor and the Project’s Environmental Review Document (ERD). The following 
scope of work was undertaken: 

• desktop review, of existing information on Lake Mackay and comparable regional habitats;  

• ecological assessment (field surveys) of the lake, islands and peripheral wetlands (abiotic and biotic 
components) and riparian vegetation during dry conditions; 

• collection of surficial sediments from the lake, islands and peripheral wetlands during dry conditions for 
rewetting trials, to simulate flooded conditions in the laboratory; 

• ecological assessment (field surveys) of the lake, islands and peripheral wetlands (abiotic and biotic 
components) and riparian vegetation during flooded conditions; 

• investigation of potential communities and species of significance inhabiting the lake, islands and 
peripheral wetlands, in relation to hydrological processes; and 

• characterisation of important ecological habitats within the lake and peripheral wetlands, within a 
regional context. 
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Figure 1-1: Regional location of the Project in relation to other deposits and nature reserves.  
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Figure 1-2: The four Development Envelopes of the Project. 
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The structure of this report is separated into two distinct components to address the objective and the scope 
of work: 

• Desktop Review – summary of the most recent, available data and information on the lake, islands and 

peripheral wetlands including aquatic biota, waterbirds and riparian vegetation, outlining areas, 
communities and species of significance; and 

• Ecological Assessment – synthesis of dry and flooded condition sampling results, to characterise surface 

water and sediment quality, aquatic biota and riparian vegetation, consolidating previous survey data 
and information where relevant.  

1.3 Guidance and Legislation 

The Study was undertaken in accordance with relevant legislation and regulatory guidelines. These included, 
albeit were not limited to: 

• Environmental Factor Guideline – Inland Waters (EPA 2018); 

• Goldfields Environmental Management Workshop: DWER’s Approach to Assessment of Mine Dewatering 

Discharge to Salt Lakes and Claypan Environments (Department of Water and Environmental Regulation 
2018); and 

• Assessing and Managing Water Quality in Temporary Waters (Smith et al. 2020).  

The Study also adhered to relevant technical guidance for flora and terrestrial vertebrate fauna,  where 
applicable to the Inland Waters factor, including: 

• Environmental Factor Guideline – Terrestrial Flora and Vegetation (EPA 2016a); 

• Technical Guidance – Flora and Vegetation Surveys for Environmental Impact Assessment (EPA 2016d); 

• Environmental Factor Guideline – Terrestrial Fauna (EPA 2016c); 

• Technical Guidance – Sampling Methods of Terrestrial Vertebrate Fauna (EPA 2016e); 

• Technical Guidance – Terrestrial Fauna Surveys (EPA 2016f); and 

• Technical Guidance – Terrestrial Vertebrate Fauna Surveys for Environmental Impact (EPA 2020). 

2. Existing Environment 
2.1 Biogeographical Context 

The Interim Biogeographic Regionalisation for Australia (IBRA) is a bioregional framework that divides 
Australia into 89 biogeographic regions and 419 subregions on the basis of climate, geology, landforms, 

vegetation and fauna (Thackway and Cresswell 1995). It was developed through collaboration between 

state and territory conservation agencies with coordination by the Commonwealth Department of the 

Environment, Water, Heritage and the Arts (now the Commonwealth Department of Agricu lture, Water and 
the Environment; DAWE). 

The Study Area is located within the Mackay subregion (GSD2) of the Great Sandy Desert  (GSD) bioregion  

(Logsdon et al.) (Figure 2-1). The GSD is characterised by gently undulating plains dominated by longitudina l 

dunes of varying frequency, comprising tree-steppe degrading to shrub-steppe in the southeast and open 
hummock grasslands with scattered trees (Owenia reticulata, Eucalyptus spp.) and shrubs (Acacia spp. and 

Grevillea spp.) (Beard 1990). The Great Sandy Desert extends from the WA/NT border, west to within 

approximately 25 km of the coast, with the GSD2 subregion spanning to within 80 km of the coast. The GSD2 

subregion comprises 18,636,695 ha within the GSD, encompassing palaeodrainage systems including salt-
lake chains with samphire low shrublands, and areas of sand dune fields over sandstones (Kendrick 2001). 

The landscape includes laterised uplands that support Acacia shrublands over Triodia pungens hummock  
grass (Kendrick 2001). 
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Figure 2-1: Location of Lake Mackay, within the Great Sandy Desert bioregion. 
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2.2 Climate 

The GSD2 subregion has an arid tropical climate, with two distinct seasons. The wet season occurs from 

October to March and is characterised by very hot conditions, during which most of the annual rainfall is 

received, associated with thunderstorm activity, tropical lows and occasional cyclones. The dry season 
occurs from April to September, which is the coolest and driest period of the year.  

The nearest operating Bureau of Meteorology (BoM) weather station with relevant long-term and recent  

climatic data is Walungurru Airport (station number 015664), located approximately 80 km south-east of the 
Study Area (BoM 2019). The long-term (2002-2020) mean annual rainfall recorded at Walungurru Airport is 

270 mm. Most rainfall is recorded during the wet season from December to March, with the former having 

the highest monthly average rainfall (60 mm) (Figure 2-2). January and February are the hottest months of 

the year, with daily maximum temperatures regularly exceeding 35⁰ C, while June and July are the coolest  
months of the year, with minimum temperatures falling below 15⁰ C (Figure 2-2). 

Rainfall can vary markedly from year to year, depending on the strength of monsoonal systems and cyclone 

activity during the wet season. While there are no available records for Walungurru Airport  prior to 2001, the 

next nearest weather station, Baglo Hills (more than 250 km north of Lake Mackay), indicates that 2000 and 
2001 were the wettest years in the last 21 years, with more than 760 mm of rain recorded annually (Figure 

2-3). At Walungurru Airport, above average (270 mm) rainfall conditions have occurred in 2003 to 2006, 2010 

and 2011, 2014, 2016 and 2017 (Figure 2-3). In comparison, conditions from 2018 to 2020 were relatively dry 
with only 30 mm of rainfall recorded at Walungurru Airport in 2019 (Figure 2-3). 

Agrimin also installed a weather station on the edge of Lake Mackay in 2017. In 2019 and 2020, Lake Mackay 

received 39 mm and 138 mm (although records are patchy), compared to 30 mm and 132 mm at 

Walungurru Airport, respectively (Figure 2-4). This was well below the annual average for the Walungurru  
Airport, and lake conditions remained predominantly dry. However, in December 2020 and February 2021, 

above average monthly rainfall was recorded at both the Lake Mackay weather station and Walungurru  

Airport (Figure 2-4). Specifically, more than 130 mm was recorded at Lake Mackay during the latter period  
(Figure 2-4). This led to inundation of the lake, with opportunistic flood surveying underta ken. 

 

Figure 2-2: Long-term mean rainfall (■) and mean maximum (▲) and minimum (▲) temperature (1998-2021) 
recorded at Walungurru Airport (Station No. 15664).  
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Figure 2-3: Annual rainfall recorded at Balgo (■) and Walungurru Airport (■) compared to the 
Walungurru Airport long-term annual average rainfall (■) (* indicates that dataset is incomplete). 

 

Figure 2-4: Monthly rainfall recorded at the Lake Mackay weather station (■) and Walungurru  
Airport (■), compared to the Walungurru Airport long-term monthly average rainfall (■).  
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2.3 Geology 

Lakebed sediments are the primary geological unit within the On-LDE for the Project. The lakebed sediment  

sequence varies in composition from east to west due to varying depositional processes, while the islands 

have a different geological composition. The geology of the lake, islands and peripheral wetlands 
(predominantly based on drill logs) can be summarised as follows: 

• Lake: 

o West lake portion characterised by a distinct white evaporite crust  (halite; <5 mm) often underlain  

by a dark grey organic bed or laminations within a red-brown clay matrix and typically interspersed 
with gypsum crystals of varying grain sizes (Plate 2-1); and 

o East lake portion characterised by a variably cemented, white-brown, evaporitic crust (50 mm to 

100 mm thick), largely comprised of halite and gypsum underlain by a sequence of largely 
unconsolidated and damp gypsum sand (Plate 2-1). 

• Islands: varying geological composition according to size, topography and location on the lake. Larger 

islands in the eastern portion of the lake and are dominated by aeolian deposited siliceous and 

gypsiferous sands and chemically precipitated calcrete, transitioning to red clayey mud (>4 m). 
Numerous smaller islands populate the western portion of the lake and are dominated by gypsiferous 
sands. 

• Peripheral Wetlands: typically flat and compact, baring ferruginous pisolitic pebbles scattered at the 

surface, with shallow excavation returning poorly sorted interbedded sand and pebbles in a red -brown 
clay dominated matrix. 

 

Plate 2-1: Surface and sub-surface geology in the western (A, B) and eastern (C, D) parts of Lake Mackay. 

 

  

A
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2.4 Groundwater 

A conceptual hydrogeological model (Figure 2-5) was developed for Lake Mackay, informed by extensive 

geophysical surveys, drilling and hydrogeological investigations completed across the lake. The lake’s 

groundwater table occurs on average 0.5 mbgl. Groundwater monitoring has also shown levels vary between 

0.1 mbgl to 1.1 mbgl during the wet and dry seasons. Groundwater salinity is classified as hypersaline, typically 
ranging from 100,000 mg/L to 300,000 mg/L. Groundwater associated with the lake and islands can be 
summarised as follows: 

• Lake: 

o West lake portion characterised by relatively low infiltration rates (ranging from 1.8 mm/h to 

42 mm/h) (Stantec, 2020), low hydraulic connectivity (ranging from 0.46 m/day to 5.22 m/day) 
(Stantec 2019), and salinity ranging from 109,000 mg/L to 270,000 mg/L; and 

o East lake portion characterised by high infiltration rates (ranging from 1280 mm/h to 5750 mm/h) 
(Stantec 2020b), high hydraulic conductivity (ranging from 6.7 m/day and 200 m/day) (Stantec 
2019), and salinity ranging from 210,000 mg/L to 255,000 mg/L; and 

• Islands: more prevalent in the east of the lake, becoming progressively less common in the west (absent 
in the western third of the lake). The largest islands host lower salinity groundwater in the porous 

gypsiferous sands (salinity typically ranging from 5,000 mg/L to 60,0000 mg/L), and most likely recharged 
by rainfall. 

Recharge to the lake is predominantly from direct rainfall onto the surface. Surface water contributions from 

the immediate catchment areas surrounding the lake are infrequent and only occur as a result of significant  

rainfall events. As the lake is a terminal drainage point for surrounding watershed, discharge is solely from 
evaporation and evapotranspiration. 

2.5 Topography and Catchment 
Lake Mackay is the fourth largest salt lake in Australia and the largest in WA, covering an area of 

approximately 3,500 km2, extending more than 100 km east-west and 80 km north-south. The topography of 
Lake Mackay and surrounds is subdued and flat. Lake bed elevations range from approximately 360 mAHD 

in the east to 364 mAHD in the west. This corresponds to the deepest parts of the basin that are located in 

the south-eastern extremities during inundation, while the western half of the lake is comparatively shallow. 

The eastern portion of the lake is also characterised by more than 270 islands varying in size from less than 

100 ha to >2,000 ha. The largest of these, classified as landform islands, are more than 10 m in height above 
the surface of the playa and support a diverse range of geology and biodiversity (Stantec 2020c). 

A comprehensive surface water assessment (Stantec 2020a) determined that the total catchment area of 

Lake Mackay is approximately 87,000 km2, of which only 20% is considered effective. The catchment 
stretches more than 550 km east of the lake into the MacDonnell Ranges and comprises three 

sub-catchments (Figure 2-6). The east to west drainage line is uncoordinated along its length, comprising 

hundreds of small playas that superficially resemble a river flow path, although a dune system significant ly 

impedes surface water movement. Flow paths meander longitudinally along the dunes, with surface water 
movement only likely to occur at topographic lows. 
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Figure 2-5: Conceptual hydrogeological model for Lake Mackay (Source: Agrimin). 
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2.6 Surface Hydrology 
Lake Mackay lies within the internally draining Mackay Basin. The lake is a closed system with no outflow or 

historic evidence of spilling into adjacent lakes. There are small ephemeral creeks and watercourses along 

the margins of the lake that drain the surrounding landscape and potentially contribute surface water runoff 

to the lake during periods of extreme rainfall. These features are localised and tend to be more common in 
the southeast portion of the lake. There are no major channels that appear to reach the lake (Stantec 
2021e). 

The lake is predominantly dry and is rarely subject to inundation. The northern and western portions of the 

lake are less likely to hold water, attributed to lower infiltration rates and higher surface elevation. In 

comparison the south-east portion of the lake coincides with lower infiltration rates and topographic 

elevation. Rainfall events of approximately 30 mm typically occur several times throughout the year (Stantec 

2020), resulting in the formation of isolated, pooled surface water usually within the southern half of the lake. 
However, these shallow bodies of water (<0.1 m) are strongly influenced by prevailing winds, infiltration, and 
evaporation, rarely persisting on the lake for longer than a few days (Agrimin, pers. comm. 2020).  

More widespread inundation occurs in response to large rainfall events, which are unreliable. While 
extended dry conditions can prevail, storms and cyclones that move inland from the northern coastline of 

WA have the potential to generate intensive rainfall, particularly during the wet season. Given the size of the 

catchment and surface area of the lake, peak inflows generally result from longer duration storms (three to 

four days of storm activity). During peak flows there are some areas of concentrated flow between islands 
and/or, where inflow from external runoff enters the lake. While typically negligible, flow velocities of up to 
0.5 m/s may occur under peak conditions (Stantec 2021e). 

According to the analysis of satellite imagery, Lake Mackay is dry approximately 60% to 75% of the time. 
When inundated, following large rainfall events, there is a high degree of variability in the frequency, extent  

and distribution of surface water, influenced by the spatial distribution and intensity of rainfall, as well as 

prevailing winds and evaporation. Hydrological modelling indicates that the lake appears to fill to an 

average of approximately 2 m, once every 5 to 10 years (Stantec 2021e), which inundates most of the visible 

perimeter of the lake. The deepest areas with the longest retention times on the WA portion of the lake occur 
in the southeast portion (Figure 2-7), although it is likely that the NT side is deeper (Duguid et al. 2015). While 

subject to major flooding however, the persistence of surface water is variable and dependent on preceding 

conditions, although typically the lake may remain inundated for several months. Satellite imagery also 

indicates there are smaller pockets of the lake that hold water more regularly, including the north western 
arm and central southern area of the lake adjacent to a small island. 

The longest inundation of Lake Mackay based on the available records occurred in 2001. This followed well -

above average annual rainfall (at Balgo Hills) during the preceding wet season of 2000 (768 mm), and again 
in 2001 (796 mm), causing flooding of the lake equivalent to a 1:20 or 1:50-year event (Stantec 2021b). Water 

levels were initially predicted to reach over 2 m across most of the playa (up to 4 m in the south-east), spilling 

into the surrounding riparian vegetation zone (Figure 2-7). During this period, surface water persisted for more 

than 12 months between December 2000 and early March 2002 (Figure 2-8) and appeared to peak in April 
2001 (Stantec 2021b).  

Most recently in December 2016, more than 400 mm of rainfall was received at Walungurru Airport, causing 

a major flood, with surface water lasting on the lake for approximately six months until June 2017. In early 
2021 more than 180 mm of rainfall was recorded at the Lake Mackay weather station, corresponding to 

inundation of the lake for approximately two months (Stantec 2021b). Analysis of satellite imagery also 

indicates that since 2000, the lake has had increased rainfall, resulting in more frequent, smaller inundation 

events (Figure 2-8). This is likely attributed to climate change, with increased intensity of rainfall during the 

wet season. However, major flood events such as those that occurred in 2000 and 2001 are rare, with the 
lake tending to dry rapidly unless subsequent top-up rainfall occurs (Stantec 2021b). 

Lake Mackay is also surrounded by numerous smaller peripheral wetlands (claypans), irregularly spaced 
between the longitudinal dunes. These claypans are also typically inundated during the wet season, by direct 

rainfall and surface water runoff from the immediate catchment area, however, they can also hold water for 

short periods (less than one week) following 10 mm or more of rain (Agrimin, pers. comm. 2020). They are 

perched surface water features isolated from groundwater due to the low permeability of their substrate. 

Infiltration is negligible, demonstrated by the persistence of surface water several weeks following a rainfall 
event. The discharge of water from the claypans is by evaporation. 
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Figure 2-6: Lake Mackay catchments and sub-catchments. 
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Figure 2-7: Surface water levels on Lake Mackay, according to rainfall events and elevation.
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Figure 2-8: Percentage surface area of Lake Mackay inundated from Landsat and Sentinel satellite imagery from 1987 to 2021.  
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2.7 Inland Waters 

Inland waters, including ephemeral salt lakes, are numerous throughout the arid and semi-arid regions of 
WA. Differences in the spatial and temporal variability of the hydroperiod drives surface water quality and 

biological productivity. Resident, salt tolerant aquatic biota (algae, macrophytes and aquatic 

invertebrates) can persist in the lake sediments as resting stages (desiccation resistant spores and eggs), 

emerging with the onset of major flooding (Boulton and Brock 1999). The riparian vegetation zone is typically 

dominated by chenopods including samphires, which are also adapted to the saline conditions and 
periodic inundation (Datson 2002). 

During the initial stages of flooding, when salinities are lower, salt lakes will support an abundance of primary 
producers and crustaceans, both of which provide a food source for higher order consumers such as 

waterbirds, if surface water persists over several months. However, as salinity increases over the course of the 

hydroperiod and the lakes enter the drying phase, biological diversity decreases (Williams 1998). Typically,  

only limited taxa can tolerate hypersaline conditions in excess of 50,000 mg/L. As water levels recede,  

aquatic biota complete their lifecycles, replenishing resting stages within the lake sediments. In comparison, 
peripheral wetlands on the margins of salt lakes are often freshwater (<3,000 mg/L) or less saline during 
inundation, and therefore may support a more diverse biological assemblage (Rodman et al. 2016). 

Regardless, due to their remoteness and irregular flooding regimes, an understanding of the diversity and 
productivity of many of these ephemeral salt lakes and their associated claypans remains unknown. This 

applies to Lake Mackay and its peripheral wetlands, with this Study addressing knowledge gaps to increase 

understanding of environmental values, in relation to hydrological processes, for the Inland Waters factor 
(EPA 2016b).  
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3. Methods 

3.1 Desktop Review 

3.1.1 Database Searches 

The desktop review included undertaking database searches (Table 3-1), with a central search coordinate 

submitted to the relevant regulatory or government department. This comprised a central coordinate on 

Lake Mackay (52K 482289.30 m E, 7521290.08 m S), with a 200 km search buffer. In some instances, this search 
buffer was adjusted based on the technical abilities of the database.  

The database searches generated a list flora, fauna and aquatic invertebrates, which were reviewed to 

identify communities (threatened or priority ecological communities; TECs or PECs) or species of significance  
within the vicinity of Lake Mackay.  

3.1.2 Literature Review 

A literature review was also completed as part of the desktop review, which included accessing tech nica l 
reports commissioned by Agrimin, scientific journal articles, research theses and government publications, 

where available. The focus of the review was on relevant studies of aquatic biota, waterbirds and riparian 

vegetation, completed in proximity to the Study Area. This included several recent flora, fauna and 

hydrological studies completed by Stantec. The review of this information provided regional environmenta l 
context and understanding of hydrological processes. 

Table 3-1: Summary of databases and search tools accessed for the desktop review. 

Custodian Database 
Ecological 

Component 
Reference 

Buffer 

(km) 

Department of 

Environment and Energy 

Protected Matters 

Search Tool (PMST) 

Aquatic Ecology, 

Flora & Fauna 
(DoEE 2020b) 200 

Department of 

Environment and Energy 

Directory of Important 

Wetlands 
Aquatic Ecology (DoEE 2020a) - 

CSIRO Atlas of Living Australia Fauna (A.L.A. 2020) 50 

Department of 

Biodiversity, Conservation 

and Attractions (DBCA) 

NatureMap 
Aquatic Ecology, 

Flora & Fauna 
(DBCA 2020) 40 

DBCA 

Threatened and Priority 

Ecological 

Communities Lists 

Aquatic Ecology, 

Flora & Fauna 

(DBCA 2018a) 

(DBCA 2019a) 
- 

DBCA 
Threatened and Priority 

Fauna List 

Aquatic Ecology, 

Fauna 
(DBCA 2019b) - 

DBCA 
Threatened and Priority 

Flora (TPFL) List 
Flora (DBCA 2018b) 200 

Birdlife Australia Waterbird Data Search Waterbirds 
(Birdlife Australia 

2020) 
200 

 

3.2 Ecological Assessment 

The Study was led by Dr Fiona Taukulis (Ecology Team Lead at Stantec), a salt lake specialist, with more than 

20 years’ experience in this discipline. All other Stantec personnel involved in the Study were field, taxonomic 
or aquatic ecology specialists. Agrimin also completed a number of field surveys, either accompanied by 

suitably qualified Stantec staff, or following comprehensive technical training. A summary of the Stantec 

and Agrimin personnel, involved in field surveys laboratory analysis and reporting components of the Study, 

including their qualifications and training is presented in Table 3-2. Sampling was approved by the DBCA  
under a Licence to Take Fauna for Scientific Purposes Regulation 17 (BA27000257). 
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Table 3-2: Stantec and Agrimin personnel and qualifications involved in the Study. 

Name Organisation Qualifications and Experience Field Survey Laboratory Analysis & Reporting 

Dr Fiona Taukulis 

(Team Lead – Ecology) 
Stantec 

BSc Environmental Biology 

(Hons, PhD) 

(>20 years’ experience) 

Survey design, site 

reconnaissance, field training 

of Agrimin staff 

Algal taxonomy, data analysis 

and reporting 

Thomas de Silva 

(Aquatic Scientist) 
Stantec 

BSc Marine Biology and 

Environmental Biology 

(9 years’ experience) 

Field survey 1 (May 2019) Aquatic invertebrate taxonomy 

George Munroe* 

(Project Hydrogeologist) 
Agrimin 

BSc Applied Geology  

(8 years’ experience) 
Field survey 2 (Aug 2019) - 

Michael Hartley* 

(Principal Hydrogeologist) 
Agrimin 

BSc Hydrogeology (Hons) 

(>20 years’ experience) 

Field survey 3 (Aug 2020) 

Field survey 4 (Feb 2021) 

Field survey 5 (Mar/Apr 2021) 

- 

Nick Miles* 

(Project Geologist) 
Agrimin 

BSc Coastal Marine Science 

and BSc Applied Geology  

(5 years’ experience) 

Field survey 3 (Aug 2020) 

Field survey 4 (Feb 2021) 

Field survey 5 (Mar/Apr 2021) 

- 

Dr Erin Thomas 

(Principal Aquatic Scientist) 
Stantec 

BSc Environmental Biology 

(Hons, PhD)  

(>20 years’ experience) 

- 
Algal and aquatic invertebrate 

taxonomy, reporting 

Jake Daviot 

(Aquatic Scientist) 
Stantec 

BSc Marine Biology  

(4 years’ experience) 
- 

Algal and aquatic invertebrate 

taxonomy 

Chris Hofmeester 

(Senior Aquatic Scientist) 
Stantec 

BSc Environmental Biology 

(Hons)  

(10 years’ experience) 

- 
Aquatic invertebrate taxonomy, 

reporting 

Adam Harman 

(Principal Aquatic Scientist) 
Stantec 

BSc Marine Biology 

(10 years’ experience) 
- Data analysis and reporting 

Brooke Hay 

(Principal Environmental Scientist) 
Stantec 

BSc Marine Biology/Zoology 

(>15 years’ experience) 
- Data analysis and reporting 

Dr Ruchira Somaweera  

(Principal Aquatic Scientist) 
Stantec 

BSc Zoology (Hons, PhD) 

(>15 years’ experience) 
- Reporting 

Note: * Agrimin personnel were provided with extensive training by Dr Fiona Taukulis prior to undertaking field surveys.  
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3.2.1 Field Survey Design 

To establish a robust baseline dataset for the Study, a total of five field surveys were undertaken by Stantec 
scientists and/or Agrimin staff (Table 3-3). These field surveys spanned three years across multiple seasons in 

dry (in May 2019, August 2019 and August 2020) and flooded conditions (in February 2021 and March/April 

2021), targeting the lake, islands and peripheral wetlands (Figure 3-1, Figure 3-2). The sampling and 

components assessed during these field surveys included aquatic biota and riparian vegetation, depending 

on the conditions (Table 3-3). Habitat characterisation, photographic monitoring and georeferencing was 
completed at all sites across all five field surveys, a summary of which is presented in Table 3-4 and Table  
3-5.  

Field survey 1 was undertaken by Stantec during dry (D) conditions in May 2019, sampling 19 sites, comprising 

13 sites on Lake Mackay (site prefix LMD) and six peripheral wetlands (site prefix PWD) (Figure 3-1). Two sites 

(LMD10 and PWD5) could not be sampled as planned, due to inaccessibility to NT parts of the lake; these 

sites are not discussed further. Six riparian vegetation transects were located in the riparian zone of the lake, 

seven sites were located in the riparian zone of the playa islands, and six sites were located in the riparian 
zone of the peripheral wetlands (Figure 3-2, Table 3-3). In August 2019 (field survey 2), seven additional sites 

were sampled by Agrimin (LMD15 to LMD21), targeting the south-east portion of Lake Mackay for the 
collection of surficial sediments for rewetting trials, to simulate flooded conditions. 

In August 2020, during field survey 3, Agrimin re-assessed eight previously established riparian vegetation 

transects (representing a subset of the field survey 1), with five sites located in the riparian zone of the lake 

and three sites located in the riparian zone of the peripheral wetlands (Table 3-3). In February 2021 and 

March/April 2021 (field survey 4 and field survey 5), Agrimin completed opportunistic sampling of aquatic 
biota during flooded conditions and undertook targeted collection of flowering plants from nine locations 

in the riparian zone of the lake and 13 locations in the riparian zone of the peripheral wetlands (Table 3-3). 
These field surveys were completed under the technical guidance of Stantec experts.  

Prevailing dry conditions during the first three field surveys limited sampling methods to the collection and 

analysis of surficial sediment for chemical analysis and for the assessment of aquatic biota from rewetting 

trials, as well as assessment of riparian vegetation from Lake Mackay and peripheral wetlands (Table 3-3). 

The rewetting trials aimed to simulate flooding of sediment in the laboratory under controlled conditions, to 
assess the diversity and abundance of resident aquatic biota comprising algae and crustaceans that 
emerged (Table 3-4, Table 3-5). 

Subsequent to this, and following substantial and well above rainfall in February 2021 (>130 mm event 
recorded at the Lake Mackay weather station), and follow-up rainfall in March 2021 (approximately 25 mm 

at the Lake Mackay weather station), sampling of Lake Mackay and peripheral wetlands during flooding (F) 

occurred (Table 3-4, Figure 3-3). Due to the inundated conditions, site selection was opportunistic across 
Lake Make Mackay (site prefix LMF) and peripheral wetlands (site prefix PWF). 

In February 2021 (field survey 4) three sites were sampled, comprising two sites on Lake Mackay (LMF1 and 

LMF10) and one peripheral wetland (PWF6) Site LMF10 represented sampling with a pilot pond and was not 

considered part of natural lake conditions. In March/April 2021 (field survey 5) 19 sites were sampled, 
comprising 10 sites on Lake Mackay and nine peripheral wetlands. Site LFM11 in central Lake Mackay wa s a 

freshwater claypan on an intermediate sized island (Table 3-3), while the peripheral wetlands included low 

salinity and freshwater claypans, and larger, more saline saltpans. A range of abiotic and biotic components 

were sampled during these flooded conditions and targeted flowering plant collection was also undertaken 
to supplement transect/quadrat data (Table 3-4; Table 3-5). 

Detailed methods associated with dry and flooded sampling conditions are presented in subsequent  

sections. Rewetting trial methods are outlined in Section 3.2.2, flood sampling in Section 3.2.3 and riparian 
vegetation assessment is presented in Section 3.2.4. 
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Table 3-3: Summary of field survey timing, conditions, personnel, sites and components of the Study.  

Field 

Survey 
Timing 

Season / Rainfall / 

Lake Condition 

Field 

Personnel 

Number of Sites Sampled 

Ecological Assessment Components 
Lake 

Mackay 

Playa 

Islands 

Island 

Claypan 

Peripheral 

Wetlands 
Total 

1 
17-25 May 

2019 

• Season: dry 

• Rainfall: below average 

• Lake condition: dry 

Stantec 

(TdS) 

• 13 aquatic* 

• 6 riparian 
• 7 riparian - 

• 6 aquatic 

• 6 riparian 

• 19 aquatic 

• 19 riparian 

• Collection of sediment for chemical analysis and rewetting trials 

• Riparian vegetation transect/quadrat assessment 

2 
28-29 August 

2019 
Agrimin 

(GM, MH, 

NM) 

• 7 aquatic - - - • 7 aquatic • Collection of sediment for rewetting trials 

3 
25-28 August 

2020 
• 5 riparian - - • 3 riparian • 8 riparian • Riparian vegetation transect/quadrat assessment 

4 
20-21 February 

2021 
• Season: post-wet 

• Rainfall: above average 

• Lake condition: flooded 

Agrimin 

(MH, NM) 

• 2 aquatic 

• 2 riparian 
- - • 1 aquatic 

• 3 aquatic 

• 2 riparian • Flood sampling of water and sediment for chemical analysis 

• Flood sampling of aquatic biota 

• Targeted flowering plant collection in riparian zone  

(refer to Section 3.2.4) 
5 

25 March – 

2 April 2021 

• 9 aquatic 

• 9 riparian 
• 13 riparian • 1 aquatic • 9 aquatic 

• 19 aquatic 

• 22 riparian 

Note: * includes one site that was a pilot pond on Lake Mackay. 
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Figure 3-1: Location of sampling sites on Lake Mackay and peripheral wetlands during the Study.  
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Figure 3-2: Location of riparian vegetation assessment and targeted  sampling locations at Lake Mackay and peripheral wetlands during the Study (FT=flora targeted). 
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Figure 3-3: Temporal changes in the lake’s water level with response to the rainfall events in early 2021. The timing of flood sampling is shown in the blue shading. 
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Table 3-4: Summary of the abiotic and biotic components assessed at Lake Mackay during the Study (■ dry conditions or rewetting trials, ■ flooded conditions, ■ pilot pond site and ■ island site). 

Sites Waterbody 
Date / Field 

Survey 

GPS Coordinates Dry Conditions Sampling Rewetting Trials Flooded Conditions Sampling 

Latitude Longitude 
Sediment 

Quality 

Resting 

Stages 

Rip. Veg. 

Transects 

Basic 

Water 
Algae Diatoms 

Aquatic 

Inverts 

Water 

Quality 

Sediment 

Quality 
Algae Diatoms 

Aquatic 

Inverts (micro) 

Aquatic 

Inverts (macro) 

LMD1 

Playa 

May 2019 

(field survey 1) 

-22.6078 128.3726   ^    
     

LMD2 -22.5169 128.5809       
     

LMD3 -22.6789 128.7331       
     

LMD4 -22.5607 128.8161   ^    
     

LMD5 -22.5274 128.7047       
     

LMD6 -22.4446 128.937   ^    
     

LMD7 -22.5095 128.3449   ^    
     

LMD8 -22.2585 128.9919   ^          

LMD9 -22.5016 128.3475   ^    
     

LMD10 Site located on NT side of border – inaccessible. 

LMD11 -22.2609 128.7687   ^    
     

LMD12 -22.4069 128.7739       
     

LMD13 -22.4075 128.6046       
     

LMD14 -22.4219 128.3636   ^    
     

LMD15 

Aug 2019 

(field survey 2) 

-22.4865 128.3448  


   
     

LMD16 -22.5991 128.3595             

LMD17 -22.6262 128.5375  


   
     

LMD18 -22.6909 128.89  


   
     

LMD19 -22.5273 128.9486  


   
     

LMD20 -22.6241 128.7753  


   
     

LMD21 -22.5868 128.8746  


   
     

LMF1 

Playa 

Feb 2021 

(field survey 4) 
-22.6559 128.8588       

     

LMF2 

Mar/Apr 2021 

(field survey 5) 

-22.5225 128.581             

LMF3 -22.6908 128.9052       
     

LMF4 -22.5523 128.7897       
     

LMF5 -22.6071 128.9406       
     

LMF6 -22.447 128.9362       
     

LMF7 -22.3465 128.8403       
     

LMF8 -22.2727 128.9232       
     

LMF9 -22.4811 128.7141             

LMF10 Pilot Pond 
Feb 2021 

(field survey 4) 
-22.6502 128.6543       

     

LMF11 Island Claypan Mar/Apr 2021 

(field survey 5) 

-22.4806 128.7814       
     

LMF12 Playa -22.4637 128.8577       
     

Note: ̂  indicates riparian vegetation transects re-assessed in August 2020 (field survey 3); note the table does not include targeted collection of riparian vegetation specimens in field survey 4 and field survey 5. 
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Table 3-5: Summary of the abiotic and biotic components assessed at peripheral wetlands during the Study (■ dry and ■ flooded conditions). 

Sites Waterbody Date / Field Survey 

GPS Coordinates Dry Conditions Sampling Rewetting Trials Flooded Conditions Sampling 

Latitude Longitude 
Sediment 

Quality 

Resting 

Stages 

Rip. Veg. 

Transects 

Basic 

Water 

Quality 

Algae Diatoms  
Aquatic 

Inverts 

Water 

Quality 

Sediment 

Quality 
Algae Diatoms 

Micro 

Inverts 

Macro 

Inverts 

PWD1 

Saltpan 
May 2019 

(field survey 1) 

-22.5453 128.1962             

PWD2 -22.6586 128.5481             

PWD3 -22.6557 128.9312             

PWD4 -22.732 128.8387             

PWD5 Site located on NT side of border – inaccessible. 

PWD6 -22.2748 128.6694             

PWD7 -22.3302 128.3953             

PWF1 

Claypan 

Mar/ Apr 2021 

(field survey 5) 

-22.6305 128.4106             

PWF2 -22.6569 128.4254             

PWF3 -22.6808 128.4653             

PWF4 Saltpan -22.6448 128.4927             

PWF5 

Claypan 

-22.6650 128.5579             

PWF6 
Feb 2021 

(field survey 4) 
-22.6798 128.6025             

PWF7 Saltpan 

Mar/ Apr 2021 

(field survey 5) 

-22.6847 128.6012             

PWF8 

Claypan 

-22.6888 128.6304             

PWF9 -22.6900 128.6534             

PWF10 -22.6807 128.4652             

 

  



  

November 2021 │ Status: Final│ Project No. 300003312 │ Our ref: LMKA-AQ-2021_02_Report_Final 

Page 25 

Table 3-6: Habitat characterisation for sites sampled at Lake Mackay during the Study (■ sites sampled during dry conditions and ■ sites sampled during flooded conditions). 

Sites Habitat Characterisation Sites Habitat Characterisation Site Habitat Characterisation 

Lake Mackay 

LMD1 Southwestern corner of lake, part of large embayment. Elevation 

~1.5 m .Sand/silt composition (thin salt crust). Riparian shrubs 

comprise mostly chenopods (samphires). 

 

 

LMD2 Western half of lake adjacent to small island, within small 

embayment. Elevation ~3 m. Sand/silt composition (thin salt crust). 

Riparian shrubs comprising grasses. 

 

 

LMD3 Southern edge of the lake. Elevation ~0.25 m. Clay/gypsum/sand/silt 

composition (think salt crust). Riparian shrubs comprising chenopods 

(samphires). 

 

 

LMD4 Central area of lake, adjacent to small island, within small 
embayment. Elevation ~0.25 m. Gypsum/silt composition (thin salt 

crust). Riparian shrubs comprise mostly grasses. 

 

 

LMD5 Western half of lake adjacent to small island. Elevation ~2 m. Sand/silt 

composition (thin salt crust). Riparian shrubs comprising Asteraceae.  

 

 

 

LMD6 Eastern half of lake adjacent to very small island. Minimal elevation. 
Sand and silt composition (thick salt crust). Riparian shrubs comprising 

chenopods (samphires).  

 

 

LMD7 Western edge of lake, site near mouth of inlet to the north. Elevation 

~0.25 m. Sand/silt composition (thin salt crust). Riparian shrubs 

comprising mostly Asteraceae. 

 

 

LMD8 Eastern portion lake, adjacent medium island. Elevation ~0.25 m. 

Gypsum/sand composition (thick salt crust). Riparian shrubs comprise 

Asteraceae and chenopods (samphires).  

 

 

LMD9 Western edge of lake, site at mouth of inlet to the north. Minimal 

elevation. Sand/silt composition (thin salt crust). Riparian shrubs 

comprising mostly Asteraceae. 

 

 

LMD11  Central northern edge of lake, site along broad/open shoreline. 

Minimal elevation flat. Sand/silt composition (thin salt crust). Riparian 

shrubs comprising chenopods (samphires). 

 

 

LMD12 Northern half of lake adjacent to large island. Elevation ~0.5 m. 

Gypsum/sand/silt composition (thin salt crust). Riparian shrubs 

comprising chenopods (samphires).  

 

 

LMD13 Northwestern half of lake adjacent to very small island. Elevation 

~2 m. Sand/silt composition (thin salt crust). Riparian shrubs 

comprising chenopods (samphires).  
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Sites Habitat Characterisation Sites Habitat Characterisation Site Habitat Characterisation 

Lake Mackay 

LMD14 Northwestern corner of the lake, within the inlet. Elevation ~2 m. 

Sand/silt composition (thin salt crust). Riparian shrubs comprising 

chenopods (samphires). 

 

 

LMD15 Northwestern corner of the lake, at mouth of inlet. Sand/silt 

composition.  

 

No photo available. 

LMD16 Southwestern corner of the lake, part of large embayment. Sand/silt 

composition.  

 

No photo available 

LMD17 Southern edge of the lake. Clay/gypsum/sand/silt composition. 

 

No photo available. 

LMD18 Southern corner of the lake, part of large embayment. Sand/silt 

composition.  

 

No photo available. 

LMD19 Eastern half of lake adjacent to two medium sized islands. Sand/silt 

composition. 

 

No photo available. 

LMD20 Southern half of lake, broad open area of lake. Sand/silt 

composition. 

 

No photo available. 

LMD21 Central area of lake adjacent to very small island. Sand/silt 

composition. 

 

No photo available. 

  

LMF1 Inundated south-eastern portion of the playa, adjacent to the 

shoreline of two small sandy-gypsiferous islands. Saturated/inundated 

sediments devoid of a salt crust and dominated by sandy, silty clay. 

 

 

LMF2 Western playa island shoreline. Shallow water, evaporitic clayey sand 

substrate. Gypsiferous distinctly elevated island. Salt crust largely 

intact, ~5mm. Evaporitic sandy clay, with abundant algal material. 

 

 

LMF3 South eastern shoreline of Lake Mackay, leading into an 

embayment. Speckled and moderately intact salt crust, 2-5mm thick. 

Moist to inundated evaporitic sandy clay with minor silicious 

component. 
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Sites Habitat Characterisation Sites Habitat Characterisation Site Habitat Characterisation 

Lake Mackay 

LMF4 Eastern playa island. Speckled salt crust, <5mm. Moist-inundated 

evaporitic sandy clay. Abundant algal material. 

 

 

 

LMF5 South eastern shoreline of Lake Mackay, short beach section before 

primary dune. No salt crust. Evaporitic sandy clay with minor siliceous 

component. Abundant algal material. 

 

 

LMF6 Central - eastern playa island shoreline with small channel between 

island south easterly aspect. Speckled salt crust, <5mm. Moist – 

inundated evaporitic sand clay. Moderately abundant algal source. 

 

 

LMF7 Deep water channel, adjacent to playa island. Speckled salt crust, 
<5mm. Moist-inundated evaporitic sandy clay. Abundant algal 

material. 

 

 

LMF8 Wide beach zone on playa island with moderately deep flood water. 
Salt crust speckled and moderately intact, notably further up shore, 

<5mm. Inundated evaporitic sandy clay. Abundant algal material. 

 

 

LMF9 Playa island on western margin of flood water. Shallow flood water. 
Salt crust largely intact. Moist – inundated evaporitic sandy clay. 

Abundant algal material. 

 

 

LMF10 Trial evaporation pond, approximately 150m north of the southern 

shoreline within the southern borrow pit. Sandy-silty clay often 

observed with precipitated evaporites on the walls of the pit.  

 

 

LMF11 Shallow freshwater claypan elevated above playa on intermediate 

island formaton. No salt crust. Moist – inundated sandy clay. No algal 

material observed.  

 

 

LMF12 Channel feature adjacent to playa island. Intact salt crust, up to 

5mm. Moist – inundated evaporitic sandy clay. Low abundance 

algal material. 
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Table 3-7: Habitat characterisation for sites sampled at peripheral wetlands during the Study (■ sites sampled during dry conditions, ■ sites sampled during flooded conditions). 

Sites Habitat Characterisation Sites Habitat Characterisation Site Habitat Characterisation 

Peripheral Wetlands  

PWD1 Large, elongated salt pan (11 km x 2 km) on the western side of lake. 

Elevation ~0.25 m. Sand/silt composition (thin salt crust). Riparian 

vegetation comprising chenopods (samphires). 

 

 

PWD2 Small oval clay pan (1.5 km x 0.6 km) on the southern side of lake. 

Elevation ~2.5 m. Clay composition (thin salt crust). Riparian 

vegetation comprising mostly Asteraceae. 

 

 

PWD3 Small clay pan (0.4 km x 0.4 km) on eastern side lake. Elevation ~0.5 m. 

Clay/sand/silt composition (thin salt crust). Riparian vegetation 

dominated by chenopods. 

 

 

PWD4 Small, elongated salt pan (1.8 km x 0.6 km) on the southern side of 

lake. Elevation ~1.5 m. Clay composition (thin salt crust). Riparian 

vegetation comprising chenopods (samphires).  

 

 

PWD5 Small, elongated clay pan (1.1 km x 0.5 km) on the northern side of 

lake. Elevation ~0.5 m. Clay composition (thick salt crust). Riparian 

vegetation comprising mostly grass.  

 

 

PWD6 Small, elongated salt pan (0.6 km x 0.2 km) on northwestern side of 

lake. Elevation ~1 m. Clay/silt composition (thin salt crust). Riparian 

vegetation comprising samphires.  

 

 

PWF1 Moderately sized claypan, peripheral freshwater wetland to Lake 

Mackay. No salt crust. Most- inundated silty, sandy clay.  

 

 

 

PWF2 Large peripheral saltpan to Lake Mackay. Speckled salt crust. Moist – 

inundated evaporitic clayey sand. Abundant algal material. 

 

 

 

PWF3 Large peripheral saltpan to Lake Mackay. Intact salt crust on the 

periphery (bank) margin. Inundated clayey sand. Abundant algal 

material. 

 

 

PWF4 Large peripheral saltpan to Lake Mackay. Speckled salt crust. Moist – 

inundated evaporitic clayey sand. Abundant algal material. 

 

 

PWF5 Moderately sized claypan, peripheral freshwater wetland to Lake 
Mackay. Numerous drainage channels leading into claypan. No salt 

crust. Inundated silty, sandy clay.  

 

 

PWF6 Small, situated in a trough between two sand dunes approximately 
850m apart, approximately 3.3km south of Lake Mackay. Sand silt and 

clay. Riparian vegetation comprising Melaleuca and Aristida grasses. 
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Sites Habitat Characterisation Sites Habitat Characterisation Site Habitat Characterisation 

Peripheral Wetlands  

PWF7 Large peripheral saltpan to Lake Mackay. Speckled salt crust. Moist – 

inundated evaporitic clayey sand. Abundant algal material. 

 

 

 

PWF8 Small to moderately sized claypan, peripheral freshwater wetland to 

Lake Mackay. No salt crust. Inundated silty, sandy clay. 

 

 

 

PWF9 Small to moderately sized claypan, peripheral freshwater wetland to 

Lake Mackay. No salt crust. Most- inundated silty, sandy clay.  

 

 

 

PWF10 Large claypan, peripheral freshwater wetland to Lake Mackay. No 

salt crust. Inundated silty, sandy clay. Algal material not observed. 
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3.2.2 Sampling and Analysis in Dry Conditions 

3.2.2.1 Sediment Quality 

Sediment samples were collected at all Lake Mackay sites and peripheral wetlands in field survey 1 in May 

2019 during dry conditions. The top 2 cm of sediment at each site was scraped into a sterilised glass jar 
(excluding voids), which was then sealed and sent to ALS (Wangara, Perth), for the analysis of a suite of 

parameters (Table 3-8). Samples were collected and stored using containers and instructions provided by 

ALS. The holding times for sediment pH was breached for all sites in all surveys, and these results should be 
considered a guide only.  

Sediment pH was classified according to (Hazelton and Murphy 2007), which ranges from very strongly acidic 

(<5.0) to very strongly alkaline (>9.0). Measurements of salt crust thickness were also taken at each site to 

provide a reference. Metals were compared to the (ANZG 2018) toxicant default guideline values (DGVs) 
and upper guideline values (GV-High) for sediment quality. DGVs for toxicants in sediment are those 

concentrations below which there is a low risk of unacceptable effects occurring. The upper guideline values 
(GV-high), provide an indication of concentrations where toxicity-related adverse effects may be observed.  

Table 3-8: Sediment analytical suite for the Study (May 2019, February 2021, March/April 2021).  

Basic Parameters Anions and Cations Metals and Trace Elements 

pH Chloride (Cl) Aluminium (Al) Iron (Fe) 

Moisture Content (MC) Sulphate (SO4) Arsenic (As) Lead (Pb) 

Total Soluble Salts (TSS) Carbonate (CO3) Barium (Ba) Manganese (Mn) 

Total Nitrogen (TN) Bicarbonate (HCO3) Beryllium (Be) Mercury (Hg) 

Total Kjeldhal Nitrogen (TKN) Sodium (Na) Cadmium (Cd) Nickel (Ni) 

Nitrite + Nitrate (NO2 + NO3) Magnesium (Mg) Chromium (Co) Selenium (Se) 

Total Phosphorus (TP) Calcium (Ca) Cobalt (Co) Vanadium (V) 

Total Organic Carbon (TOC) Potassium (K) Copper (Cu) Zinc 

 

3.2.2.2 Resting Stages 

Sediment samples (x2 replicates) were collected at each site during dry conditions in May 2019 

(field survey 1), to assess the resting stages (dormant propagules) of aquatic biota. Surface sediment was 

scraped using a modified PVC pipe, across a square quadrat measuring 30 x 30 cm and 1 to 2 cm deep. 

The resultant samples were placed into calico bags. In the Stantec laboratory, the samples were oven dried  
at 40°C. Once dry, a 200 g sub-sample was passed through 500 μm and 106 μm stacked Endecott® brass 

sieves. Material (1 g) retained in the 106 μm sieve was examined using a dissecting microscope. The resting 

stages of algae, macrophytes and aquatic invertebrates were recorded, and the abundance was 

calculated per 100 g of sediment. Identification and enumeration were undertaken by Stantec Aquatic 
Scientist Jake Daviot, using appropriate literature and guides.  

3.2.2.3 Rewetting Trials 

Rewetting trials were undertaken using sediment samples collected during dry conditions in May 2019 and 

August 2019 (Plate 3-1A). These trials aim to simulate flooded conditions, to germinate algae and 
macrophytes, and hatch aquatic invertebrates. In the Stantec laboratory, dried sediment from each site 

was placed into transparent 20 L containers, to which dechlorinated water was added (Plate 3-1B). Sieved 

material comprising resting stages from the respective sites was also added to the containers, to increase 

potential emergence rates. Artificial aerators increased dissolved oxygen levels in the containers and liquid  
fertiliser was added to the water to promote biological productivity. Albite® hydroponic lights were applied 
to increase light intensity and maintain heat within the containers, based on a diurnal cycle.  
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Plate 3-1: (A) Sediment collection for rewetting trials, and (B) rewetting trials experimental design in the 
laboratory simulating flooding, during the Study. 

 

The rewetting trials were undertaken over an extended period, approximately 16 weeks, to allow aquatic 

biota to emerge, develop and mature, simulating various stages of the hydroperiod. Basic water quality (pH, 

electrical conductivity and temperature) was measured on regular basis (Appendix B). Containers were also 

checked daily for the emergence of aquatic biota, including macrophytes and aquatic invertebrates 
Dechlorinated water was added as required to top up the containers and algal pellets were used as a food 

source for aquatic invertebrates. Any aquatic invertebrate taxa that hatched were recorded and allowed 
to develop to maturity, before being periodically harvested.  

3.2.2.3.1  Algae, Diatoms and Macrophytes 

Part-way into the rewetting trials algal samples growing in the containers were collected for identification. 
Filamentous algae were also collected opportunistically from containers throughout the rewet ting trials. A 

small portion of each sample was mounted onto a slide and assessed using a compound microscope (40X). 

The abundance (using a broad ranking system) and diversity of algae was recorded for each site. 

Identification to genus level was completed by specialist taxonomist Dr Erin Thomas (Stantec), using 
appropriate taxonomic guides. 

Concurrently, sediment samples from each site were also collected from the rewetting trial containers for 

the processing of the microalgae diatoms (Bacillariophyta). Samples were treated in 70% nitric acid to 
remove organic material and permanent slides were prepared according to John (1983). John (1983)One 

slide was made from each sample and enumeration was carried out at 100X magnification using a 

compound microscope. The abundance and diversity of diatoms was recorded for each site. A maximum 

of 100 diatoms were counted from each site, or at sites where diatoms were considered sparse, the total 

number of diatoms was counted. Species were identified using relevant literature by aquatic scientist Jake 
Daviot, with verification by principal taxonomist Dr Fiona Taukulis, both of Stantec. 

No macrophytes were germinated during the rewetting trials. However, the oospores of large green alga  
were observed in the sediment at some sites and were recorded (Appendix C). 

3.2.2.3.2  Aquatic Invertebrates 

Aquatic invertebrates were collected from the rewetting trial containers when specimens were deemed 

mature for taxonomic resolution. A small 50 μm mesh net was used to collect the specimens from the 

containers, with the resultant samples preserved in 100% undenatured ethanol. The samples were sorted , 
with an estimate of abundance recorded. The specimens were separated into their broad taxonomic rank, 

with identification to the lowest possible level completed by Dr Erin Thomas and Thomas de Silva of Stantec. 

Specialist taxonomist sub consultants (Bennelongia Environmental) provided species level resolution of the 
microcrustacean groups (ostracods and copepods). 

3.2.2.3.3  Rewetting Trials Data Management 

For the purposes of data analysis and reporting, aquatic biota (algae and aquatic invertebrates) recorded 

during the rewetting trials were combined with the flood sampling results. It should be noted that laboratory 

conditions cannot fully replicate naturally flooded conditions and instead provide a likely representation of 
the resident algae and aquatic invertebrates that may emerge.  

A B
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3.2.2.3.4  Aquatic Invertebrates 

A 50 μm mesh net was used to collect aquatic invertebrates from the containers, with the resultant samples 

preserved in 100% undenatured ethanol. The samples were sorted, with an estimate of abunda nce 

recorded, while separating invertebrate specimens into their broad taxonomic rank. Further taxonomic 

identification to the lowest possible level was completed by Dr Erin Thomas (Stantec) and Thomas de Silva 

(Stantec). Specialist taxonomists from Bennelongia Environmental Consultants were utilised for the 
identification of ostracods. 

3.2.3 Sampling and Analysis in Flooded Conditions 

3.2.3.1 Surface Water and Sediment Quality  

In February and March/April 2021 (field survey 4 and field survey 5) during flooded conditions, undisturbed 

water samples were collected in pre-washed (0.1% nitric acid) plastic bottles for laboratory analysis of basic 

parameters, major ions, nutrients and dissolved metals (Table 3-9) following laboratory instructions. All 

samples were transported to the NATA-accredited laboratory, ALS (Wangara), with accompanying chain of 
custody documentation for chemical analysis.  

Table 3-9: Surface water analytical suite for the Study (March/April 2021). 

Basic Parameters Anions and Cations Dissolved Metals and Trace Elements 

pH Chloride (Cl) Aluminium (Al) Iron (Fe) 

Electrical Conductivity (EC) Sulphate (SO4) Arsenic (As) Lead (Pb) 

Total Dissolved Solids (TDS) Carbonate (CO3) Barium (Ba) Manganese (Mn) 

Total Nitrogen (TN) Bicarbonate (HCO3) Beryllium (Be) Mercury (Hg) 

Total Kjeldhal Nitrogen (TKN) Sodium (Na) Cadmium (Cd) Nickel (Ni) 

Nitrite + Nitrate (NO2 + NO3) Magnesium (Mg) Chromium (Cr) Selenium (Se) 

Total Phosphorous (TP) Calcium (Ca) Cobalt (Co) Vanadium (V) 

 Potassium (K) Copper (Cu) Zinc (Zn) 

Surface water pH was classified according to the system developed by Foged (1978) comprising acidic 

(4.5 to 6.5), circumneutral (6.5 to 7.5), and alkaline (>7.5) conditions. Salinity was classified based on the 

system developed by Hammer (1986); freshwater (<3,000 mg/L), hyposaline (3,000 mg/L to 20,000 mg/L), 

mesosaline (20,000 mg/L to 50,000 mg/L) and hypersaline (>50,000 mg/L), converted to electrica l 
conductivity (µS/cm as required). Analytical water quality results were compared to the Australian & New 

Zealand Guidelines for Fresh & Marine Water Quality (ANZG 2018) toxicant default guideline values (DGVs) 

for the protection of 95% of species in freshwater wetlands and marine ecosystems for metals, and 99% of 
species for metals known to bioaccumulate. 

Sediment was also collected in February 2021 (field survey 4) and March/April 2021 (field survey 5) following 

methods outlined in Section 3.2.2.1, with the same analytical suite. This provided a comparative dataset 
across dry and flooded conditions from sites on the lake and peripheral w etlands. 

Data ranges (minima, maxima and averages) were developed for water and sediment according to site 

classification. This comprised lake, island claypan, peripheral claypan and peripheral salt pans, to better 
discern spatial and temporal trends across surveys. 

3.2.3.2 Algae 

During field surveys 4 and 5 (February and March/April 2021, respectively), in flooded conditions, planktonic 
and benthic algal samples were collected and analysed from the lake and peripheral wetlands. Benthic 

algae were opportunistically sampled, taking a small scrape of organic material along the shoreline . 

Phytoplankton was collected using a 25 µm mesh net towed along an L-shaped transect (100 x 100 m, where 

possible. All algal samples were transferred into 70 mL vials and kept cool to preserve algal structure. In the 

Stantec laboratory, representative sub-samples were fresh mounted on glass microscopy slides and 
examined under a compound microscope at 40X magnification. The abundance of algal taxa was 

recorded per cell, colony or filament, dependent on morphological form by Jake Daviot, with assistance 

from Dr Fiona Taukulis and Dr Erin Thomas, experienced algal taxonomists. Data was amalgamated to 
include rewetting trials and flooded conditions data for the purposes of reporting. 
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3.2.3.3 Diatoms 

A sample of surface sediment (to approximately 1 cm deep, using a 70 mL vial) was also collected during 

field surveys 4 and 5 (February and March/April 2021, respectively) to assess diatom community structure. 

The resulting samples were kept cool to preserve diatom structure. In the Stantec laboratory, diatoms were 
treated in 70 % nitric acid (to remove organic material) and permanent slides were prepared according to 

John (1983). Three replicate slides were made for each site and enumeration was carried out at 100x 

magnification under a compound microscope. A maximum of 100 diatoms was counted at each site to 

provide a representation of community structure, and the abundance and diversity of taxa was recorded. 
Species were identified using appropriate taxonomic guides by Jake Daviot, with assistance from Dr Fiona  

Taukulis and Dr Erin Thomas. Data was amalgamated to include rewetting trials and flooded conditions data 
for the purposes of reporting. 

3.2.3.4 Aquatic Invertebrates 

Aquatic microinvertebrate (zooplankton) and macroinvertebrate samples were collected during flooded 

conditions in February and March/April 2021 (field surveys 4 and 5). A 53 μm mesh net was towed through 

the water column to sample zooplankton, while a 250 μm D-frame mesh net was used to sample 

macroinvertebrates, targeting the benthic environment. For both microinvertebrates and 
macroinvertebrates a 100 x 100 m L-shaped transect was completed using each net, conducted parallel to 

the shoreline, within the littoral zone (where possible). Microinvertebrate samples were transferred into, 

250 mL polycarbonate vials and macroinvertebrate samples were transferred into 2.5 L plastic pails; both 
were preserved in 100% undenatured ethanol.  

Sorting of all samples was completed in the Stantec laboratory using a dissecting microscope. The 

abundance of aquatic invertebrates was recorded, with specimens separated into their broad taxonomic 

groups and placed into microvials. Further identification of taxa to genus or species level was completed 
using appropriate literature and keys by experienced taxonomists Dr Erin Thomas, Chris Hofmeester and 

Thomas de Silva of Stantec. Specialist identification was required for the microinvertebrate groups 

comprising ostracods, copepods and cladocerans, which was completed by Dr Stuart Halse and Jane 

McRae, respectively, of Bennelongia Environmental Consultants. Professor Brian Timms, from the University of 
of New South Wales, was also consulted for taxonomic verification of Parartemia species. 

For the purposes of data analysis and reporting, microinvertebrate and macroinvertebrate data was 

combined and collated. In some instances, the diversity of taxa documented may represent an 
overestimation, with some specimens unable to be resolved due to immaturity, sex, condition, or limited  
taxonomic keys, which are likely to belong to already identified species. 

Prior to this Study, two limited opportunistic surveys were also completed on Lake Mackay (two sites, 
including one test trench) and peripheral wetlands (nine sites) in 2017 and 2018 (Invertebrate Solutions 

2017;2018). Water quality testing (in situ) and aquatic invertebrate sampling was undertaken as part of the 

surveys (Invertebrate Solutions 2017;2018). This data was amalgamated into the results of this Study (including 
rewetting trials and flooded conditions data), where possible. 

3.2.4 Riparian Vegetation Assessment 

3.2.4.1 Survey Effort, Targeted Collection and Timing 

A total of 27 transects and 270 quadrats were assessed by Stantec/Agrimin during field survey 1 and 

field survey 2, with field survey 3 and field survey 4 focusing on targeted collection of flowering specimens. 
In February 2021, Agrimin undertook targeted collection of two flowering Tecticornia plants at two 

georeferenced locations from existing transects LMD1 and LMD9 on the western shoreline of Lake Mackay. 

In March/April 2021, an additional 45 flowering Tecticornia plants from throughout the riparian zone of the 

lake and its islands were collected and georeferenced by Agrimin (Table 3-4, Table 3-10, Figure 3-2), while 
another 18 flora specimens in flower were also collected for identification(Table 3-4, Table 3-10, Figure 3-2).  

The Study also includes a consolidation of previous assessments undertaken at Lake Mackay by ecologia  

Environment (2017), 360 Environmental (2017a) and Strategen Environmental (2018), totalling 12 transects 
and 72 quadrats assessed; a cumulative total of 39 transects and 342 quadrats including the Stantec 

quadrat data (Table 3-10). Only the 3 m x 3 m riparian zone quadrat data from previous surveys was 

consolidated, to ensure consistency. Six quadrats originally established by ecologia Environment (2017) were 

also re-assessed by 360 Environmental (2017a). A detailed summary of the flora and vegetation of Lake 

Mackay, including riparian vegetation, is provided in Stantec (2021c), with significant species mapped in 
Section 4.2.6. 

A summary of the riparian vegetation field surveys undertaken between 2019 and 2021 is provided in Table 
3-10, with raw transect data recorded during field survey 1 and field survey 3 presented in Appendix A.  
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Season and rainfall are important considerations for flora and vegetation surveys. Dry season field surveys 

were undertaken during a period of below average rainfall when Lake Mackay and peripheral wetlands 

were dry during field survey 1 and field survey 2, and field survey 4 and field survey 5 were undertaken during 
a period of above average rainfall when Lake Mackay and peripheral wetlands were inundated ( Table 

3-10). Rainfall was also above average preceding the ecologia Environment (2017) and 360 Environmenta l 
(2017a) field surveys. 

3.2.4.2 Transects Assessment 

Riparian vegetation transects were established by Stantec at 13 Lake Mackay sites and six periphera l 

wetland sites in May 2019 (Table 3-4, Table 3-10, Figure 3-2). At each site, transects of 30 m in length were 

established perpendicular to the shoreline from the edge of the lake or peripheral wetland. Along each 

transect, 10 quadrats (3 m x 3 m) were established and assessed for species diversity, plant health, plant 
cover (percentage) and plant abundance, for each species within each quadrat. Photographic monitoring 

was also undertaken to support the assessment (Appendix A). Riparian vegetation was reassessed by Agrimin 

at a subset of the previously established transects, comprising eight Lake Mackay sites during August 2020 
(Table 3-4, Table 3-5, Table 3-10, Figure 3-2), following the same methodology. 

Plant health during both field surveys was rated on a scale of 1 to 5 for each quadrat within a transect , 
based on the system by (Keighery et al. 1994), as follows: 

1.  = dead/no live vegetation; 

2.  = poor/declining vegetation health; 

3.  = good/improving vegetation health; 

4.  = very good vegetation health/no change from previous monitoring if relevant; and  

5.  = excellent health, new germinants. 

3.2.4.3 Taxonomic Verification 

All plant specimens collected during the Study were identified by botanist Sharnya  Thomson Yates 

(BSc. Botany/Plant Biology; >10 years’ experience), experienced in the flora of the Great Sandy Desert  

bioregion. Tecticornia specimens were submitted to specialist Dr Kelly Shepherd (Senior Research Scientist ) 

of the Western Australian Herbarium (WAH) for taxonomic verification. Identification of Tecticornia was 

dependent on flowering, which occurred following heavy rainfall in field surveys 4 and 5 (February and 
March/April 2021). 
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Table 3-10: Riparian vegetation field surveys undertaken at Lake Mackay and peripheral wetlands between 2019 and 2021. 

Field 

Survey 
Timing 

Season / Rainfall / Lake 

Condition 
Personnel Sites Method 

1 
17th-20th 

May 2019 

• Season: dry 

• Rainfall: below average 

• Lake condition: dry 

Stantec 

• 13 Lake Mackay sites 

• 6 peripheral wetland sites 

• Aligned with aquatic ecology sites 

• Transect/quadrat method 

• 30 m transect comprising 10 3 x 3 m 

contiguous quadrats 

• Species diversity, abundance, cover 

(%) and health recorded for each 

species in each quadrat 

3 
25th – 28th 

August 2020 
Agrimin 

• 8 Lake Mackay sites (subset of field 

survey 1 sites) 

• Transect/quadrat method 

• 30 m transect comprising 10 3 x 3 m 

contiguous quadrats 

• Species diversity, abundance, cover 

(%) and health recorded for each 

species in each quadrat 

4 
21st February 

2021 

• Season: post-wet season 

survey 

• Rainfall: above average 

• Lake condition: flooded 

Agrimin 

• Targeted flowering Tecticornia 

specimen collection (45 specimens) 
from 2 Lake Mackay sites (LMD1, 

LMD9) 

• Targeted specimen collection and 

georeferencing only 

5 
28th March – 

1st April 2021 

• Targeted flowering Tecticornia 

specimen collection (45 specimens) 

from 13 existing and 9 new Lake 

Mackay sites 

• Targeted flora specimen collection 

(18 specimens) from 2 Lake Mackay 

sites 

• Targeted specimen collection and 

georeferencing only 

Stantec/Agrimin field survey effort 27 transects with 270 3 m x 3 m quadrats 

Historic field survey effort 12 transects with 72 3 m x 3 m quadrats 

Total field survey effort 39 transects with 342 3 m x 3 m quadrats 
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3.3 Mapping of Significant Taxa 

New aquatic invertebrate taxa were mapped from based on the consolidated dataset for the Study. Listed  

flora species and species of other significance (range extension, affinity, sterile material taxa) were also 

mapped according to the consolidated dataset, where records were available. Listed waterbirds were 

mapped from data sourced from Lake Mackay Potash Project: Detailed And Targeted Vertebrate Fauna 
Survey And Consolidation (Stantec, 2021). 

3.4 Statistical Analysis 

Multivariate analysis involves the statistical analysis of more than one parameter at a time and was used to 
investigate trends in the data for the Study. Principal component analysis (PCA) was performed on water 

and sediment quality data, while non-metric multidimensional scaling (nMDS) and hierarchical classificat ion 

was implemented for biological data (benthic algae, diatoms, aquatic invertebrates and riparian 

vegetation). These techniques were completed in the statistical package PRIMER, Version 7.0 (Clarke and 
Gorlet 2006).  

Principal component Analysis (PCA) is a technique used to reduce and identify key variables in a dataset, 

allowing for the detection of patterns and similarities. This information is expressed as summary indices or 
principal components. For water and sediment data, where values were below detection, a value equal to 

half the limit of reporting was substituted (parameters with values mostly below detection were removed). 

Parameters were square-root transformed, where required, to reduce skewness, and collinear variables were 

removed during pre-treatment of the data. The results of the PCA are shown in the form of a plot  (2D), on 

which sites that are similar are located closer together. Vectors radiate from the centre of the plot, 
representing the influence of each parameter. Higher concentrations tend to occur near the end point of 

the vector. Percentage variance is used to explain the strength of the PCA, presented over the first two axes 

of the plot. A value of more than 50% is considered a useful interpretation of the results (Clarke and Gorlet  
2006).  

Non-metric multidimensional scaling (nMDS) was implemented for the analysis of community structure for 

algae and aquatic invertebrates, with the latter based on historic data where available. This technique relies 

on rank orders (distances) for ordination and compares biotic data between sites, providing a representat ion 
of relationships between sites and species. Prior to the analysis, abundance data was transformed (square-

root or presence/absence) to reduce skewness. The results of the MDS procedure are presented in a 2D plot, 

grouping sites with similar species composition together and separating sites that are dissimilar. The 

percentage similarity of species composition between sites is also displayed (as a percentage) and overlaid  

on the plot.  The strength of the analysis is indicated by a stress value that is generated by the nMDS, with a 
value of <0.2 regarded as an adequate explanation of the data (Clarke and Warwick 2001).  

Hierarchical classification was used to investigate trends in the community structure of riparian vegetation, 

based on presence-absence data. The Bray-Curtis coefficient calculated similarities between sites, with 
classification based on the group-average linking algorithm, considered suitable for biological data. The 

results of the hierarchical classification are presented in the form of a dendrogram (link -tree), showing the 

percentage similarity between sites (higher values represent greater similarity), based on the riparian 
vegetation assemblage (Clarke and Warwick 2001). 

Species diversity was investigated in relation to survey effort for aquatic invertebrates and riparian 

vegetation, specifically Tecticornia taxa using Stantec and historic data (consolidated dataset), where 

possible. The analyses were completed in the EstimateS software package version 9.1.0 (Colwell 2013), using 
species accumulation rarefaction and extrapolation curves, and species richness estimators comprising 

incidence and abundance (or presence absence) data. The species richness data provide a statistica l 

evaluation of the proportion of the biological assemblage detected. A range in the number of species 

predicted to form the core assemblage was provided using seven estimators (ACE, Bootstrap, Chao1, 
Chao2, ICE, Jack 1 and Jack 2), which is statistically more robust (Hortal et al. 2006).  
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3.5 Constraints and Limitations 

Due to the infrequent inundation of Lake Mackay and peripheral wetlands, there is limited information on 

aquatic biota during major flood events. The Study comprised five field surveys, sampling the lake during dry 

and flooded conditions. Rewetting trials undertaken in the laboratory simulate flooding and document the 

emergence of aquatic biota, however, these trials cannot completely replicate natural conditions. Two 
opportunistic field surveys were completed when the lake was inundated, which due to the size of the system 

represented substantial logistical challenges. This was overcome where possible by utilising a helicopter to 

access remote parts of the lake. However, additional surveys in future flood events will likely identify 

increased biodiversity from the lake and broaden understanding of the range of conditions expected over 
the course of the hydroperiod. Regardless, survey effort was considered adequate, both spatially and 

temporally, to understand and characterise the ecological values, habitats and significant species 
associated with the lake, islands, peripheral wetlands and riparian zone. 
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4. Results and Discussion 

4.1 Desktop Review 
The following sections provide a brief overview of significant areas, flora and vegetation, aquatic biota and 

waterbirds, based on the available literature and database search results. In most instances, the informat ion 

is limited, due to a lack of surveys undertaken and the remote location of Lake Mackay.  A summary of 
available literature of relevance to this Study is provided in Table 4-3. 

4.1.1 Areas of Environmental Significance  

Database searches and a literature review indicated that there are no areas of environmental significance 

within the vicinity of Lake Mackay. However, there are several state and territory Indigenous Protected Areas 
(IPAs) within 200 km of the lake including Katiti Petermann (NT), Kiwirrkurra (WA), Newhaven (NT), 
Ngaanyatjarra (WA), and Southern Tanami (NT). 

IPAs are an essential component of Australia’s National Reserve System, which is the network of formally 
recognised parks, reserves and protected areas across Australia. There are currently 75 dedicated IPAs 

across approximately 67 million hectares (AG 2020). These account for more than 44 per cent of the National 

Reserve System. Most IPAs are dedicated under International Union for Conservation of Nature (IUCN) 

Categories 5 and 6, which promote a balance between conservation and other sustainable uses to deliver 
social, cultural and economic benefits for local Indigenous communities. 

Lake Mackay and the surrounding peripheral wetlands within a 200 km buffer are not declared as a wetland 

of international importance (or Ramsar site) or national significance under the Directory of Important  
Wetlands in Australia (DIWA). However, the lake was identified as potentially meeting some criteria for 

national and international significance based on a 2001 waterbird survey. Based on this assessment, the NT 

portion of Lake Mackay is listed as nationally significant and possibly internationally significant by the NT 
Department of Environment and Natural Resources (DENR).  

However, at the national level the Department of Agriculture, Water and the Environment (DAWE) does not 

have a record of the NT DENR submitting an entry for Lake Mackay for the Directory of Important Wetlands 

or a nomination as a Ramsar site (Stantec 2021d). As Lake Mackay is not listed as a Ramsar site, the DAWE 
does not consider potential impacts to the site a Matter of National Environmental Significance (MNES) under 
the category of wetlands of international importance.  

The closest wetland of national importance is the Lake Gregory System (WA096), which is located 
approximately 250 km north-west of Lake Mackay. The system is an example of a large, saline, inland 

(terminal) drainage basin in Australia, which has regular inflow and is near-permanent. It has been identified  

as meeting four Ramsar Criteria for listing as a wetland of international importance (Jaensch and Watkins 
1999). 

4.1.2 Aquatic Biota 

Few studies of aquatic biota of salt lakes and claypans in central arid Australia exist, which reflects the 

paucity of surveying in the region. The results of the database searches indicated there were no threatened 

communities or species of aquatic flora or fauna within 200 km of Lake Mackay. In the literature, much of 
the work has focussed on central inland salt lakes comprising Lake Eyre, which likely has a more predictable 

filling regime than Lake Mackay, due to inflow from the tropics via the Georgina and Diamantina Rivers  

(Williams et al. 1990). There is also published data on the aquatic biota of Lake Gregory, however, the system 

is semi-permanent and differs in hydrological regime from most episodic salt lakes of central arid Australia. 
Macrophytes and aquatic invertebrates vary according to sa linity, and typically reflect the low salinity and 
freshwater conditions (Halse et al. 1998).  

There is no published research literature on the naturally saline Lake Mackay and surrounding periphera l 
wetlands. Sampling of aquatic invertebrates is limited to a single study commissioned by Agrimin, completed 

during flooding in early 2017, although towards the end of the hydroperiod , with limited, opportunist ic 

sampling of trenches in January 2018 (Invertebrate Solutions 2017;2018). During that study, aquatic fauna 

samples were collected from three claypans to the south of Lake Mackay, from which a total of eight taxa 

were recorded. The assemblage was dominated by the ostracod (seed shrimp) Penthesilenula brasiliensis,  
the backswimmer Anisops stali , and the diving beetles Cybister tripunctatus, Eretes australis and Paroster 

michaelseni  (Invertebrate Solutions 2017). The only aquatic invertebrates  recorded from the playa were two 

individuals of the dytiscid (diving) beetle Cybister tripunctatus from a trench, with the depauperate 

communityattributed to hypersaline conditions at the time of sampling (range >140,000 µS/cm) (Invertebrate 
Solutions 2017;2018).  
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4.1.3 Flora and Vegetation 

Several flora and vegetation field surveys have been undertaken at Lake Mackay and surrounds. This 

information has been consolidated, with 541 vascular flora species confirmed from 58 families and 189 

genera across the broader Study Area (Stantec 2021c), across all four Development Envelopes. The most  
represented family and genus were Fabaceae and Acacia, respectively. No threatened flora has been 

recorded and based on the results of the database searches, no Threatened flora are expected to occur 
within the Study Area. 

A total of 14 BC Act-listed Priority (P) flora have been identified within the Study Area, comprising three P  1, 

two P 2 and nine P 3 taxa (Table 4-1). A total of 135 flora species were also considered to represent range 

extensions, while several other flora taxa are of special interest, including species of the Acacia, Goodenia,  

Newcastelia, Senna, Tecticornia, and Triodia genera. Five introduced flora species were recorded within the 
Study Area; *Aerva javanica, *Cenchrus ciliaris, *Cenchrus setiger, *Malvastrum americanum, and *Tribulus 

terrestris. The majority of the records were located within the haul road corridor. None of these species 
represent Weeds of National Significance or Declared Pests (Stantec 2021c). 

Several broad landform types occur within the Study Area, the most common of which are sandplains, 

gravelly plains, sand dunes, swales, clay depressions and saline lake margins. The relatively restricted 

landforms included mesas, breakaways and gorges, gullies and minor creeks, and soaks and drainage 

basins, predominantly within the haul road corridor. The vegetation broadly consists of Triodia hummock  
grasslands, with some low height open woodlands comprising eucalypts and Acacia species and low height  

open samphires (Tecticornia) around saline flats and depressions. The vegetation generally represents 

comparable landforms in the Mackay subregion of the Great Sandy Desert and Tanami bioregions. A total 

of 14 broad floristic formations were described within the Study Area and 50 vegetation types were mapped, 

none of which represent a threatened ecological community (TEC) or a priority ecological community (PEC), 
or groundwater-dependent vegetation (Stantec 2021c). 

Riparian zone vegetation has been assessed via a number of field surveys, and occurs within the Study Area 

primarily in association with Lake Mackay and its islands (360 Environmental 2017a; ecologia Environment 
2017; Strategen Environmental 2018). Chenopod shrublands, dominated by Tecticornia spp. fringe the lake 

and islands, typically occurring between the playa and hummock grassland communities. Seven vegetation 

types were considered to support riparian or vadophyte species (typically using water held in the transien tly 

inundated capillary fringe zone of the soil profile, above the water table), including Tecticornia spp., 

Eucalyptus victrix or Melaleuca glomerata. However, no groundwater-dependent vegetation was recorded 
within the Study Area. It is also unlikely that Tecticornia at Lake Mackay are accessing saline groundwater, 
given the depths to groundwater and its salinity (Stantec 2021c). 

Table 4-1: Priority flora species recorded from within the Study Area. 

Species Priority Listing 

Goodenia anfracta P1 

Stackhousia sp. Lake Mackay (P.K.Latz 12870) P1 

Tecticornia globulifera P1 

Goodenia virgata P2 

Thysanotus sp. Desert East of Newman (R.P Hart 964) P2 

Bergia occultipetala P3 

Comesperma sabulosum P3 

Eragrostis lanicaulis P3 

Goodenia halophila P3 

Goodenia modesta P3 

Indigofera ammobia P3 

Rothia indica australis P3 

Senna artemisioides subsp. alicia P3 

Stackhousia clementii  P3 
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4.1.4 Waterbirds 

Three waterbird surveys have been conducted at Lake Mackay, covering the entire lake in 

September/October 2001 (Duguid et al. 2005), within the WA portion of the lake in April 2017 (360 

Environmental 2017b), and again within the WA portion of the lake in March/April 2021 (Stantec 2021a). 
Collectively, these three waterbird surveys recorded at least 34 species of waterbirds including one 

threatened species from the family Rostratulidae, and nine migratory species from the families Laridae (up 
to three species), Scolopacidae (four species) and Threskiornithidae (one species) (Table 4-2). 

These surveys indicate that Lake Mackay and its islands, along with its peripheral wetlands, provide important  

foraging and/or breeding habitat for threatened or migratory waterbird species during major flood events 

(Table 4-2, Figure 4-1). However, flood events need to be of sufficient magnitude and duration to completely 

inundate the lake to a substantial depth (approximately 2 m), which appears to occur, on average, once 
every 10 years. 

A high abundance and diversity of waterbirds was recorded during a two-hour aerial survey followed by 

ground surveys covering the entire lake (Duguid et al. 2005), several months after the major flooding event 
in 2001, which was likely equivalent to a 1 in 40-year event. A total of 42,473 individuals from 20 species (with 

six additional unconfirmed waterbird species) were recorded, of which four were species of conservation 

significance (Duguid et al. 2005). This included more than 1% of the Australian population of the Banded Stilt 

(Cladorhynchus leucocephalus) (12,070 individuals), Black-winged Stilt (Himantopus himantopus) and 
Red-necked Avocet (Recurvirostra novaehollandiae). The lake islands may have provided important  
breeding habitat (and refugia from predators) for some of these species. 

The 2017 waterbird survey (360 Environmental 2017b) followed rainfall equivalent to a 1 in 10-year event and 
was undertaken towards the end of the hydroperiod. This survey found a high abundance of waterbirds 

inhabiting the claypans, comprising 3,273 individuals from 25 species, of which five were species of 

conservation significance (360 Environmental 2017b). While large parts of the lake were inundated at this 

time, only seven species and less than 700 individuals were recorded from the playa. This was possibly 

because the lake could have been in the drying phase of the hydroperiod, as evidenced by a lack of 
aquatic invertebrates within the surface water on the playa (Invertebrate Solutions 2017). During this survey, 

one individual of the Australian Painted Snipe (Rostratula australis), listed as Endangered under the BC Act 

and the EPBC Act, was also recorded. The survey also recorded 502 individuals of the Red-necked Stint 

(Calidris ruficollis), which exceeded 0.1% of the East Asian-Australasian Flyway Population (Environment 
Australia 2016). 

In March/April 2021, following substantial rainfall and inundation, Stantec  undertook a waterbird survey in 

the WA part of the lake (Stantec 2021d;f). A total of 42,194 individuals representing 12 bird species (with one 
additional unconfirmed species), including four significant species were recorded. The survey coincided with 

a period of high aquatic invertebrate productivity observed in the lake (Stantec 2021f). During the survey, 

the central southwestern area on the playa supported large congregations of up to 35,058 individuals of 

waterbirds (in one observation), mostly foraging on the playa. Species largely comprised the Whiskered Tern 

(Chlidonias hybrida) and/or White-winged Black Tern (Chlidonias leucopterus) (12,426), Banded Stilt (5,886) 
and Sharp-tailed Sandpiper (Calidris acuminata) (3,758 to 10,000 per observation). The Sharp-tailed  

Sandpiper observations equated to 4.4% to 11.8% of the estimated East Asian-Australasian Flyway Population  
(Stantec 2021f).  

In addition, during the 2021 survey, there was evidence of Banded Stilts breeding on a small island in the 

south eastern portion of Lake Mackay, corresponding to an area of the playa that retains water for longer, 

maximising foraging resources (Stantec 2021d;f). Records of Banded Stilts breeding on Lake Mackay include 

2001, 2014, 2017 and 2021, indicating Lake Mackay provides important habitat for this species that typically 
has low success rate of fledgeling events. It has been determined that longer hydroperiods are required for 
this purpose; approximately 65 days to support successful chick fledgling (Stantec 2021f). 

 

  



  

November 2021 │ Status: Final│ Project No. 300003312 │ Our ref: LMKA-AQ-2021_02_Report_Final 

Page 41 

Table 4-2: Summary of listed waterbirds at previously recorded at Lake Mackay and peripheral wetlands. 

Common Name 
Cons. Status 

Records 
BC Act EPBC Act 

Threatened Species 

Australian Painted Snipe 

(Rostratula australis) 
EN EN 1 in 2017 

Migratory Species 

Gull-billed Tern 

(Gelochelidon nilotica) 
Mi Mi 

14 in 2001, 39 in 2017, 125 from nine observations 

in 2021 

White-winged Black Tern 

(Chlidonias leucopterus) 
Mi Mi 83 from one observation in 2021 

Glossy Ibis 

(Plegadis falcinellus) 
Mi Mi 110 in 2001 

Gull-billed Tern 

(Gelochelidon nilotica) 
Mi Mi 

339 in 2001 (identification could not be 

confirmed) Caspian Tern 

(Hydroprogne caspia) 
Mi Mi 

White-winged Black Tern 

(Chlidonias leucopterus) 
Mi Mi 4,602 during 2001, 14,583 from three observations 

in 2021 (identification could not be confirmed; 

Whiskered Tern is not a threatened species) Whiskered Tern 

(Chlidonias hybrida) 
- - 

Common Greenshank 

(Tringa nebularia) 
Mi Mi 1 in 2001, 3 in 2017 

Red-necked Stint 

(Calidris ruficollis) 
Mi Mi 502 in 2017 

Sharp-tailed Sandpiper 

(Calidris acuminata) 
Mi Mi 3,758 to 10,000 per observation in 2021, 37 in 2017 

Marsh Sandpiper 

(Tringa stagnatilis) 
Mi Mi 6 from one observation in 2021 
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Table 4-3: Literature review of relevant studies of Lake Mackay and peripheral wetlands.  

Reference Title 
Assessment 

Type 
Sampling Location Sampling Methods Key Findings 

Taxa of Significance /  

Scientific Interest 

(Duguid et al. 2005) 
Wetlands in the Arid Northern 

Territory 
• Waterbirds 

• Fixed wing aerial and 

ground survey of Lake 

Mackay  

• Visual observation from air 

and on ground; list of bird 
species and a count or 

estimate of the number of 

individuals of each bird 

species 

• 20 species of waterbirds with 4 

listed species  

• Breeding site for Banded Stilt of 
national significance (>10,000 

individuals) 

• Low Silver Gull (Larus 

novaehollandiae) population  

• Gull-billed Tern  

• White-winged Black Tern 

• Common Greenshank  

• Glossy Ibis  

• Banded Stilt 

(360 Environmental 2017b) 

Lake Mackay SOP Proposal, 

Waterbird Survey at Lake 

Mackay 

• Waterbirds 

• Ground survey effort 20hrs 

47 minutes; comprising 10 

sites on Lake Mackay and 

seven sites at surrounding 

claypans. 600km targeted 
flight for 45 georeferenced 

sites.  

• Visual observation from 

ground; list of bird species 

and a count or estimate of 

the number of individuals of 

each bird species 

• 25 species of waterbirds with 5 

listed species  

• Low abundance 

• Gull-billed Tern  

• Common Greenshank  

• Sharp-tailed Sandpiper  

• Australian Painted Snipe  

• Red-necked Stint 

(Invertebrate Solutions 2017) 

Survey for Aquatic 

Macroinvertebrates and SRE 
Fauna for the Lake Mackay 

SOP Proposal, Western Australia 

• Aquatic 

ecology 

• SRE invertebrate 

fauna 

• Lake Mackay and 

peripheral wetlands 

• Timed sweep using a 

250 µm dip net. 

• No aquatic invertebrates 

recorded at Lake Mackay 

• Common and widespread 

groups recorded from 

freshwater claypans 

• NA 

(Invertebrate Solutions 2018) 

Survey for Aquatic 

Macroinvertebrates for the 

Lake Mackay SOP Project, 

Western Australia 

• Aquatic 

Ecology 
• Lake Mackay • Opportunistic sampling 

• One common, widespread 
aquatic invertebrate species 

recorded from the lake 

 

• NA 

(Stantec 2021c) 

Lake Mackay Potash Project, 

Detailed Flora and Vegetation 

Survey and Consolidation 

• Flora and 

vegetation 
• Lake Mackay 

• A total of 138 50 m x 50 m 

quadrats and 16 relevés. 

Mapping notes, targeted 

searches and targeted 

collections. Consolidation 

of previous surveys. 

• 14 broad floristic formations 

• 50 vegetation types 

• Vegetation condition ranked as 

Excellent 

• 11 Priority flora taxa previously 

recorded 

• 5 Priority flora taxa from survey: 

○ Stackhousia sp. Lake Mackay 

(P.K.Latz 12870) (P1) 

○ Goodenia virgata (P2) 

○ Comesperm sabulosum (P3) 

○ Eragrostis lanicaulis (P3)  

○ Indigofera ammobia (P3) 

• 11 taxa of other significance 

(inclusive of those recorded in 

previous surveys) 

• Numerous range extensions 

(Stantec 2021d) 

Lake Mackay Potash Project: 

Detailed and Targeted 

Vertebrate Fauna Survey and 

Consolidation 

• Vertebrate 

fauna 

• Lake Mackay, NIDE and 

surrounds 

• Detailed and targeted 
surveys employing trapping, 

transects, motion cameras, 

acoustics, and visual 

observations. Consolidation 

of previous surveys 

including habitat mapping. 

• 10,283 ha of potential Night 

Parrot habitat 

• Population size expanded to a 

total of 64 Great Desert Skink 

burrows 

• Consolidated mapping of the 

Project area 

19 significant species including: 

• 4 mammals 

• 3 reptiles 

• 12 birds, up to 8 of which were 

migratory-listed waterbirds 
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Reference Title 
Assessment 

Type 
Sampling Location Sampling Methods Key Findings 

Taxa of Significance /  

Scientific Interest 

(Stantec 2021f) 
Targeted Waterbird Survey, 

2021 
• Waterbirds 

• Lake Mackay and 

peripheral wetlands 

• Visual observation from air 

and on ground; list of bird 

species and a count or 

estimate of the number of 

individuals of each bird 

species 

• 12 species of waterbirds with 4 

listed species 

• Breeding evidence for Banded 
Stilts, Gull-billed Terns and 

Whiskered Terns 

Waterbirds 

• Gull-billed Tern 

• White-winged Black Tern 

• Sharp-tailed Sandpiper 

• Marsh Sandpiper 

• Banded Stilt 
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Figure 4-1: Threatened and migratory waterbirds records from Lake Mackay and peripheral wetlands (Stantec 2021b). 
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4.2 Ecological Assessment 

4.2.1 Surface Water Quality 

Ephemeral salt lakes are common throughout the inland region of WA and Australia, and often exhibit  

substantial fluctuations in their chemical and physical properties (Geddes et al. 1981a; Williams 1967). They 

are primarily influenced by their filling and drying phases, referred to as the hydroperiod (Boulton and Brock  
1999). During the initial stages of major flood events, salt lakes often display relatively homogenous water 

quality conditions, with salinity increasing as water levels recede due to evapoconcentration (McComb and 

Lake 1990). In comparison, peripheral wetlands on the margins of salt lakes are often characterised as 

freshwater (Timms et al. 2006). Variable and changing water quality affect the aquatic biota assemblage of 
inland waters, influencing species diversity and composition (Ghetti and Ravera 1994).  

During flooded conditions of the Study, in February and March/April 2021 (field survey 4 and 5), surface water 

pooled in topographic lows in the south eastern parts of Lake Mackay, and adjacent to the landform islands 
in the central and north eastern portions of the lake, forming channels. Water depth in the latter survey of 

the lake ranged from 5 cm (LMF4) to 20 cm (LMF12) (Table 3-5). The pilot pond (LMF10) in the south was 

deeper (50 cm) due to excavation of the playa. The island claypan (LMF11) was extremely shallow (1 cm), 

while the remaining peripheral wetlands ranged from 3 cm (PWF2) to 42 cm (PWF5) in depth (Table 3-5). The 

size of the peripheral wetlands varied widely (from <1 ha to >80 ha), however they are typically considered 
impervious and can have lengthy water retention times following substantial rainfall (Timms et al. 2006). 

The pH of Lake Mackay during the Study was acidic and circumneutral (Foged 1978), ranging from 6.45 

(LMF1) to 6.66 (LMF6), with an average of 6.60 (Table 4-4, Table 4-5). LMF11 also fell within this range (pH 6.63) 
(Figure 4-2). Peripheral claypans were similar, with pH ranging from 6.62 (PWF2) to 6.70 (PWF8) with an 

average of 6.66, while the peripheral saltpans were also comparable (6.63 and 6.66 at PWF7 and PWF4, 

respectively). In situ pH measurements at the lake and peripheral wetlands were within the ANZG (2018) DGV 

for wetlands (6.0-8.0) (Table 4-5). In comparison, pH recorded during the rewetting trials of the Study was 
more alkaline (pH≥7.5) (Appendix B). When inundated, pH varies according to factors such as surface runoff 

(which may be poorly buffered), the presence of organic matter and local catchment geology (Boulton 

and Brock 1999; Smith et al. 2004). Biological processes including photosynthesis and respiration also 

influence pH (Reddy and DeLaune 2008). While acidic conditions may be slightly unusual for salt lakes in WA, 
acidic conditions are known from the Goldfields region (Gregory 2008; Smith et al. 2004). 

Salinity, measured as electrical conductivity (EC), varied across the Lake Mackay sites during the Study, 

ranging from 29,800 µs/cm (LMF5) to 131,000 µs/cm (LMF9), with an average of 58,400 µs/cm (Table 4-4;  

Table 4-5), considered mesosaline and hypersaline, respectively (Hammer 1986). The salinity of the pilot  
evaporation pond (LMF10) was elevated 160,000 µs/cm, likely reflecting mixing with hypersaline 

groundwater. A similar range of salinity concentrations were also recorded over the course of the rewetting 

trials (Appendix B). Lower salinities can be expected at the start of the hydroperiod, progressively increasing 
as the lake enters the drying phase, potentially by an order of magnitude (Smith et al. 2004).  

The two peripheral saltpans had higher salinities (PWF4; 22,400 µs/cm and PWF7; 40,800 µs/cm) during the 

Study, classified as hyposaline and mesosaline, while the remaining peripheral wetlands ranged from 

62 µs/cm (PWF8) to 2,890 µs/cm (PWF3), with an average of 570 µs/cm, classified as freshwater (Hammer 
1986). (Figure 4-2). Freshwater conditions were also associated with the island claypan (LMF11). Total 

dissolved solids (TDS) generally followed EC (Table 4-4; Table 4-5). However, at some of the periphera l 

wetlands (as well as the island claypan), TDS was also influenced by fine suspended particulate materia l 

and was likely to represent the organic fraction of TDS (Boulton and Brock 1999). Waterbodies found along 

the margins of salt lakes in WA are often less saline than the adjacent playa, with many characteri sed as 
freshwater and highly turbid during flooded conditions (Taukulis et al. 2012). 

During the Study, the dominance of cations in the surface water at Lake Mackay and peripheral wetlands 
followed Na>Ca>K>Mg, while anions followed Cl>SO4>HCO3>CO3 within the playa and SO4>Cl>HCO3>CO 3 

in the peripheral wetlands (Table 4-4; Table 4-5). While sodium and chloride are the typical dominant ions 

associated with salt lakes in WA, variable patterns are also common (Geddes et al. 1981b; Gregory 2008; 

Williams and Buckney 1976). Local and regional differences is known to occur due to varying weathering of 

soils and base rocks within the catchment, as well as the dissolution of gypsum from the sediment during 
flooding (Boulton and Brock 1999). 
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Total nitrogen (TN) concentrations in the surface water during the Study were higher than total phosphorus 

(TP) concentrations across all sites, considered typical of inland waters (Gregory 2008). Average TN was 

highest at the peripheral claypans (1.49 mg/L) compared to Lake Mackay (0.59 mg/L) and saltpans 
(0.27 mg/L) (Table 4-4), although the island claypan (LMF11), had the maximum TN concentration of 

8.91 mg/L (Table 4-5). These trends were also observed for the concentration of nitrogenous compounds 

(NO2 and NO3). Elevated background TN levels in the peripheral wetlands (as well as the island claypan), 

naturally exceeded the ANZG (2018) DGV for wetlands (1.2 mg/L) (Figure 4-3), and was likely associated 

with the release of nutrients from newly-wetted sediment and/or allochthonous input of organic materia l 
from riparian vegetation (Boulton and Brock 1999; Wetzel 2001).  

Average TP concentrations showed a similar trend during the Study, and were naturally elevated above the 

ANZG (2018) DGV for wetlands (0.05 mg/L) at freshwater peripheral claypans (2.06 mg/L) compared to 
peripheral saltpans (0.04 mg/L) and the lake (0.17 mg/L) (Table 4-4, Figure 4-3). Peripheral claypan PWF6 

had the highest TP (7.29 mg/L) (Table 4-5), with TP-rich conditions potentially corresponding to algal growth 
and/or a build-up of organic material (Boulton and Brock 1999; Rissik and Suthers 2009).  

The majority of dissolved metals in surface water at the Lake Mackay sites were below respective analytica l 

detection limits (limit of reporting; LOR), or where detected, were below ANZG (2018) DGVs for marine water 

during the Study (Table 4-5). This is to be expected given the isolated nature and size of Lake Mackay, which 

receives only minor catchment inflows from the surrounding region, limiting transport pathways for deposition 
of mineralised sediment. In contrast, dissolved metals were typically higher at the periph eral wetlands 

(claypans and saltpans) (Table 4-4), with aluminium, chromium, cobalt, copper, iron, lead, selenium and 
zinc exceeding their respective ANZG (2018) DGVs for marine and freshwaters (Figure 4-4, Figure 4-5).  

Specifically, aluminium and iron were elevated at the peripheral wetlands, with average concentrations 

approximately 100 and 250 times higher, respectively, than the playa of Lake Mackay (Table 4-4). It is likely 

that elevated aluminium concentrations were associated with colloidal clays present in silicates, related to 

high suspended solids caused by flooding (G. Clarke pers. comm. 2015). High concentrations of iron may 
have been introduced from the flushing of naturally-enriched ferruginous pisolitic pebbles scattered across 

the surface of peripheral wetlands. There was also a high degree of spatial variability evident across the 

peripheral wetlands, which may reflect differences in the local geology of the adjacent dune systems along 

the southern margins of Lake Mackay. In addition, the solubility of metals in surface waters is highly variable, 

dependent on factors such as pH, reduction-oxidation potential, and the availability of organic matter 
(Reddy and DeLaune 2008). 

4.2.1.1 Trends 

The PCA (Figure 4-6) showed some variation in water quality within and between Lake Mackay and 
peripheral wetland sites under flooded conditions, primarily based on lake hydrology and topography. Lake 

Mackay sites located towards the central basin (LMF2 and LMF9) were distinct from all other sites, associated 

with elevated TDS, nutrients and some dissolved metals (zinc and cadmium) (Figure 4-6). This suggests the 

central basin represents a depositional zone, where surface water pools during the hydroperiod, resulting in  
an accumulation of salts and organic material over time. To a lesser extent, LMF4 and LMF1 were also 

separate (Figure 4-6), with LMF4 receiving surface flow from the central basin due to the lake’s natural 

topographic relief. LMF1, located to the southeast of the lake, receives inflows from the west and south, and 

typically supports surface water for an extended duration following rainfall events. Among periphera l 

wetlands, sites to the southeast of the lake (PFW8 to PFW11) were distinct (Figure 4-6), likely reflect ing 
localised differences in water quality due to differences in geology, site location amongst dune systems, 
associated fringing riparian vegetation, as well as mineral substrate (i.e. freshwater claypan vs saltpan). 

The following key trends were identified during the Study: 

• During flooded conditions, Lake Mackay, peripheral wetland and island claypan surface waters were 

slightly acidic (pH 6.4 to 6.7). Shifts in pH occur as the hydroperiod progresses, where pH b ecomes acidic 
(6.2) to alkaline (7.6) at Lake Mackay, and alkaline (8.5 to 9) at peripheral wetlands. Variation in pH can 

be attributed to factors such as surface runoff, level of biological productivity, the presence of organic 
matter and local catchment geology; 

• Salinity varied across Lake Mackay under flooded conditions, ranging from hyposaline (29,800 µs/cm) to 

hypersaline (131,000 µs/cm), with salinity increasing substantially throughout the hydroperiod (over 
200,000 µs/cm) due to evapoconcentration and dissolution of high salt loads in the basin; 

• Comparatively, salinity at most peripheral wetlands, as well as the island claypan, was fresh when 

inundated (<3,800 µs/cm). However, peripheral wetland salinity recorded from rewetting trials was much 

higher (20,000 µs/cm to188,000 µs/cm), reflecting the potential for natural salinisation as water levels 
recede; 
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• Nutrient concentrations were generally low at Lake Mackay under flooded conditions, in comparison to 

peripheral wetlands and the island claypan. Background total nitrogen and total phosphorus 

concentrations were above respective (ANZG 2018) DGVs for marine water at the majority of periphera l 
wetlands, as well as the island claypan, likely associated with allochthonous input of organic materia l 
from riparian vegetation habitats, and the release of nutrients from newly-wetted sediment; 

• The majority of dissolved metals at Lake Mackay were typically below analytical limits of reporting or, 
where detected, below (ANZG 2018b) DGVs for marine water. This was likely due to the isolated nature 

of Lake Mackay, which receives only minor catchment flows from the surrounding region, limiting 
transport pathways for deposition of mineralised sediment; 

• Some dissolved metals were naturally higher within peripheral wetlands. Concentrations of aluminium 

and iron at peripheral wetlands, were approximately 100 and 250 times above Lake Mackay 

concentrations, respectively, which may be related differences in the local geology and groundwater 
discharge rates. 

Typical of salt lakes in WA, water quality at Lake Mackay is strongly influenced by its filling and drying phases, 

with a low salinity period and relatively homogenous pH, nutrients and metals during initial inundation, and 

salinity increasing as water levels recede. In contrast, most peripheral wetlands appear to be perched on 
an underlying clay layer, and therefore hold fresh water throughout the hydroperiod. The periphera l 

wetlands experience greater variation in nutrient and metals levels, influenced by fringing riparian 

vegetation, geology and localised interaction with groundwater. Major flood events such as those occurring 

in early 2021, and associated lower salinity, initiate the emergence of aquatic biota, creating a productiv e 
biological community, which shifts to a more salt tolerant assemblage as salinity increases as the hydroperiod  
progresses (Taukulis 2016; Taukulis et al. 2014). 
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Table 4-4: Minimum, maximum and average surface water quality values from field surveys 4 and 5 during the Study (flooded conditions). 

Water Quality Parameters 

Lake Mackay Pond Island Peripheral Wetlands Peripheral Saltpans 

M
in

 

A
v
e

 

M
a

x 

LM
F1

0
 

LM
F1

1
 

M
in

 

A
v
e

 

M
a

x 

P
W

F7
 

P
W

F4
 

B
a

si
c

 

pH (units) 6.45 6.604 6.66 6.61 6.63 6.62 6.66 6.7 6.63 6.66 

EC (µs/cm) 29,800 58,400 131,000 160,000 3,820 62 570 2,890 40,800 22,400 

Total Dissolved Solids 20,800 44,220 107,000 126,000 69,900 1,330 3,550 6,860 34,600 15,900 

Temperature (oC) 18.0 26.7 32.2 32.0 22.4 29.0 33.0 35.0 27.0 35.0 

Depth (cm) 5 12 20 50 1 3 14 42 8 10 

M
a

jo
r 

io
n

s 

Sulphate 3,750 6,110 12,800 13,800 934 2 194 1,410 12,800 3,420 

Chloride 8,120 19,222 49,600 54,600 793 6 52 143 8,720 6,270 

Calcium 845 1,118 1,300 863 271 1 71 538 581 667 

Magnesium 132 316 839 1,400 9 1 6 36 267 83 

Sodium 6,580 14,164 34,800 42,100 586 12 55 146 11,100 4,720 

Potassium 441 890 2,180 1,810 70 3 16 64 642 220 

N
u

tr
ie

n
ts

 Nitrite + Nitrate 0.002 0.0201 0.183 0.011 8.15 0.004 0.376 1.19 <0.002 0.002 

Total Kjeldahl Nitrogen 0.241 0.5822 1.61 2.3 <1 0.002 1.279 2.3 0.246 0.29 

Total Nitrogen 0.241 0.5929 1.61 2.31 8.91 0.002 1.492 3.2 0.246 0.292 

Total Phosphorus 0.014 0.1672 0.605 0.58 0.166 0.028 2.058 7.29 0.064 0.017 

M
e

ta
ls
 

Aluminium <0.005 0.008 0.025 <0.025 <0.005 <0.005 2.364 5.51 0.006 <0.005 

Arsenic 0.0018 0.00277 0.0054 0.0067 0.0006 0.0004 0.0012 0.0032 0.0016 0.0014 

Barium 0.03 0.05 0.118 0.091 0.106 0.004 0.046 0.073 0.033 0.042 

Beryllium <0.0001 0.00016 0.0005 <0.0005 <0.0001 <0.0001 0.0002 0.0004 <0.0001 <0.0001 

Cadmium <0.0002 0.00032 0.001 0.0005 <0.00005 <0.0001 0.0001 0.0001 <0.0002 <0.0002 

Chromium <0.0005 0.0008 0.0025 <0.0025 0.0007 <0.0002 0.0017 0.0032 <0.0005 <0.0005 

Cobalt <0.0002 0.00023 0.0005 0.0015 0.0002 0.0003 0.0008 0.0016 <0.0002 <0.0002 

Copper <0.001 0.0016 0.005 <0.005 0.0024 0.002 0.004 0.008 0.003 0.002 

Iron 0.005 0.0094 0.025 <0.025 <0.002 0.003 1.124 2.27 <0.005 <0.005 

Lead <0.0002 0.00032 0.001 <0.001 <0.0001 <0.0001 0.0019 0.0036 <0.0002 <0.0002 

Manganese 0.0018 0.00574 0.023 0.764 0.0345 0.0009 0.0297 0.0657 0.0068 0.0008 

Mercury <0.00004 0.000076 0.0002 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 

Nickel <0.0005 0.0008 0.0025 <0.0025 0.001 0.0006 0.0014 0.0023 <0.0005 <0.0005 

Selenium <0.002 0.0023 0.005 <0.005 0.0013 <0.0002 0.001 0.003 0.027 <0.002 

Vanadium 0.0151 0.02948 0.0645 0.0174 0.001 0.0069 0.0143 0.0192 0.0199 0.0123 

Zinc <0.005 0.0097 0.025 <0.025 <0.001 <0.001 0.004 0.008 0.008 <0.005 

Note: Units are mg/L unless stated; dissolved metal concentrations; note pilot pond (LMF10) removed from dataset ranges. 
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Table 4-5: Summary of analytical results for surface water quality from field surveys 4 and 5 during the Study (flooded conditions). 

Water Quality Parameters 

Lake Mackay Peripheral Wetlands ANZG (2018) DGVs 
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W
e

tl
a
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Fr
e

sh
 

M
a
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n

e
 

B
a
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c

 

pH (units) 6.45 6.62 6.59 6.65 6.6 6.66 6.64 6.62 6.61 6.61 6.63 6.6 6.7 6.62 6.64 6.66 6.65 6.64 6.63 6.7 6.65 6.69 
6.0 - 

8.0 
- - 

Electrical Conductivity 

(µs/cm) 
46,400 109,000 43,700 66,200 29,800 46,600 36,400 33,400 131,000 160,000 3,820 41,500 285 586 2,890 22,400 183 276 40,800 62 170 108 - - - 

Total Dissolved Solids 36,400 85,100 30,700 51,100 20,800 32,600 26,100 23,700 107,000 126,000 69,900 28,700 6,800 1,330 2,590 15,900 2,230 6,860 34,600 2,810 3,030 2,750 - - - 

Water Temperature 

(oC) 
30 30 29 18 28 19 24 28 32 32 22 29 34 33 33 35 29 35 27 31 34 34 - - - 

Water Depth (cm) 15 5 10 5 12 17 16 13 9 50 1 20 13 3 3 10 42 10 8 11 14 19 - - - 

M
a

jo
r 

Io
n

s 

Sodium 11,400 27,400 10,000 15,700 6,580 10,900 8,030 7,380 34,800 42,100 586 9,450 56 83 146 4,720 30 56 11,100 12 32 21 - - - 

Calcium 845 869 995 1,230 1,090 1,130 1,190 1,240 1,290 863 271 1,300 <1 23 538 667 1 1 581 1 <1 1 - - - 

Potassium 765 1,420 632 1,020 441 712 573 516 2,180 1,810 70 643 10 23 64 220 10 9 642 4 3 7 - - - 

Magnesium 230 684 204 316 132 233 172 159 839 1,400 9 193 1 3 36 83 <1 <1 267 1 <1 2 - - - 

Chloride 15,400 38,400 12,700 21,200 8,120 13,700 10,500 9,500 49,600 54,600 793 13,100 78 56 143 6,270 26 48 8,720 6 40 20 - - - 

Sulphate 6,250 9,600 4,710 6,540 3,800 5,230 3,860 3,750 12,800 13,800 934 4,560 9 87 1,410 3,420 13 13 12,800 2 2 16  - - 

Total Alkalinity 22 10 26 25 28 28 26 25 29 53 96 28 27 113 52 32 31 47 12 25 16 24 - - - 

N
u

tr
ie

n
ts

 

Nitrite + Nitrate <0.002 <0.002 0.002 0.183 <0.002 <0.002 <0.002 <0.002 <0.002 0.011 8.15 <0.002 0.88 0.004 0.005 0.002 0.442 1.19 <0.002 0.03 0.12 0.34 0.01 
0.7E 

2.1T 
- 

Total Kjeldahl 

Nitrogen 
1.13 1.61 0.436 <0.25 0.297 0.241 0.308 0.341 0.944 2.3 <1 0.265 2.3 1.03 1.5 0.29 <1 <0.002 0.246 1.6 1.4 1.4 - - - 

Total Nitrogen 1.13 1.61 0.438 0.355 0.297 0.241 0.308 0.341 0.944 2.31 8.91 0.265 3.2 1.03 1.5 0.292 1.4 0.002 0.246 1.6 1.5 1.7 1.2 - - 

Total Phosphorus 0.229 0.605 0.142 0.097 0.083 0.014 0.078 0.082 0.277 0.58 0.166 0.065 3.75 0.244 0.028 0.017 1.26 7.29 0.064 1.29 1.28 1.32 0.05  - 

M
e

ta
ls

 

Aluminium <0.005 <0.01 <0.005 <0.01 <0.005 <0.005 <0.005 <0.005 <0.025 <0.025 <0.005 <0.005 3.33 0.16 <0.005 <0.005 0.814 

sa
m

p
le

 
c

o
u

ld
 n

o
t 

b
e

 p
ro

c
e

ss
e

d
 

0.006 2.25 5.51 4.48 - 0.055 - 

Arsenic 0.003 0.0054 0.0024 0.0026 0.002 0.0019 0.0018 0.0018 0.0049 0.0067 0.0006 0.0019 0.0009 0.0032 0.0017 0.0014 0.0008 0.0016 0.0004 0.0007 0.0008 - 0.024 - 

Barium 0.052 0.071 0.038 0.052 0.033 0.03 0.038 0.03 0.118 0.091 0.106 0.038 0.0645 0.0226 0.0733 0.042 0.0044 0.033 0.0613 0.0664 0.0321 - - - 

Beryllium <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0005 <0.0005 <0.0001 <0.0001 0.0004 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 0.0003 0.0003 - - - 

Cadmium <0.0002 0.0004 <0.0002 <0.0004 <0.0002 <0.0002 <0.0002 <0.0002 <0.001 0.0005 <0.00005 <0.0002 <0.00005 <0.00005 <0.00005 <0.0002 <0.00005 <0.0002 <0.00005 <0.00005 <0.00005 - 0.0002 0.0007 

Chromium <0.0005 <0.001 <0.0005 <0.001 <0.0005 <0.0005 <0.0005 <0.0005 <0.0025 <0.0025 0.0007 <0.0005 0.0031 0.0004 <0.0002 <0.0005 0.0008 <0.0005 0.0014 0.0032 0.0028 - 0.00031 0.0274 

Cobalt <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0005 0.0015 0.0002 <0.0002 0.0008 0.0003 0.0004 <0.0002 0.0003 <0.0002 0.0009 0.0016 0.0013 - - 0.001 

Copper <0.001 <0.002 0.001 <0.002 <0.001 <0.001 <0.001 <0.001 <0.005 <0.005 0.0024 <0.001 0.0029 0.0075 0.0042 0.002 0.0017 0.003 0.0021 0.0033 0.0035 - 0.0014 0.0013 

Iron 0.007 0.02 <0.005 <0.01 <0.005 <0.005 0.007 <0.005 <0.025 <0.025 <0.002 <0.005 1.78 0.092 0.003 <0.005 0.603 <0.005 0.947 2.17 2.27 - 0.7  

Lead <0.0002 <0.0004 <0.0002 <0.0004 <0.0002 <0.0002 <0.0002 <0.0002 <0.001 <0.001 <0.0001 <0.0002 0.0028 <0.0001 <0.0001 <0.0002 0.0008 <0.0002 0.0021 0.0036 0.0035 - 0.0034 0.0044 

Manganese 0.0039 0.0018 0.0023 0.0029 0.0083 0.003 0.023 0.0077 <0.0025 0.764 0.0345 0.002 0.0196 0.0077 0.0009 0.0008 0.0096 0.0068 0.0447 0.0597 0.0657 - 1.9  

Mercury <0.00004 <0.00020 <0.00004 <0.00008 <0.00004 <0.00004 <0.00004 <0.00004 <0.00020 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 <0.00004 - 0.00006 0.0001 

Nickel <0.0005 <0.001 <0.0005 <0.001 <0.0005 <0.0005 <0.0005 <0.0005 <0.0025 <0.0025 0.001 <0.0005 0.0013 0.0013 0.0006 <0.0005 0.0007 <0.0005 0.0014 0.0023 0.0023 - 0.011 0.007 

Selenium <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.005 <0.005 0.0013 <0.002 0.0003 0.0007 0.0028 <0.002 0.0002 0.027 <0.0002 <0.0002 0.0002 - 0.005  

Vanadium 0.0348 0.0317 0.0196 0.0383 0.0203 0.0263 0.0151 0.0175 0.0645 0.0174 0.001 0.0267 0.0192 0.0163 0.0148 0.0123 0.0069 0.0199 0.0088 0.0166 0.0178 -  0.1 

Zinc 0.015 <0.01 <0.005 <0.01 <0.005 0.012 <0.005 <0.005 <0.025 <0.025 <0.001 <0.005 0.005 <0.001 <0.001 <0.005 0.002 0.008 0.003 0.008 0.008  0.008 0.015 

Note: Units are mg/L unless state; LMF10 is a pilot pond and LMF11 is an island claypan; dissolved metal concentrations; grey shading indicates values that exceed respective ANZG (2018) DGVs; E denotes DGV represents eutrophication risk; T  denotes DGV represents toxicity risk. 
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Figure 4-2: Water quality of Lake Mackay during the Study; (A) pH, showing ANZG (2018) lower DGV (---) and 
upper DGV (―), (B) salinity, and (C) temperature. 
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Figure 4-3: Water quality of Lake Mackay during the Study; (A) NO X, (B) total nitrogen, and (C) total 

phosphorus, showing ANZG (2018) eutrophication DGV (―) and toxicity DGV (―). 
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Figure 4-4: Water quality of Lake Mackay during the Study; (A) aluminium, (B) chromium, and (C) cobalt , 

showing ANZG (2018) Fresh DGV (―) and Marine DGV (―). 
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Figure 4-5: Water quality of Lake Mackay during the Study; (A) copper, (B) lead, and (C) zinc, showing ANZG 

(2018) Fresh DGV (―) and Marine DGV (―). 
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Figure 4-6: PCA of water quality of Lake Mackay and peripheral wetlands 
during the Study, with 68 % variation in the data explained by the first two 
axes (=Lake Mackay, ⚫=island claypan and =peripheral wetlands 

during flooded conditions). 

 

 

  



  

November 2021 │ Status: Final│ Project No. 300003312 │ Our ref: LMKA-AQ-2021_02_Report_Final 

Page 55 

4.2.2 Sediment Quality 

Lake sediment properties vary laterally and vertically (McKenzie et al. 2004), in association with the 

hydroperiod of inland waters in WA and throughout Australia (Boulton and Brock 1999; McComb and Qui 

1998). In larger salt lakes, sediment quality may also be particularly heterogeneous (Simpson et al. 2005), 
due to differences in geomorphology and hydrogeochemica l processes across the playa (URS Australia Pty 

Ltd 2013). Lake sediment also supports microrgansims (Pulford and Flowers 2006) and the dormant eggs and 
spores of aquatic biota (Boulton and Brock 1999). 

Sediment quality varied between Lake Mackay and peripheral wetlands, as well as differing between 

surveys conducted in dry (field survey 1) and flooded conditions (field surveys 4 and 5). Sediment pH ranged 

from strongly acidic (5.4 at PWF5) to strongly alkaline (8.50 at PWF7) (Hazelton and Murphy 2007) (Table 4-6, 

Figure 4-7). During dry conditions, Lake Mackay sites had a narrow pH range, from 6.6 (LMD1) to 7.1 (LMD3, 
LMD14), classified as slightly acidic to circumneutral (Hazelton and Murphy 2007). However, pH was more 

alkaline during flooded conditions, ranging from 7.4 (across multiple sites) to 7.9 (LMF1, LMF2) (Table 4-7). In 

addition, the pilot pond recorded an alkaline pH of 8.4 (Table 4-6). The peripheral wetlands ranged from 7.3 

(PWD1) to 8.1 (PWD4) during dry conditions, however, was more variable during flooded conditions, ranging 

from 5.4 (PWF8) to 8.5 (PWF1 and PWF3) (Table 4-8). These fluctuations in sediment pH are most likely related 
to rewetting of sediment and subsequent hydrogeochemical reactions and microbial activity, which can 

substantially influence the precipitation and dissolution of ions and metals (Connell 2005; Reddy and 
DeLaune 2008). 

Sediment salinity (measured as total soluble solids; TSS) was also highly variable during the Study, with the 

Lake Mackay sites ranging from 74,800 mg/kg (LMD13) to 179,000 mg/kg (LMD9) during dry conditions, and 

diluting substantially during flooded conditions, ranging from 20,700 mg/kg (LMF4) to 58,100 mg/kg (LMF9) 

(Table 4-7, Figure 4-7). Sediment salinity for the pilot pond (LMF10) was higher at 69,700 mg/kg. The 
peripheral wetlands (including saltpans) ranged from 78,200 mg/kg (PWD3) to 302,000 mg/kg (PWD6) during 

dry conditions although also showed a considerable reduction during flooded conditions, ranging from 

80 mg/kg (PWF9) to 46,000 mg/kg (PWF2) (Table 4-8). The island claypan (LMF11) of the lake was at the lower 

end of this range (643 mg/kg). Salt lakes throughout WA are known to exhibit a high degree of spatial and 

temporal heterogeneity in relation to sediment salinity and salt loads, which vary over the course of the 
hydroperiod (Gregory 2008; Taukulis 2007). 

A thin, intact salt crust was observed at most sites during dry conditions (typically 1 mm thick), and was up 

to 30 mm thick at LMD8, while the peripheral saltpan PWD6 also had a substantial salt crust (20 mm thick ) 
(Table 4-6). The salt crust was generally thicker on the playa of Lake Mackay particularly throughout the 

central areas of the lake, reflecting the accumulation of salts from catchment runoff and 

evapoconcentration within the basin over time, as well as the precipitation of gypsiferous material in some 

parts of the lake (Boulton and Brock 1999). However, the high rainfall in early 2021 resulted in the dissolut ion 
and dissipation of salts on the playa and saltpans, which is a natural part of the hydrological regime 
associated with inland waters in WA (McComb and Lake 1990). 

The dominant cation in the sediment across all sites during both dry and flooded  conditions of the Study was 
Na (Table 4-6, Table 4-7), while the dominance of minor cations (Ca, Mg and K) was interchangeable (Table  

4-7). While Cl was typically the dominant anion in the sediment during dry conditions, SO 4 became prevalent  

during flooded conditions within the lake and, to a lesser degree, in the peripheral wetlands (Table 4-7, Table  

4-8). This change is likely due gypsiferous minerals associated with the lakebed (Boulton and Brock 1999) and 

differing local geology across the peripheral wetlands affecting minor ionic constituents (Chakrapani 2002; 
Gorham 1961).  

Sediment TN was greater than TP at the majority of sites (Table 4-6, Figure 4-7, Figure 4-10) in both during dry 
and flooded conditions of the Study. At the lake, TN concentrations ranged from 80 mg/kg (LMD9) to 

330 mg/kg (LMD14), while TP ranged from 42 mg/kg (LMD6) to 115 mg/kg (LMD5) during dry conditions. 

During flooded conditions, TN concentrations within the lake decreased slightly, and ranged from 20 mg/kg 

(LMF1) to 130 mg/kg (LMF4, LMF12), while TP decreased and ranged from 26 mg/kg (LMF1) to 107 mg/kg 

(LMF6) (Table 4-7). Nutrient concentrations (TN and TP) for the pilot pond (LMF10; 270 mg/kg and 180 mg/kg, 
respectively) were higher and may represent interaction with groundwater due to excavation. Nutrient  

concentrations in the sediment of salt lakes varies over the course of the hydroperiod, typically in response 
to the mineralisation of organic matter by microbes (Boulton and Brock 1999).  
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The peripheral wetlands displayed a greater variability in nutrient concentrations as well as higher maxima, 

in comparison to the lake. Sediment TN ranged from 130 mg/kg (PWD3) to 1,380 mg/kg (PWD6), while TP 

ranged from 56 mg/kg (PWD7) to 223 mg/kg (PWD6) during dry conditions (Table 4-8). During flooded 
conditions, the concentrations varied from 30 mg/kg (PWF1, PWF8) to 460 mg/kg (PWF3) for TN, and from 

26 mg/kg (PWF8) to 111 mg/kg (PWF4) for TP (Table 4-8). The island claypan (LMF11) exhibited moderate 

nutrient concentrations (of >200 mg/kg) (Table 4-7). This higher variability in peripheral wetlands may reflect  

increased allochthonous inputs of organic matter from riparian vegetation and grasses amongst dune 

systems (supported by increased total organic carbon concentrations) (Figure 4-8). In addition, periphera l 
wetlands may support a higher diversity of algae and aquatic invertebrates during flooded conditions, 

contributing to nutrients within the sediment due to the boom bust ecology of temporary inland waters 
(Boulton and Brock 1999). 

Metals in the sediment at both the lake and peripheral wetland sites, during both dry and flooded conditions 

were below the ANZG (2018) DGVs for sediment quality (Table 4-6, Table 4-7). Several metals (arsenic, 

beryllium, cadmium, cobalt, lead, mercury, nickel and selenium) were also below their respective LORs 

during the Study (Table 4-6, Table 4-7). Of note, during flooding, the lake sites LMF1 and LMF10, and the 

island claypan LMF11, had comparatively higher concentrations of most metals in the sediment (Table 4-7). 
At the peripheral wetlands, metal concentrations were greater at the saltpan site PWD6 (Table 4-8). More 

broadly, the peripheral wetlands also showed greater variability in metal concentrations that the lake si tes 

(Figure 4-10), likely attributed to local catchment geology and runoff. These spatial and temporal variations 

in metal concentrations is consistent w ith many inland salt lakes throughout WA, which are characterised by 
naturally elevated concentrations of metals, attributed to catchment mineralisation (Gregory 2007). 

4.2.2.1 Trends 

The PCA showed sediment quality was relatively homogenous within and amongst Lake Mackay and 
peripheral wetlands during dry and flooded conditions (Figure 4-10). However, there were some differences 

in sediment quality at individual sites. The larger peripheral wetlands (sites PWD6/PWF6 and PWD4) were most  

distinct (Figure 4-10), presumably due to maintaining surface waters for a greater duration and supporting 

highly productive ecosystems, with desiccation of biota inputting nutrients and minerals into the sediments. 

The island claypan (LMF11) was also distinct (Figure 4-10), reflecting low salinity and elevated nutrient and 
metals, representative of high productivity during flooded conditions. Of the Lake Mackay sites, LMF1, 

located within the southeast portion of the lake, was separate from all other sites (Figure 4-10). This site likely 

receives surface flow from the south and west and typically supports surface water for an extended duration, 

indicating a depositional zone within the lake, with sediment quality influenced by the accumulation of salts, 
minerals and organic material over time. 

The following key trends were identified during the Study: 

• Sediment pH at Lake Mackay ranged from neutral to alkaline (pH 6.6 to 8.1) during dry conditions, 

trending to alkaline when in flood (pH 7.4 to 7.9). Similarly, pH at peripheral wetlands was neutral to 

alkaline when dry (7.3 to 8.4); however, was more variable during flooded conditions (pH 5.4 to 8.5). 
Sediment at the island claypan, only sampled when flooded, was neutral (pH 7.4);  

• Sediment salinity at Lake Mackay was relatively high during dry conditions (up to 179,000 mg/kg), with 

dilution occurring during flooded conditions (maxima of 58,100 mg/kg). A similar trend occurred at 
peripheral wetlands (up to 302,000 mg/kg during dry conditions; 46,000 mg/kg during inundation). 
Substantially lower salinity was recorded at the island claypan (643 mg/kg); 

• Nutrient concentrations within Lake Mackay and peripheral wetland sediments were typically higher 

during dry conditions while, overall, the peripheral wetlands displayed a greater variability in nut rient  

concentrations as well as higher maxima, in comparison to the lake. Nutrient concentrations were also 
relatively high at the island claypan under flooded conditions; 

• Higher nutrients recorded at the peripheral and island wetlands, compared to Lake Ma ckay, could be 

attributed to differences in allochthonous inputs, as well as the high productivity of wetlands under flood 

conditions, with decomposition of algae, bacteria, protozoa and rotifers rapidly returning nutrients to 
sediments; 

• Concentrations of metals in the sediments of Lake Mackay, the island claypan, and peripheral wetlands 

were generally below analytical limits of reporting and below the (ANZG 2018a) DGVs, during both dry 
and flooded conditions. Where recorded above analytical limits of reporting, sediment metal 

concentrations tended to be lower and more uniform across sites within Lake Mackay, compared to the 
peripheral wetlands, likely attributed to local catchment geology and runoff on the lake’s periphery.   
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Similar to water quality, sediment quality at Lake Mackay varies depending on hydroperiod, with relatively 

high salinity and nutrient levels during dry conditions, and dilution and dispersal of salts and nutrients during 

inundation. However, metals concentrations tended to be low and uniform across Lake Mackay sites during 
both dry and flooded conditions. Differences in local geology and allochthonous inputs, as well as higher 

biological productivity, resulted in the peripheral wetlands and the island claypan showing greater variability 

in sediment quality, including wide-ranging pH and higher nutrient and metals levels. The sediments of Lake 

Mackay and peripheral wetlands play an important role in the boom-bust ecology of the system, supporting 

microrgansims and the dormant stages of aquatic biota which contribute substantially to biodiversity during 
flooded conditions. In turn, decomposition of aquatic biota returns nutrients and minerals to the sediment  
throughout the hydroperiod. 
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Table 4-6: Minimum, maximum and average sediment quality values at Lake Mackay and peripheral wetlands during the Study.  

Sediment Quality Parameters 

Lake Mackay Peripheral Wetlands Freshwater Claypans Peripheral Saltpans 

Dry Flooded Pilot Pond Island Dry Flooded Flooded 
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pH (units) 6.6 6.9 7.1 7.40 7.66 7.90 8.4 7.4 7.30 7.67 8.10 5.40 7.15 8.50 8.50 8.10 

Total Soluble Salts 74,800 114,262 179,000 20,700 32,070 58,100 69700 643 78,200 149,333 302,000 80 6,459 46,000 17,400 8,600 

Total Organic Carbon (%) 0 0.1 0.2 0.06 0.09 0.11 1.24 0.26 0.10 0.33 0.72 0.05 0.15 0.54 0.09 0.26 

Salt crust (mm) 1 5.3 30 --- --- --- 1.24 0.26 1.00 5.00 20.00 --- --- --- --- --- 

Moisture Content (%) 7.7 12.2 15.7 19.4 23.8 32.2 30.3 18.1 11.2 16.3 29.6 10.8 14.5 22.2 14.4 14.3 

M
a

jo
r 

Io
n

s 

Sulphate 13,200 38,962 69,500 12,500 15,010 19,200 30600 160 29,900 68,850 121,000 10 2,989 18,800 12,800 6,080 

Chloride 29,600 58,546 93,900 7,180 13,364 30,800 97200 1040 39,900 84,350 184,000 10 2,736 21,700 2,880 840 

Calcium 630 6,309 10,400 4,360 4,833 5,240 2050 210 3,820 5,457 7,930 10 858 4,530 3,400 2,080 

Magnesium 200 839 1,390 130 258 520 2090 70 790 2,777 5,640 10 76 280 120 210 

Sodium 23,000 40,462 85,600 5,250 9,441 19,500 66700 410 24,400 59,283 126,000 20 2,046 16,000 3,750 770 

Potassium 830 1,660 4,320 420 641 1,130 3150 350 1,110 3,417 5,450 10 115 640 310 200 

N
u

tr
ie

n
ts

 

Nitrite + Nitrate <0.1 1.50 6.8 <0.1 <0.1 <0.1 <0.1 1.9 <0.1 4.57 22.80 <0.1 0.18 0.70 <0.1 <0.1 

Total Kjeldahl Nitrogen 80 179 330 20 87 130 270 260 130 645 1,360 30 125 460 90 340 

Total Nitrogen 80 180 330 20 87 130 270 260 130 648 1,380 30 125 460 90 340 

Total Phosphorus 42 71 115 26 64 107 180 202 56 134 223 26 49 93 42 111 

M
e

ta
ls
 

Aluminium 540 1,756 3,240 440 1,997 8,870 6900 11200 2,440 5,375 9,190 350 1,400 3,960 1,430 2,690 

Arsenic <1 <1 <1 <1 1.1 2.1 1.5 2.87 <1 1.3 2.4 <1 1.1 1.5 <1 <1 

Barium 2.2 16.2 77.1 2.7 15.1 71.3 35.6 51.4 15.8 27.9 61.0 7.3 16.1 27.1 4.9 16.8 

Beryllium <0.1 <0.1 <0.1 <0.1 0.13 0.40 0.4 0.6 <0.1 0.22 0.40 <0.1 0.11 0.20 <0.1 <0.1 

Cadmium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Chromium 2.2 5.2 7.8 2.1 5.2 15.5 14.4 24.3 5.1 10.4 17.4 5.4 8.5 12.4 5.8 8.1 

Cobalt <0.5 0.7 1 <0.5 0.8 2.9 2.4 7.5 0.6 1.8 3.9 <0.5 0.9 2.6 <0.5 1.5 

Copper 1.1 1.9 2.6 1.0 1.8 7.0 7.8 13.6 1.9 4.7 8.8 1.0 1.8 5.0 1.4 2.7 

Iron 990 3,405 5,650 930 3,325 14,000 12200 24200 3,280 8,648 14,900 1,360 4,011 9,910 2,860 6,090 

Lead <1 1.1 1.1 <1 1.5 6.3 5.8 6.2 <1 2.8 7.4 <1 1.6 3.7 <1 3.0 

Manganese 12 36 76 10 30 195 103 350 35 107 363 10 39 136 22 107 

Mercury <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.1 <0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Nickel 1 1.3 1.9 1.0 1.6 6.5 4.9 8.1 1.2 3.2 6.2 1.0 1.3 3.3 1.0 1.9 

Selenium 0.1 0.2 0.3 0.1 0.1 0.1 0.1 0.2 0.2 0.7 2.6 0.1 0.1 0.1 0.3 0.1 

Vanadium 3.2 7.9 12.4 4.2 8.7 28.2 23.6 46.8 14.5 22.4 35.1 3.3 8.9 23.8 6.7 12.8 

Zinc 1.4 4.6 8 1.7 4.7 15.4 20.3 20.1 4.4 11.4 24.3 1.3 3.5 8.5 2.9 7.0 

Note: Units are mg/kg unless stated. 
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Table 4-7: Summary of analytical results for sediment quality at Lake Mackay during the Study. 

Sediment Quality Parameters 

Lake Mackay Dry Lake Mackay Flooded ANZG (2018) 
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pH (units) 6.6 6.9 7.1 7 7 7 6.7 6.9 6.7 6.8 6.8 7 7.1 7.9 7.9 7.5 7.8 7.9 7.7 7.4 7.7 7.4 8.4 7.4 7.4 - - 

Total Soluble Salts 77,000 116,000 86,000 75,100 111,000 146,000 108,000 151,000 179,000 92,500 167,000 74,800 102,000 40,200 35,500 29,400 20,700 28,200 23,100 40,000 22,500 58,100 69,700 643 23,000   

Total Organic Carbon (%) 0.18 0.13 0.08 0.03 0.11 0.04 0.1 0.05 0.06 0.07 0.07 0.06 0.09 0.07 0.11 0.1 0.1 0.1 0.1 0.1 0.1 0.1 1.24 0.26 0.1 - - 

Salt crust (mm) 1 1 1 3 1 25 1 30 2 1 1 1 1 not applicable - - 

Moisture Content (%) 13.5 14.9 11 7.7 12.2 8.9 12.2 15.7 11 10.9 14.8 11.5 14.3 22.8 20.6 19.4 32.2 19.4 25.8 25.7 25.5 19.8 30.3 18.1 27 - - 

M
a

jo
r 

io
n
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Sulphate 13,200 42,500 38,300 30,900 46,800 30,700 47,600 33,800 50,100 36,500 69,500 27,400 39,200 18,200 15,400 14,100 14,200 13,200 13,200 16,800 12,500 19,200 30,600 160 13,300 - - 

Chloride 44,700 56,300 47,500 29,600 69,200 66,500 70,300 49,300 93,900 40,800 92,500 35,400 65,100 18,000 14,300 9,870 7,180 9,490 8,400 19,700 7,680 30,800 97,200 1,040 8,220 - - 

Calcium 630 10,200 4,330 4,530 6,290 6,720 7,200 7,100 10,400 5,380 8,050 5,800 5,390 4,670 4,620 4,360 5,120 4,540 4,930 5,240 4,900 5,020 2,050 210 4,930 - - 

Magnesium 1,130 200 1,150 520 400 1,300 920 1,390 960 670 850 510 910 210 270 360 150 160 150 480 130 520 2,090 70 150 - - 

Sodium 24,100 34,300 31,900 23,000 49,000 37,700 52,600 30,700 63,000 27,300 85,600 24,100 42,700 14,300 10,300 7,750 5,250 7,210 5,980 13,000 5,260 19,500 66,700 410 5,860 - - 

Potassium 1,190 950 1,130 960 1,560 1,600 1,610 2,790 1,870 1,430 4,320 830 1,340 860 630 590 420 580 480 780 470 1,130 3,150 350 470 - - 

N
u

tr
ie

n
ts

 

Nitrite + Nitrate <0.1 0.7 0.3 0.5 0.3 5.2 0.1 6.8 0.1 0.4 2.2 0.1 0.9 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - - 

Total Kjeldahl Nitrogen 270 230 190 120 160 90 250 110 80 190 160 140 330 20 80 80 130 90 80 110 80 70 270 260 130 - - 

Total Nitrogen 270 230 190 120 160 100 250 120 80 190 160 140 330 20 80 80 130 90 80 110 80 70 270 260 130 - - 

Total Phosphorus 61 94 101 69 115 42 69 61 70 49 47 77 69 26 52 35 72 78 107 67 66 60 180 202 73 - - 

M
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Aluminium 1,800 1,740 2,750 1,320 2,870 540 1,470 1,000 1,600 920 1,100 2,480 3,240 8,870 1,130 790 1,770 1,470 440 1,470 1,250 1,760 6,900 11,200 1,020 - - 

Arsenic <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 2.07 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 1.5 2.87 <1.00 20 70 

Barium 13 3.3 21 25.9 9.7 2.2 14.1 6.7 77.1 10.6 4.5 15.3 7.8 71.3 8.6 8.2 7.4 5.2 2.7 8.7 30.4 4.8 35.6 51.4 3.6 - - 

Beryllium <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 0.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.4 0.6 <0.1 - - 

Cadmium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 2 10 

Chromium 6.1 5.8 4.9 5 6.8 2.2 5.9 2.5 4.9 4.8 3.6 7.6 7.8 15.5 4.4 4.1 4.4 4.6 2.1 4.6 4.1 4.9 14.4 24.3 3 80 370 

Cobalt 0.5 0.6 0.5 <0.5 1 <0.5 0.7 <0.5 0.6 <0.5 <0.5 1 0.9 2.9 <0.5 <0.5 0.7 <0.5 <0.5 0.8 <0.5 <0.5 2.4 7.5 <0.5 - - 

Copper 2 1.6 1.6 1.3 2.6 <1.0 1.9 <1.0 1.9 <1.0 1.1 2.6 2.6 7 <1.0 <1.0 1.7 1.1 <1.0 1.5 1.4 1.5 7.8 13.6 <1.0 65 270 

Iron 3,320 3,170 4,650 2,510 5,050 990 3,550 1,980 3,550 2,330 2,210 5,310 5,650 14,000 1,850 1,620 3,120 2,320 930 2,940 2,240 2,740 12,200 24,200 1,490 - - 

Lead <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1 1.1 6.3 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 5.8 6.2 <1.0 50 220 

Manganese 12 12 48 <10 42 <10 51 18 76 <10 16 60 21 195 <10 10 22 10 <10 15 <10 <10 103 350 11 - - 

Mercury <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 1 

Nickel 1.2 1.1 1.1 <1.0 1.5 <1.0 1 <1.0 <1.0 <1.0 <1.0 1.5 1.9 6.5 <1.0 <1.0 1.1 <1.0 <1.0 1.1 <1.0 <1.0 4.9 8.1 <1.0 21 52 

Selenium 0.3 0.1 0.1 <0.1 <0.1 <0.1 0.1 <0.1 0.1 0.2 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.2 <0.1 - - 

Vanadium 8.9 7.9 6.5 7.3 11.1 3.2 8.2 4.4 7.6 5.6 7.1 12.4 12.3 28.2 5.9 4.2 10.1 6.8 4.6 8.1 6.9 7.6 23.6 46.8 4.4 - - 

Zinc 5.5 5.8 4.3 3.5 6.2 1.4 5.1 2 6.8 2.8 2.6 6.2 8 15.4 3.7 2.7 4.4 3.2 1.7 4.1 4.5 4.5 20.3 20.1 2.4 200 410 

Note: Units are mg/kg unless stated; LMF10 is a pilot pond and LMF11 is an island claypan; total metal concentrations. 
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Table 4-8: Summary of analytical results for sediment quality at peripheral wetlands during the Study. 

Sediment Quality Parameters 

Peripheral Wetlands Dry Peripheral Wetlands Flooded ANZG (2018) 
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pH (units) 7.3 7.5 7.8 8.1 7.5 7.8 7.5 8.5 8.4 8.1 5.4 8.1 8.5 5.6 8.2 5.5 - - 

Total Soluble Salts 95,700 158,000 78,200 168,000 302,000 94,100 180 46,000 4,710 8,600 125 158 17,400 163 80 259 - - 

Total Organic Carbon (%) 0.1 0.12 0.1 0.64 0.72 0.31 0.08 0.14 0.54 0.26 0.05 0.16 0.09 0.06 0.08 0.09 - - 

Salt crust (mm) 2 2 1 1 20 2 not applicable   

Moisture Content (%) 11.2 13.2 13.5 29.6 12.8 17.3 11.9 18.2 22.2 14.3 17.5 10.8 14.4 12.3 11.9 11.2 - - 

M
a

jo
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Io
n
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Sulphate 45,000 90,000 34,200 121,000 93,000 29,900 <10 18,800 5,050 6,080 <10 <10 12,800 <10 <10 <10 -  

Chloride 51,600 82,800 39,900 98,600 184,000 49,200 40 21,700 80 840 <10 20 2,880 <10 20 <10 - - 

Calcium 5,790 3,820 4,060 4,320 7,930 6,820 <10 4,530 2220 2080 20 <10 3400 20 <10 40 - - 

Magnesium 1,570 2,010 1,980 5,640 4,670 790 <10 280 210 210 <10 70 120 <10 <10 <10 - - 

Sodium 31,100 66,500 24,400 79,500 126,000 28,200 80 16000 100 770 20 70 3750 20 50 30 - - 

Potassium 3,350 4,640 1,640 5,450 4,310 1,110 30 640 130 200 30 50 310 <10 <10 20 - - 

N
u

tr
ie

n
ts

 

Nitrite + Nitrate <0.1 2.5 0.4 <0.1 22.8 1.5 0.1 0.1 0.1 0.1 0.1 0.7 0.1 0.1 0.1 0.1 - - 

Total Kjeldahl Nitrogen 190 240 130 1,150 1360 800 30 80 460 340 40 260 90 30 40 60 - - 

Total Nitrogen 190 240 130 1150 1380 800 30 80 460 340 40 260 90 30 40 60 - - 

Total Phosphorus 56 99 97 183 223 148 44 39 77 111 28 93 42 26 41 46 - - 

M
e

ta
ls
 a

n
d

 T
ra

c
e

 E
le

m
e

n
ts

 

Aluminium 2,440 4,480 4,830 7,070 9,190 4,240 1,320 1,200 1,880 2,690 350 3,960 1,430 470 1,490 530 - - 

Arsenic <1.00 <1.00 1.21 1.46 2.35 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 1.54 <1.00 <1.00 <1.00 <1.00 20 70 

Barium 17 15.8 28 17.6 61 27.9 27.1 7.3 10.1 16.8 17.1 18.6 4.9 15 20.8 13.1 - - 

Beryllium <0.1 0.2 0.2 0.2 0.4 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 - - 

Cadmium <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 2 10 

Chromium 5.1 8.5 11.8 10.3 17.4 9.4 6.9 6 5.4 8.1 6.7 12.4 5.8 10.1 11 9.2 80 370 

Cobalt 0.6 1.3 1.7 2 3.9 1.4 0.7 <0.5 0.7 1.5 <0.5 2.6 <0.5 <0.5 1 <0.5 - - 

Copper 1.9 3.4 5 5.7 8.8 3.2 1.8 <1.0 1.6 2.7 <1.0 5 1.4 <1.0 2 <1.0 65 270 

Iron 3,280 7,260 9,420 9,630 14,900 7400 4,230 2,610 3,600 6,090 1,360 9,910 2,860 2,650 5,140 2,590 - - 

Lead <1.0 1.6 1.5 4.2 7.4 1.3 1.3 1.1 2 3 <1.0 3.7 <1.0 <1.0 2 <1.0 50 220 

Manganese 35 37 83 75 363 47 22 21 58 107 <10 136 22 11 39 13 - - 

Mercury <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 1 

Nickel 1.2 2.3 2.6 4 6.2 2.6 1.1 <1.0 <1.0 1.9 <1.0 3.3 <1.0 <1.0 1.3 <1.0 21 52 

Selenium 0.2 0.2 0.3 2.6 0.6 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 <0.1 <0.1 <0.1 - - 

Vanadium 18.8 16.9 17.6 35.1 31.4 14.5 9.6 5.9 4.6 12.8 3.3 23.8 6.7 5.8 12.5 5.9 - - 

Zinc 4.4 6.8 10.2 12.5 24.3 10 3.8 2.6 5.5 7 1.7 8.5 2.9 1.3 3.2 1.7 200 410 

Note: Units are mg/kg unless stated; LMF10 is a pilot pond and LMF11 is an island claypan; total metal concentrations.  
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Figure 4-7: Sediment quality of Lake Mackay and peripheral wetlands during the Study; (A) moisture content, 
(B) pH, and (C) salinity. 
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Figure 4-8: Sediment quality of Lake Mackay and peripheral wetlands during the Study; (A) total organic 
carbon, (B) total nitrogen, and (C) total phosphorus. 
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 Figure 4-9: Sediment quality of Lake Mackay and peripheral wetlands during the Study; (A) aluminium, (B) 

copper, and (C) iron. 
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Figure 4-10: PCA of basic sediment quality of Lake Mackay and periphera l 

wetlands during the Study, with 73% variation in the data explained by the 

first two axes (■=Lake Mackay and ■=peripheral wetlands in dry 

conditions, and =Lake Mackay, ⚫=island claypan, and =peripheral 

wetlands during flooded conditions). 
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4.2.3 Algae and Macrophytes 

Algae can occur as either free-floating phytoplankton or benthic organisms (Bellinger and Sigee 2010). This 

includes larger algae that are rooted in the sediment, with a submerged habit (macrophytes). In ephemera l 

waterbodies, these algal groups have an important role in nutrient cycling, primary production and as a 
food source supporting higher order consumers during major floods, known as the boom cycle (Bunn 1995; 

Porter et al. 2007; Sainty and Jacobs 2003). In salt lakes, halophytic algae and macrophytes may also be the 
predominant group responsible for primary production (Williams 1998).  

A total of 42 algal taxa were recorded during the Study (Table 4-9, Table 4-10), across the rewetting trials 

and during flooded conditions, comprising benthic and planktonic samples. Lake Mackay supported the 

majority of these taxa (37), compared to the peripheral wetlands (25 taxa) (Figure 4-11A-C). Three phyla 

were represented across these waterbodies, dominated by Bacillariophyta (diatoms) with more than 20 
taxa, while Chlorophyta (green algae) and Cyanophyta (cyanobacteria) contributed to algal composit ion 

to a lesser degree (eight and 13 taxa, respectively) (Figure 4-11A-C). While diatom taxa were more prevalent  

in the lake (20 taxa), diatom and cyanobacteria taxa diversity were relatively comparable in the periphera l 

wetlands (11 and nine taxa, respectively) (Figure 4-11B-C). Both phyla are commonly associated with 

benthic microbial communities in salt lakes throughout inland Australia (Handley 2003; John et al. 2009; Paerl 
et al. 1993).  

Algal diversity at each site ranged from two (LMD9) to nine (LMF6 and LMF12) in Lake Mackay, while at the 
peripheral wetlands ranged from one (PWD6 and PWF3) to eight (PWF8) during the Study (Figure 4-12). 

Diversity was also typically higher in flooded conditions (mostly >5 taxa in the lake and >4 taxa for periphera l 

wetlands), compared to the rewetting trials (<6 taxa in the lake and <5 taxa in peripheral wetlands) (Figure 

4-12). The algal composition was dominated by the diatom Hantzschia sp. aff. baltica, which was 

widespread and recorded from most sites on the lake and peripheral wetlands. The diatom Navicula sp. aff. 
incertata was also relatively common during the Study, although was mostly recorded from the lake, while 

several Amphora taxa were also documented from the lake and peripheral wetlands (Table 4-9, Table 4-10). 

These taxa are affiliated with saline waters throughout inland WA (Taukulis 2007), with salinities in excess of 
200,000 µS/cm recorded during the rewetting trials and flooded conditions on the lake. 

The most abundant representative from Chlorophyta was Dunaliella sp. (Plate 4-1), which was recorded in 

the rewetting trials and during flooded conditions, from both Lake Mackay and peripheral wetlands (Table 

4-9, Table 4-10). It was particularly dominant during rewetting trials at sites PWD2, PWD6 and PWD7. This taxon 

is a common component of hypersaline environments around the world and throughout Australia  
(Borowitzka 1981; Oren 2005), with some species able to tolerate salinities in excess of 350,000 mg/L (Williams 

1998). It also has a motile (flagellated) life stage and dormant, encysted life stage, which allow it to persist  

in sub-optimal conditions (Oren 2005; Schubert et al. 2010). The peripheral wetlands also supported several 

unicellular chlorophyte taxa in low numbers during flooded conditions, including Scenedesmus sp., 
Cosmarium sp., Chlamydomonas sp. and Closterium sp. (Table 4-10). These genera are associated with 

freshwater conditions (Entwisle et al. 1997), corresponding to salinities of <3,000  µS/cm in the periphera l 
wetlands. 

There were a number of filamentous cyanobacteria recorded during the Study, including several Nodularia 

and Phormidium (P. amoenum and P. formosum) taxa that were abundant in rewetting trials at lake sites, and 

to a lesser extent in the peripheral wetlands (Table 4-9, Table 4-10, Plate 4-1). These genera are considered 

salt tolerant and able to withstand elevated salinity concentrations (Handley 2003; Taukulis 2007). However, 

in flooded conditions, these taxa were generally limited and more broadly there was a low number of 
filamentous green algae and cyanobacteria, with higher productivity associated with diatoms, which are also 
widespread throughout Australian salt lakes (Campagna and John 2003; Gell and Gasse 1994; Taukulis 2007).  

The variation in algal composition and productivity across sites during the Study is likely attributed to 

differences in water quality (salinity and nutrients) and clarity, as well as substrate type associated with 

rewetting trials and natural flooded conditions (Foged 1978; John 2002; Townsend and Gell 2005). However, 

the suite of taxa recorded were characteristic of benthic microbial communities from inland and coastal 

salt lakes throughout Australia and globally (Francoeur and Biggs 2006; Montoya 2009; Prufert-Bebout and 
Garcia-Pichel 1994). The taxa recorded during the Study were considered widespread and the composit ion 

was consistent with the assemblage identified from inland waters throughout WA (Campagna 2007; Handley 

2003; Taukulis and John 2009). Most of these taxa are also considered desiccation resistant (Omoregie et al. 
2004; Potts 1999). 
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Plate 4-1: Benthic algae taxa recorded during the rewetting trials of the Study. (A) Phormidium formosum ,  
and (B) Dunaliella sp. 

While no macrophytes (submerged aquatic plants) were observed during the Study, the propagules of the 
charophyte (large green alga) Chara sp. were prevalent in the sediments of the peripheral wetlands during 

field survey 1 (May 2019), (Appendix E). This genus typically has a low salinity tolerance of less than 

5,000 µS/cm (Garcia 1999). The charophyte Lamprothamnium sp. was also recorded from a limited number 

of peripheral wetlands during this survey and is more commonly associated with salt lakes throughout  
Australia, tolerating salinities above 200,000 mg/L (Porter 2007).  

4.2.3.1 Trends 

Based on the nMDs analysis, the majority of sites showed at least 20% similarity in the algal a ssemblage across 

the rewetting trials and flooded conditions (Figure 4-13), attributed to the prevalence of diatoms and 
cyanobacteria. There were some exceptions including two lake sites (LMD11 and LMD9) during the rewetting 

trials, which had a high abundance of filamentous green algae including Nodularia and Phormidium taxa. 

The peripheral wetlands PWD2 and PWD6, were also distinct, associated with increased numbers of 

Dunaliella (green algae). Greater similarity (40%) was also observed dependent on conditions, with  lake and 
peripheral wetlands from rewetting trials clustering together and sites sampled during flooded conditions 

being comparable, with dominant taxa evident in each. This was likely attributed to differences in water 

quality, with the rewetting trials conducted over a longer period and exhibiting more neutral pH (>7) and 
wider range of salinities in comparison to flooded conditions.  

The following key trends were identified during the Study: 

• there were many taxa common across Lake Mackay and the peripheral wetlands, reflecting the 

resilience and broad tolerance limits of algal communities (particularly diatoms and cyanobacteria ) 
occurring in ephemeral waterbodies (Taukulis 2007; Williams 1998); 

• the lake had a higher diversity of taxa (37 compared to 25 taxa), likely attributed to the higher number 

of sites sampled, however, dominance was attributed to a few key genera, considered characteristic of 
temporary, saline waterbodies (Hammer 1986), with limited spatial trends evident; 

• diatoms were common throughout the lake (including the pilot pond LMF10) and peripheral wetlands in 

the rewetting trials and during flooded conditions, with taxa such as Hantzschia sp. aff. baltica and 

Navicula sp. aff. incertata prevalent throughout the area, considered important primary producers in 
salt lakes within the benthos (Handley 2003; John et al. 2009); 

• filamentous cyanobacteria species were more prevalent in Lake Mackay during the rewetting trials, 

comprising taxa such as Nodularia and Phormidium, and, during major flood events, may become more 
prevalent and form mats on the lake bed, contributing to primary production (Handley 2003); 

• water quality is the main driver of composition, in particular salinity and nutrients, with lower salinities and 

higher nutrients (associated with the onset of the hydroperiod) likely to increase the diversity and grow th 
of algae (John 2002);  

• there were no significant taxa identified during the Study, with algal genera considered cosmopolitan, 
although there is a possibility that cryptic endemic species may occur throughout the lake, islands 
and/or peripheral wetlands; 

• there were no macrophytes recorded during the Study, although during a larger inundation event, 
conducive conditions (stable, deeper water) may be created to allow germination and development, 

with salt tolerant macroalgae potentially associated with the lake and freshwater charophytes affiliated 
with the peripheral wetlands (Garcia 1999; Porter 2007). 

A B
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Algal productivity during the Study was generally restricted to a low number of taxa that were widespread 

throughout Lake Mackay and peripheral wetlands. This is typical of inland waters that are subject to 

infrequent flooding, where primary production occurs within benthic algal mats, with limited phytoplankton 
(Borowitzka 1981; John 2001), or is associated with macrophytes (where present) (Porter 2007). These taxa 

are often salt tolerant taxa and highly resilient, forming the basis of the food chain and sustaining low and 

high order consumers including aquatic invertebrates and waterbirds. They are also important to the 

function of aquatic ecosystems, contributing to the recovery of a wetland after prolonged dry conditions 

(Bunn et al. 2006), with productivity and nutrient cycling dependent on uptake from the benthos and 
mineralisation (de Vries and Hopstaken 1984; Williams 1998). 
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Table 4-9: Algal taxa recorded from Lake Mackay during the Study (algal abundance key: ● = few, ●● = common, ●●● = abundant).  

Algal Taxa 

Lake Mackay Rewetting Trials Lake Mackay Flooded 
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0
 

LM
F1

2
 

Bacillariophyta                               

Amphora coffeaeformis ●   ● ● ●●● ● ●         ●●● ●  ●           

Amphora sp. 1                       ● ● ●● ● ●● ● ● ●●● 

Amphora sp. 2                        ●●  ●●     

Amphora sp. 3                        ●   ●    

Caloneis bacillum      ●                         

Craticula cuspidata                      ●        ●● 

Hantzschia sp. 1                      ●         

Hantzschia sp. aff. amphioxys                          ●  ●●●   

Hantzschia sp. aff. baltica ●●● ●●● ● ●● ●●● ●●● ● ●   ● ● ●●● ●●● ● ● ●●● ●●● ●●● ●● ●●● ●●● ●●● ●●● ●●● ●●● ●●● ●● ●●● ●●● 

Hantzschia sp. aff. weyprechtii     ●●                           

Luticola mutica                      ●         

Navicella pusilla ●●  ●●●                            

Navicula sp. 1                         ●●●   ●●   

Navicula sp. 2                               

Navicula sp. 3          ●                     

Navicula sp. aff. incertata    ● ● ●  ●  ● ●   ● ● ●● ●● ●● ●●● ●●       ●●●   ●● 

Navicula sp. aff. salinicola    ●          ●                 

Nitzschia closterium                       ●●       ● 

Nitzschia palea                          ●     

Nitzschia sp. 1                            ●   

Pinnularia sp. 1                      ●         

Chlorophyta                               

Chlamydomonas sp.                               

Closterium sp.                          ●     

Cosmarium sp.                               

Dunaliella sp. (spore)   ● ●  ●    ●          ●      ●     

Microspora sp.                     ●●        ●  

Mougeotia sp.                              ● 

Oocystis sp.                     ● ●        ● 

Scenedesmus sp.                               
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Algal Taxa 

Lake Mackay Rewetting Trials Lake Mackay Flooded 
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Cyanophyta                               

?Chroococcus sp.                            ●●   

Anabaena sp.                     ●● ● ● ●  ● ●  ●● ● 

Cyanothece sp.                     ●          

Nodularia sp. 1  ●●●                          ●   

Nodularia sp. 2  ● ●  ●  ●●  ●●● ● ●●●   ●  ●  ● ● ●●           

Nostoc sp.                               

Oscillatoria sp.                             ●●  

Phormidium amoenum       ●●●  ●   ●●● ●●● ●●● ● ●●● ●●● ●●● ●● ●●●           

Phormidium formosum       ●●   ●●● ●●● ● ●●● ●●  ●               

Phormidium sp.                       ●       ● 

Planktolyngbya sp. ●    ●              ●     ● ● ●     

Planktothrix sp.      ● ●           ●             

Pseudoanabaena sp.                       ●        

Diversity 4 3 4 6 5 6 6 3 2 5 4 3 3 6 3 5 4 6 5 6 5 7 6 6 4 9 5 7 5 9 

Note: LMF10 is a pilot pond. 
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Table 4-10: Algal taxa recorded from the peripheral wetlands during the Study (algal abundance key: 
● = few, ●● = common, ●●● = abundant). 

Algae Taxa 

Peripheral Wetlands Rewetting Trials Peripheral Wetlands Flooded 
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Bacillariophyta              

Amphora coffeaeformis   ● ●●●          

Amphora sp. 1       ●     ●● ● 

Amphora sp. 2              

Amphora sp. 3              

Caloneis bacillum              

Craticula cuspidata             ● 

Hantzschia sp. 1              

Hantzschia sp. aff. amphioxys          ●   ● 

Hantzschia sp. aff. baltica ●●  ● ●  ● ●  ● ● ● ●● ●● 

Hantzschia sp. aff. 

weyprechtii  
             

Luticola mutica           ●  ● 

Navicella pusilla              

Navicula sp. 1          ● ●   

Navicula sp. 2             ●● 

Navicula sp. 3              

Navicula sp. aff. incertata             ● 

Navicula sp. aff. salinicola              

Nitzschia closterium              

Nitzschia palea              

Nitzschia sp. 1          ●    

Pinnularia sp. 1             ● 

Chlorophyta              

Chlamydomonas sp.           ●   

Closterium sp.           ●   

Cosmarium sp.           ●   

Dunaliella sp. (spore) ● ●●●  ● ●●● ●●●        

Microspora sp.              

Mougeotia sp.              

Oocystis sp.              

Scenedesmus sp.        ●●      
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Algae Taxa 

Peripheral Wetlands Rewetting Trials Peripheral Wetlands Flooded 
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Cyanophyta              

?Chroococcus sp.      ●●●        

Anabaena sp.           ● ●  

Cyanothece sp.              

Nodularia sp. 1 ●   ●●●   ●  ●●   ●●●  

Nodularia sp. 2   ● ●          

Nostoc sp.       ●       

Oscillatoria sp.              

Phormidium amoenum   ●●           

Phormidium formosum   ●●           

Phormidium sp.       ●       

Planktolyngbya sp.  ●       ●     

Planktothrix sp.              

Pseudoanabaena sp.              

Diversity 3 2 5 5 1 3 5 1 3 4 7 4 8 

Note: LMF10 is a pilot pond. 
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Figure 4-11: Benthic algae taxa per phyla recorded during the Study. (A) overall from Lake Mackay and peripheral wetlands, (B) from Lake Mackay, and (C) from peripheral wetlands. 
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Figure 4-12: Diversity of benthic algal taxa recorded during the rewetting trials of the Study. 

 

Figure 4-13: nMDS of the algal assemblage recorded during the Study (◼=Lake Mackay and =periphera l 

wetlands rewetting trials; =Lake Mackay, =pilot pond and  peripheral wetlands during flooded 
conditions, ▬ = 20 % similarity and ▬ = 40% similarity). 

  

0

1

2

3

4

5

6

7

8

9

10
LM

D
1

LM
D

2

LM
D

3

LM
D

4

LM
D

5

LM
D

6

LM
D

7

LM
D

8

LM
D

9

LM
D

1
1

LM
D

1
2

LM
D

1
3

LM
D

1
4

LM
D

1
5

LM
D

1
6

LM
D

1
7

LM
D

1
8

LM
D

1
9

LM
D

2
0

LM
D

2
1

LM
F1

LM
F2

LM
F
3

LM
F4

LM
F5

LM
F6

LM
F8

LM
F9

LM
F1

0

LM
F1

2

P
W

D
1

P
W

D
2

P
W

D
3

P
W

D
4

P
W

D
6

P
W

D
7

P
W

F
2

P
W

F
3

P
W

F
4

P
W

F
5

P
W

F
6

P
W

F
7

P
W

F
8

Lake Mackay Rewet Lake Mackay Flood Periph.

Wetlands Rewet

Periph. Wetlands

Flood

S
p

e
c

ie
s 

D
iv

e
rs

it
y

LMD1

LMD2

LMD3

LMD4

LMD5

LMD6

LMD7

LMD8

LMD9

LMD11

LMD12

LMD13LMD14

LMD15
LMD16 LMD17

LMD18
LMD19LMD20

LMD21

LMF1

LMF2

LMF3

LMF4

LMF5

LMF6

LMF8

LMF9

LMF10

LMF12

PWD1

PWD2

PWD3

PWD4

PWD6

PWD7

PWF2

PWF4

PWF5

PWF6
PWF7

PWF8

2D Stress: 0.17



  

November 2021 │ Status: Final│ Project No. 300003312 │ Our ref: LMKA-AQ-2021_02_Report_Final 

Page 74 

4.2.4 Diatoms 

Diatoms can persist in the moist sediments of dry salt lakes, due to their resilient and siliceous cell wall (termed 

a frustule), which characterise this group of microalgae (John 2000). They also typically have well-

documented water quality tolerance limits and are important contributors to primary productivity in salt 
lakes during major flood events (Blinn 1995; Campagna 2007; John 1998; Taukulis 2007). Diatoms often form 

the basis of food chain, providing a food source for aquatic invertebrates, and are a key component of the 
benthic microbial community in salt lakes (Bauld 1981; Boggs et al. 2007).  

A total of 25 diatom taxa were recorded during Study (Table 4-11, Table 4-12), across the rewetting trials 

and flooded conditions (Figure 4-14A). Lake Mackay had a slightly lower number of diatom taxa (17) (Figure 

4-14B) compared to the peripheral wetlands (21 taxa) (Figure 4-14C). However, Amphora (three taxa), 

Hantzschia (four taxa) and Navicula (six taxa) were the most speciose genera throughout these waterbodies 
and were well-represented in both the lake and peripheral wetlands (Figure 4-14AB-C). This is consistent with 

the diatom assemblage documented from streams and wetlands throughout inland region s of WA (Blinn 
1995; Campagna 2007; John 1998; Taukulis 2007). 

The diversity of diatoms recorded during the Study, per site at Lake Mackay, ranged from one (LMD16) to 

seven taxa (LMD3 and LMD4) during rewetting trials and from two to five taxa during flooded con ditions 

(Figure 4-15). Lake Mackay displayed a relatively homogenous assemblage during flooded conditions, 

considered characteristic of salt lakes (Taukulis et al. 2012). The pilot pond on the lake also had a simila r 
community structure (four taxa) to the playa. In comparison, site diversity at the peripheral wetlands ranged 

from one (PWD1 and PWD4) to five (PWD3) taxa during the rewetting trials and from zero (PWF3) to 10 t axa 

(PWF5) during flooded conditions (Figure 4-15). Typically, there was greater variability in species numbers 

observed in the peripheral wetlands, reflecting differences in substrate composition and water quality 
(Taukulis et al. 2014). 

Lake Mackay also generally had a higher number of diatom frustules (maximum of 100) during the rewetting 

trials and flooded conditions of the Study. In contrast, the abundance of diatoms at the peripheral wetlands 

was considered patchy, with several sites having limited frustules or an ab sence of diatoms (PWF3) (Table 
4-11). Diatom abundance in salt lakes usually increases in response to increased nutrients and a reduction 

in salinity (Taukulis et al. 2012), associated with the onset of inundation (Boulton and Brock 1999; Taukulis et 

al. 2012). However, as water levels begin to recede, evapoconcentration causes salinity to increase, 

reducing diversity. In contrast, in the peripheral wetlands, factors affecting diatom productivity may be 

substrate type, water depth and nutrients (Deepa et al. 2010; Foged 1978; Townsend and Gell 2005). In dry 
conditions, variability can be related to differences in sediment properties such as moisture content, salinity, 

nutrients, and microtopography such as grain size (Battarbee et al. 2001; van Kerckvoorde et al. 2000; Wolfe 
1996). 

The diatom assemblage of Lake Mackay (including the pilot pond) was characterised by Amphora  

coffeaeformis, Navicula sp. aff. incertata, Hantzschia sp. aff. baltica (Plate 4-2A-C), which were widespread 

and abundant (Table 4-11). Hantzschia sp. aff. baltica was the most prevalent species, and also contributed 

to the majority of the productivity in the peripheral wetlands, while Amphora coffeaeformis, Craticula  
cuspidata, Luticola mutica and Navicula sp. aff. incertata were present to a lesser extent (Figure 4-16). These 

taxa are typically associated with hypersaline conditions and have documented salinity tolerance limit s 

above 100,000 mg/L (Taukulis 2007), aligning with salinities recorded during the Study. They are also common 

throughout salt lakes in WA (Taukulis et al. 2012), with Amphora coffeaeformis considered to be one on the 

most widespread saline water diatoms in Australia (John 1998). Representatives of the Hantzschia and 
Luticola genus are aerophilic; known from non-submerged habitats (Ehrlich 1995), reflecting the 
predominantly dry conditions experienced at Lake Mackay. 

The remaining taxa contributed to a minor component of the diatom assemblage within the lake and 

peripheral wetlands (Table 4-11, Table 4-12). There were also some additional genera represented in the 

peripheral wetlands, reflecting a greater diversity of diatoms characteristic of lower salinity or freshwater 

conditions (<3000 µS/cm). Two of the peripheral wetlands (PWF6 and PWF8), while also supporting several 

Hantzschia and Luticola species, also had a composition comprising a low number of Pinnularia, 
Achnanthidium , Neidium and Stauroneis taxa (Table 4-12). The latter genera are characteristic of low salinity 

or freshwaters, and relatively pristine habitats (John 2000). Similarly, the island claypan also supported a small 
number of Pinnularia and Stauroneis diatoms, indicating an affinity with the freshwater peripheral wetlands. 
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Plate 4-2: Diatom taxa recorded during the rewetting trials of the Study. (A) Amphora coffeaeform i s ,  
(B) Hantzschia sp. aff. baltica and (C) Navicula sp. aff. incertata. 

 

4.2.4.1 Trends 

All sites had at least 30% similarity in diatom composition based on the nMDS ordination, with additional 
groupings evident at the 50% level of similarity (Figure 4-17). This included several low salinity and freshwater 

peripheral wetlands during flooded conditions (PWF1, PWF6, PWF 5, PWF9, PWF8) with salin ities <7,000 mg/L. 

Several Lake Mackay sites were also differentiated from rewetting trials (LMD4, LMD8, LMD7 and LMD9), with 

individual lake sites also distinct due to their diatom assemblage (LMD3 and LMD18) (Figure 4-17). However, 

the majority of sites clustered together based on the ordination, including Lake Mackay and the periphera l 
wetlands and included rewetting trials and flooded condition sampling, due to the dominance of common 
halophytic taxa.  

The following key trends were identified during the Study: 

• the diatom assemblage of the lake and peripheral wetlands was characterised by halophilic and 
aerophilic taxa comprising Amphora, Navicula and Hantzschia representatives (Ehrlich 1995; Taukulis 
and John 2009); 

• species diversity was slightly less at the lake, compared to peripheral wetlands (17 and 21 taxa, 
respectively), although were typically dominated by common saline water taxa (Amphora  

coffeaeformis, Navicula sp. aff. incertata, Hantzschia sp. aff. baltica) known from inland waterbodies 
throughout WA (Campagna 2007; John 1998; Taukulis 2007); 

• the freshwater claypans showed greater variability attributed to differing water quality and substrate 

type, supporting species reflective of these conditions (genera such as Pinnularia, Achnanthidium , 
Neidium and Stauroneis) (John 2000); 

• the pilot pond supported a similar diatom composition to Lake Mackay, while the island claypan was 

more comparable to the low salinity and freshwater peripheral wetlands, also comprising species such 
as Pinnularia, Luticola and Stauroneis (John 2000); 

• there were no significant taxa identified during the Study, with the diatom species recorded known from 

other salt lakes throughout the Goldfields or wheatbelt regions of WA, or more broadly from inland 
regions throughout Australia (Campagna 2007; Gell and Gasse 1994; Taukulis 2007); 

• during dry conditions, moisture content and microtopography (grain size) within the sediments are k ey 
factors known to affect diatom distribution (van Kerckvoorde et al. 2000); and 

• diatom composition is strongly influenced by water quality factors such as salinity and nutrients in flooded 

conditions, with lower salinities and higher nutrients (associated with the onset of the hydroperiod) likely 
to increase the diversity and growth of algae (John 2002). 
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The diatom assemblage on Lake Mackay and peripheral wetlands is predominantly represented by a few 

well documented salt tolerant taxa, which appear to be responsible for the majority of the primary 

production. These taxa have been recorded throughout the area and are likely to form an important  
component of the food web during flooded conditions. The peripheral wetlands and particularly the salinas, 

had a composition that was most similar to the lake, while the freshwater cla ypans exhibited differing 

community structure attributed to their varying characteristics. Diatoms contribute to primary production, 

nutrient cycling (Smith et al. 2004) and provide a food source for higher trophic levels, including aquatic 

invertebrates (Padhi et al. 2010), including microcrustaceans (Tonno et al. 2016) during flooding and the 
boom cycle of salt lakes. 
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Table 4-11: Diatom assemblages recorded from Lake Mackay during the Study. 

Diatom Taxa 

Lake Mackay Rewetting Lake Mackay Flooded 
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Achnanthidium reidensis                                

Amphora acutiscula                         2       

Amphora australiensis                                

Amphora coffeaeformis 2  30 19 2 48 81 74 58     14   1  2  25  3 3 20 62 45 4 37   

Caloneis bacillum      5       5                   

Craticula cuspidata             20 1                  

Hantzschia sp. aff. amphioxys           1       14   7  1      9   

Hantzschia sp. aff. baltica 75 85 3 23 95 43 6 17  24 73 22 62 32  2 3 69 12 6 66 92 90 94 19 35 50 69 53 58 98 

Hantzschia sp. aff. virgata                                

Hantzschia sp. aff. weyprechtii     36                            

Luticola mutica         1             3      1  30  

Navicella pusilla 13  43   1       5             1      

Navicula sp. aff. elegans   6   1       1 2  2 6  4             

Navicula sp. aff. incertata  15 3 3 1 2 13 6 25 68 26 76 7 37  14  3 7 6 2 2 6 3 59 2 5 26 1 3 2 

Navicula sp. aff. salinarum                                

Navicula sp. aff. salinicola 10  14 3          2 1                 

Navicula sp. aff. LC2005   1 14 2   3 15 6                      

Navicula sp. aff. incertata variation 1    2     1 2  2                    

Neidium affinae                                

Nitzschia sp. aff. fasciculata?                      3          

Pinnularia borealis                                

Pinnularia gibba                                

Pinnularia microstauron                              4  

Stauroneis dubitalis                              5  

Stauroneis truncata                                

Diversity 4 2 7 7 4 6 3 4 5 4 3 3 6 6 1 3 3 3 4 2 4 4 4 3 4 4 3 4 4 5 2 

Abundance 100 100 100 100 100 100 100 100 100 100 100 100 100 88 1 18 10 86 25 12 100 100 100 100 100 100 100 100 100 100 100 

Note: LMF10 is a pilot pond and LMF11 is an island claypan. 
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Table 4-12: Diatom assemblages recorded from the peripheral wetlands during the Study. 

Diatom Taxa 

Peripheral Wetlands Rewetting Peripheral Wetlands Flooded 
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Achnanthidium reidensis              9   

Amphora acutisula                 

Amphora australiensis           10      

Amphora coffeaeformis   43  2     4   2   7 

Caloneis bacillum  2               

Craticula cuspidata       5 1   14 15  13  15 

Hantzschia sp. aff. amphioxys           2 10    1 

Hantzschia sp. aff. baltica 100 7 50  98 3 2 1  94 31 15 97 41 7 47 

Hantzschia sp. aff. virgata  2               

Hantzschia sp. aff. weyprechtii                  

Luticola mutica  3     11    26 45 1 21 17 24 

Navicella pusilla                 

Navicula sp. aff. elegans   2   2           

Navicula sp. aff. incertata   4 23  1    2 13 1   2  

Navicula sp. aff. salinarum              3   

Navicula sp. aff. salinicola            1     

Navicula sp. aff. species 1 (LC2005)   1              

Navicula sp. aff. incertata variation 1                 

Neidium affinae            6     

Nitzschia sp. aff. fasciculata?           1      

Pinnularia borealis               2 1 

Pinnularia gibba            3     

Pinnularia microstauron       13    1 2  5 1  

Stauroneis dubitalis           1   8   

Stauroneis truncata           1      

Diversity 1 4 5 1 2 3 4 2 0 3 10 9 3 7 5 6 

Abundance 100 14 100 23 100 6 31 2 0 100 100 98 100 100 29 95 
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Figure 4-14: Diatom taxa per genus recorded during the rewetting trials of the Study. (A) Overall from Lake Mackay and peripheral wetlands, (B) from Lake Mackay, and (C) from peripheral wetlands. 
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Figure 4-15: Diversity of diatom taxa recorded during the Study. 

 

Figure 4-16: Percentage composition of diatom taxa recorded during the Study.  
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Figure 4-17: nMDS of the diatom assemblage recorded during the Study (◼=Lake Mackay and =periphera l 

wetlands rewetting trials; =Lake Mackay, =pilot pond and  peripheral wetlands flooded conditions ,      
▬ = 30 % similarity and ▬ = 50% similarity). 
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4.2.5 Aquatic Invertebrates 

Aquatic invertebrates form an integral part of aquatic ecosystems and occupy a range of submerged 

habitats (Jones et al. 2009). They have numerous roles ranging from consumers and detritivores through to 

predators, while also providing an important food source for vertebrate fauna, including waterbirds (Jones 
et al. 2009). In ephemeral waters, salinity is a key factor influencing the invertebrate assemblage, however 

hydroperiod, predation, food availability, competition, and biological and chemical interactions are also 

important (Williams 1998). Aquatic invertebrates inhabiting these environments employ various mechanisms 

for survival during dry conditions and can typically be divided into two groups. These comprise resident  

invertebrate fauna; primarily crustaceans, which typically persist in sediment as desiccation-resistant eggs 
(resting stages), breaking dormancy with the onset of favourable conditions. Others, such as insects, are 

able to opportunistically colonise temporary systems during flooded conditions via highly mobile adult stages 
(Bird et al. 2019; King et al. 1996). 

4.2.5.1 Diversity and Abundance 

For the consolidated dataset, which includes the results of this Study and previous surveys by Invertebrate 

Solutions (2017; 2018) (Appendix D), more than 15,000 specimens, representing 53 taxa from five higher level 

taxonomic groups have been recorded from Lake Mackay and the peripheral wetlands (Table 4-13). These 
groups included Insecta, Bivalvia and the crustacean classes Branchiopoda, Maxillopoda (Copepoda) and 
Ostracoda (Figure 4-18).  

Of these, branchiopods were the most frequently recorded group, reflecting high numbers of anostracans 
(fairy and brine shrimp) (3,910 specimens) and diplostracans (water fleas and clam shrimp) (1,911 

specimens). Maxillopods, primarily cyclopoid copepods, and ostracods were also abundant (>3,000 

specimens respectively). Insect numbers exceeded 1,900 specimens, predominantly comprising dipteran 

(fly) larvae. Bivalvia was represented by a single specimen. Insects were the most diverse group, with 18 taxa 
across five orders. This group was followed by ostracods and branchiopods at 15 and 14 taxa , respectively. 

Diversity of the remaining groups ranged from one taxon for Bivalvia through to five taxa for the maxillop ods 
(copepods) (Table 4-13). 

In total, 13 aquatic invertebrate taxa were recorded from the playa sites on Lake Mackay. The majority (5 

taxa) were ostracods. Maxillopods (copepods) and branchiopods accounted for three taxa respectively , 

while a single insect taxon was also recorded (Table 4-13). The diversity of aquatic invertebrates per site 

ranged from one (LMD2) to two taxa during rewetting trials (LMD4). In flooded conditions (2021), diversity 

ranged from two (LMF2) to six taxa (LMF1) for the lake sites, with two to four taxa recorded at most, reflect ing 
the primarily mesosaline conditions (up to 46,400 µS/cm). The pilot pond (LMF10), which yielded two taxa 

(Figure 4-19), was one of the few hypersaline sites during flooded conditions. The highest diversity was 

associated with a site in one of the deepest parts of the basin (LMF1). LMF11, the island claypan, had five 
taxa; the majority aligning with the peripheral wetlands rather than the lake (Table 4-13). 

Surface water salinities at Lake Mackay were comparatively higher during the previous survey (2017), 

ranging from 140,263 to 261,732 µS/cm (approximately 124,834 to 314,078 mg/L). This survey was undertaken 

toward the end of the hydroperiod and the higher was the likely factor defining the absence of invertebrates 
recorded (Invertebrate Solutions 2017). Opportunistic sampling of two trenches on the lake in 2018 yielded 

similar limited results, with only two specimens of a single taxon recorded from Trench 08 (Invertebrate 
Solutions 2018). 

Abundance varied across the sites on Lake Mackay. The highest numbers (>2,000 specimens) were collected 

from LMF6 during the Study in flooded conditions, with this site located within a channel adjacent to an 

island landform (Table 4-13). The influence of site morphology on aquatic invertebrate abundance has been 

previously observed at salt lakes in WA, with embayments or low-lying areas commonly associated with 
higher densities (Gregory et al. 2009). The lowest abundances recorded during flooded conditions were from 
LMF7, situated in a wide channel, and the island claypan (LMF11) (Table 4-13). 

A total of 45 aquatic invertebrate taxa were recorded across the peripheral wetlands, revealin g a 
considerably higher diversity than Lake Mackay (Table 4-13). Insects comprised 18 taxa, followed by 

branchiopods (14 taxa) and ostracods (9 taxa). Copepods and bivalves represented the remaining taxa. A 

diverse community of invertebrates within the peripheral wetlands, relative to the saline playa was also 

observed during an ecological assessment of Lake Lefroy and surrounds in the Eastern Goldfields (Stantec 
2018).  
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Diversity between the peripheral wetlands was highly variable, in response to differences in water quality, 

substrate and allochthonous inputs. Taxon numbers per site during flooded conditions ranged from one 

(PWF7) to 15 taxa (PWF6) (Figure 4-19). The depauperate community at PWF7 may have been related to 
salinity, with this peripheral saltpan exhibiting mesosaline conditions (40,800 µS/cm). The most speciose site, 

the freshwater claypan PWF6 (276 µS/cm), supported more than double the taxa recorded from most  

peripheral wetlands. This was likely attributed to the accumulation of organic material at this site, with detritus 

known to form both energy source and habitat for a range of taxa (Moore et al. 2004). Consistent with Lake 

Mackay, aquatic invertebrate abundance in the peripheral wetlands varied across the sites (Table 4-13). 
The most abundant sites were freshwater claypans (PWF2, PWF3, PWF5, PWF6) associated with drainage 

channels, vegetation and/or dead organic matter; factors linked to the input or provision of potential energy 
sources. 

4.2.5.2 Aquatic Invertebrate Assemblage 

The dominant taxa at Lake Mackay were relatively consistent during the Study, primarily comprising 

halophilic branchiopods, copepods and, to a lesser extent, ostracods. The most widely recorded ta xon, the 

anostracan Parartemia laticaudata, was collected from almost all sites in flooded conditions (Figure 4-20). 

Parartemia eggs were also recorded at two sites (LMD2 and LMD14) during rewetting trials, with specimens 
confirmed as Parartemia laticaudata (Appendix C, Plate 4-3A, B). However, emergent invertebrates were 

delayed, occurring between four to six weeks after initial rewetting of the sediments. This may be attributed 

to a life-history strategy known as bet-hedging, where at least a portion of the dormant eggs do not hatch until 
at least one inundation event has occurred, supporting the local persistence of the species (Maffei et al. 2005).  

Parartemia laticaudata has previously been recorded from water bodies in northern and central WA and 

the NT, occurring over a salinity range of 8,000 mg/L to 141,000 mg/L (Timms 2012b). Identification of the 

Lake Mackay specimens were confirmed by Professor Brian Timms, the foremost authority on the genus 
Parartemia, and represents a considerable range extension for this species (Brian Timms, pers. comm. 2021).  

The cyclopoid copepod Meridiecyclops platypus was another commonly recorded taxon at Lake Mackay 
(Figure 4-20, Plate 4-3C), and was originally described from a saline lake in South Australia (Fiers 2001). It has 

also been documented in high numbers during the saline phase of the hydroperiod at Lake Carey in the 

Goldfields of WA (Taukulis et al. 2012; Timms et al. 2006). During this Study, Meridiecyclops platypus occurred  

in low to high numbers across several sites (Table 4-13). Notably, this species dominated the invertebrate 
community at LMF6 (2,500 specimens), corresponding to relatively high algal diversity. 

The notostracan Triops australiensis was recorded at several sites, although typically in low numbers (Table 

4-13, Figure 4-20). Triops specimens in Australia has typically been grouped into Triops australiensis, based 

on gross morphology. However, recent work has identified cryptic diversity, with a separate lineage at Lake 
Carey (Vanschoenwinkel et al. 2012). Genetic work in the Paroo, northern New South Wales has also 

revealed two co-occurring lineages that are likely to be distinct from Triops australiensis (Murugan et al. 
2009). Whether the material from Lake Mackay is conspecific with Triops australiensis is yet to be determined.  

Ostracods also contributed to the invertebrate community at Lake Mackay, with representatives identified  

from several sites, although typically in low numbers (Table 4-13). Billcypris n.sp. `BOS1509` was an exception, 

recorded in relatively high abundance from three lake sites; LMF5, LMF8 and LMF12 (Table 4-13, Plate 4-3D). 

These sites were associated with a belt of gypsiferous material trending north-south near the WA-NT border 
which extends into the NT portion of the lake. Gypsum dissolution can increase calcium in surface waters, 
potentially influencing the occurrence of ostracod species (Radke et al. 2003).  

Two varieties of ostracod eggs were also identified from the sediments of Lake Mackay, from embayments 

and inlets (Appendix C). Spatial variation in resting stages most likely reflects natural drainage patterns, with 

factors including geomorphology, prevailing winds and water movement known to affect the distribution of 

propagules (Brendonck and De Meester 2003; Thiéry 1997; Vanickova et al. 2011). As floodwaters recede, 

resting stages often accumulate along the shoreline, and within embayments or depressions in large salt 
lakes. During rewetting trials, two ostracod taxa also hatched from a small island embayment in the central 

part of the lake and comprised Reticypris `BOS1371` (Plate 4-3E) and ?Patcypris outback (Table 4-13). 

?Patcypris outback was represented by immature specimens and could not be confidently separated from 

Billcypris n.sp. `BOS1509. Patcypris outback is widely distributed throughout inland WA, with records from Lake 

Maitland, Lake Carey, Lake Lefroy and Lake Disappointment (Halse and Martens 2019). Whereas Billcypri s 
n.sp. `BOS1509 is currently known only from the Lake Mackay area (Stuart  Halse, pers. comm, 2021). 

Compared to Lake Mackay, the dominant taxa of the peripheral wetlands were more variable (Table 4-13, 
Figure 4-20). Triops australiensis was one of the only taxa common to the majority of peripheral wetlands, 

albeit in relatively low numbers. The dytiscid (diving) beetle Eretes australis was recorded from a number of 

peripheral wetlands, reflecting a known association with turbid claypans (Jones et al. 2009). Representativ es 

of the anostracan (fairy shrimp) Branchinella were also documented from several peripheral wetlands during 
flooded conditions of the Study (Table 4-13).   
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In addition, Branchinella eggs were observed in the sediments of peripheral wetlands  (Appendix C). 

Specimens from two of the peripheral wetlands were identified as Branchinella affinis (Plate 4-3F). This 

widespread species is commonly linked to turbid claypans and has been recorded over a moderately broad 
salinity range (10 to 6,700 mg/L) (Timms 2009;2015). Parartemia laticaudata was recorded from a limited  

number of peripheral wetlands, occurring in conjunction with female Branchinella at two sites (Table 4-13) 

and was also reported from the sediments of peripheral wetlands (Appendix D). Parartemia and Branchinella  

species are known to co-occur (Timms et al 2006), although in some cases may hatch at different stages of 
the hydroperiod, dependent on salinity (Timms 2015).  

The presence of diplostracans, predominantly cladocerans (water fleas) and/or spinicaudatans (c lam 

shrimp) was a distinguishing feature of the peripheral wetlands, specifically the freshwater claypans. These 

sites contained moderate to high numbers of cladocerans including Moina micrura s.l., Daphnia projecta  
and/or Diaphanosoma unguiculatum (Table 4-13, Figure 4-20). Spinicaudatans (clam shrimp) were also 

characteristic of the freshwater claypans, with Ozestheria sp. STC13 or immature specimens recorded from 

the majority of sites (Table 4-13). In addition, limited numbers of ephippia belonging to Daphniidae sp., were 
observed in the sediments (Appendix C). 

Ostracod taxa varied between the peripheral wetlands (Table 4-13), with several only recorded from the 

area. However, Bennelongia `BOS833`(nimala lineage), recorded from PWF6 in high numbers, and 

Penthesilenula brasiliensis from AM9 have a broader distribution range. The former is known from Lake Wells 
(Stuart Halse per comm. 2021) while Penthesilenula brasiliensis is distributed across multiple continents (van 

Doninck et al. 2003). Previous WA records of the latter species comprise groundwater-associated systems in 

the Pilbara region (Bennelongia 2011) and the Great Sandy Desert (Pinder et al. 2020). Ostracod eggs were 

also recorded from the sediments of peripheral wetlands during the Study (Appendix C), including both red  
and white forms  

The insect community of the peripheral wetlands consisted of members of five orders; Coleoptera (beetles), 

Diptera (fly larvae), Hemiptera (true bugs), Odonata (dragonfly and damselfly larvae) and Trichoptera  
(caddisfly larvae) (Table 4-13). In general, the taxa varied between sites, occurring in low numbers, where 

present. An exception was the high abundance of the non-biting midge larvae Chironomus recorded from 

the freshwater claypan PWF3, attributed to favourable habitat provided by the abundant emergent  
vegetation (Table 4-13, Figure 4-20). 

4.2.5.3 Aquatic Invertebrate Species of Scientific Interest 

The invertebrate communities recoded from Lake Mackay and the peripheral wetlands represented 

common and widespread taxa, and new taxa that are currently only known from the lake, or the lake and 
peripheral wetlands. The new taxa are considered taxa of scientific interest and comprise: 

• The spinicaudatan Ozestheria sp. STC13, recorded from two peripheral claypans. Genetic investigations 

of Ozestheria (Schwentner et al. 2014) have revealed numerous lineages distinct from the two described 
Australian species and suggest that most Ozestheria species have restricted distributions. Immature 

Ozestheria specimens from the two peripheral claypans are also expected to belong to Ozestheria sp. 

STC13, with co-occurrences in individual waterbodies rarely documented for the genus (Schwentner et 
al. 2014); 

• Ozestheria sp. STC14, represented by one specimen from a peripheral saltpan (PWF4) and the island 

claypan on Lake Mackay (LMF11) respectively. These specimens were differentiated from Ozestheria sp. 
STC13 based on morphology and may have a wider salinity tolerance than Ozestheria sp. STC13; 

• The ostracod ?Ampullacypris `BOS1510`, recorded in low numbers from the hypersaline pilot pond on 

Lake Mackay, and a freshwater claypan to the south of the lake, suggesting a broad salinity tolerance. 

Additional material would be required, ideally male specimens, to advance morphologica l 
investigations; 

• Bennelongia `BOS1520’, documented in low abundance from two freshwater claypans;  

• Billcypris n.sp. `BOS1509`, identified in high numbers from three widespread Lake Mackay sites. This taxon 

is considered to be a new species and would represent the second species in the genus (Stuart Halse, 

pers. comm 2021). The three sites occur within a north-south trending gypsiferous belt which extends 
across the border into the NT portion of the lake, suggesting a wider distribution of Billcypris n.sp. 
`BOS1509` within Lake Mackay;  

• Heterocypris `BOS1515`, currently known from a relatively diverse peripheral claypan on the lake margin ; 

• Ilyodromus `BOS1514`, recorded from the same peripheral claypan as Heterocypris `BOS1515`. This taxon 
is similar to Ilyodromus BOS953 from Lake Disappointment however the carapace and hemipenes show 
differences (Stuart Halse, pers. comm 2021); 
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• Mytilocypris `BOS1521`, recorded from two peripheral claypans on the lake margin; 

• Reticypris ‘BOS1371’, recorded from two Lake Mackay sites during flooded conditions and hatched from 
another lake site during rewetting trials; and  

• Riocypris `BOS1522`, documented from a freshwater claypan on the lake margin. 

Given the remote location of Lake Mackay and the limited sampling of the lake and other salt lakes in the 

region, the identification of multiple new taxa is to be expected. Based on current data, the majority of these 
taxa occur in peripheral wetlands only, with a limited number recorded from both peripheral and lake sites 

or lake sites only (Figure 4-21). Of these, the taxa collected from the playa were recorded from multiple sites 
and are likely to have a broader distribution that extends into the NT portion of the lake. 

4.2.5.4 Aquatic Invertebrate Taxon Accumulation Curve 

Based on the consolidated data from this Study and previous surveys, the predicted taxon richness for 

aquatic invertebrates at Lake Mackay and peripheral wetlands ranged from 59 to 81 taxa  (Table 4-14). The 

observed total of 53 taxa represented 65.3% to 89.2% of the predicted richness. The taxon accumulation 
curves for the taxon estimators were still trending upwards (Figure 4-22). Extrapolation of the observed 

species accumulation curve demonstrated that an additional 18 taxa may be collected from Lake Mackay 

and peripheral wetlands, with a two-fold increase in sampling effort (Table 4-14, Figure 4-22). However, it is 
likely that the majority of these taxa would be associated with the peripheral wetlands. 

4.2.5.5 Trends 

The majority of lake sites (Trench 08 and rewetting site LMD4), broadly grouped, according to the nMDS 

ordination of the consolidated dataset of aquatic invertebrate communities (Figure 4-23). This primarily 

reflected the presence of the anostracan Parartemia laticaudata and/or copepod Meridiecyclops 
platypus. The peripheral claypans PWF2 and PWF9, both of which yielded Parartemia laticaudata, also 

grouped with most of the Lake Mackay sites (10% similarity). The majority of taxa recorded from the island 

claypan LMF11 were common to the peripheral wetlands, also reflecting some similarity. In general, most of 

the peripheral wetlands were distinct from the Lake Mackay sites (Figure 4-23). However, the relationsh ip  

between the peripheral wetlands was typically weak, reflecting substantial heterogeneity in the invertebrate 
communities between sites. 

The predominant trends have been outlined below: 

• Diversity was lower for the lake than the peripheral wetlands (13 and 45 taxa respectively) based on the 
consolidated dataset, reflecting the more homogenous conditions 

• Lake sites were primarily characterised by resident crustacean taxa including anostracans, maxillopods 

(copepods) and ostracods with a minor contribution from insect taxa, consistent with the work from other 

temporary, saline waterbodies (Timms et al. 2006). The anostracan Parartemia laticaudata was the most  
widespread taxon in the lake, followed by the cyclopoid copepod Meridiecyclops platypus, both well-
known salt tolerant taxa (Timms 2014; Timms et al. 2006).  

• Taxon diversity per lake site ranged from zero during the hypersaline conditions of the 2017 survey, 

increasing to between two to six taxa during the current Study, with most sites ranging from two to four 
taxa in the predominantly mesosaline conditions during flood; 

• LMF11, a freshwater claypan on a landform island of the lake yielded five taxa, the majority aligning with 
the peripheral wetlands rather than the lake; 

• The invertebrate community of the peripheral wetlands comprising a resident crustacean community 

(anostracans, diplostracans, maxillopods and ostracods), opportunistic insect taxa and a single bivalve 

species. Spinicaudatans, representatives of Branchinella, the notostracan (clam shrimp) Triops 

australiensis and the dytiscid (diving) beetle Eretes australis were the most widely distributed across the 

peripheral wetlands, in line with their common occurrence in temporary, often turbid, freshwater habitats 
(Geddes 1983; Jones et al. 2009; Timms 2012a); 

• Taxon diversity was highly variable between sites for the peripheral wetlands, ranging from one to 15 
taxa. This reflected differences in factors such as relation site morphology, water quality, allochthonous 
inputs and vegetation; and 

• A total of 10 taxa collected from Lake Mackay and/or the peripheral wetlands are considered to be 
new and are currently only known from the lake, or the lake and peripheral wetlands. Of these, two 

ostracod taxa, Billcypris n.sp. `BOS1509` and Reticypris ‘BOS1371’ have been recorded from lake sites 

only (including sediment rewetting). Both taxa were recorded from multiple sites (Figure 4-21) and are 
considered likely to have a broader distribution in the lake, extending into the NT portion of Lake Mackay.  
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Based on the consolidated dataset from this Study and previous surveys, Lake Mackay hosts a relatively low 

diversity of aquatic invertebrate taxa. The community comprises common and widespread halophilic taxa 

in conjunction with several opportunistic taxa and a limited number of new taxa. As the primary ephemera l 
salt lake in the area, the playa represents an important habitat for aquatic invertebrates, which in turn 

provide a food source for waterbirds during major flood events. During major flood events, there is a strong 

association between waterbirds and high numbers of invertebrates such as Parartemia (Timms 2009), with 

crustaceans considered a key food source during the boom cycle (Marchant and Higgins 1990). In contrast  

to the lake, the peripheral wetlands contained a higher diversity of aquatic invertebrates. While a number 
of these taxa were considered opportunistic in nature, the peripheral wetlands also supported multiple 

crustacean taxa that are new and may be locally restricted. There was only a minor overlap in species 

recorded from the peripheral wetlands and the lake, potentially indicating some exchange of specimens 

during flooding. 
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Table 4-13: Aquatic invertebrates recorded from Lake Mackay and the peripheral wetlands, based on the consolidated dataset. 

Aquatic Invertebrate Taxa 
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ARTHROPODA                             

Branchiopoda                             

Anostraca                                                         

Anostraca spp. (dam/imm)       171   11   3 5   7       18       1     1   7         

Branchinella affinis                                     148         14         

Branchinella spp. (female)                               2   9       92 5           

Parartemia laticaudata 2   66 429 150 7 2 10 3 1 500 2,500   13   20       2 4   1           

Diplostraca                                                         

?Moina sp. (dam/imm)                                     11                   

Cyzicidae spp. (imm)                                           34             

Daphnia projecta                                     16                   

Diaphanosoma unguiculatum                                     642                   

Moina micrura s.l.                                           10 5           

Ozestheria sp. STC13                             13   19                       

Ozestheria sp. STC14                         1         1                     

Ozestheria spp. (imm)                             9 1,136 1     602     7           

Spinicaudata spp. (imm)                                     10       23           

Notostraca                                                         

Triops australiensis     1       4 1 2 29     5 6 1 1   1 6 3   13 5 1         

Insecta                                                         

Coleoptera                                                         

Bidessini sp. (L)                                 1     1                 

Cybister tripunctatus                         1                         1   2 

Eretes australis                             2 6     2 5   2 2 8 4       

Helochares sp. (L)                                       1                 

Hydroglyphus grammopterus                                       2                 

Paroster michaelseni?                                                   1     

Diptera                                                         

Ceratopogoninae spp.                                       2                 

Chironomus nr. tepperi         1                       2                       

Chironomus spp.                               350 1,500                       

Culex spp. (L)                                 1                       

Muscidae sp.                                       1                 

Tipuliidae spp.                                       2                 

Hemiptera                                                         

Anisops nasutus                             1                           

Anisops spp. (female)                                     3                   
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Aquatic Invertebrate Taxa 

Stantec Invertebrate Solutions 

Lake Mackay 
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Anisops stali?                                                 8 8     

Notonectidae spp. (imm)                                       1                 

Odonata                                                         

cf. Rhodothemis lieftincki?                                                     1   

Trichoptera                                                         

Triplectides australis                                       4                 

Maxillopoda (Copepoda)                                                         

Calanoida                                                         

Boeckella triarticulata     6                                                   

Calamoecia baylyi (Cue form) (ex. nr lucasi CB)                                     551                   

Calamoecia halsei                                     150                   

Cyclopoida                                                         

Meridiecyclops platypus     400     400 16 2,500 6   2     9   1                         

Meridiecyclops sp. (imm)               8           1                             

Ostracoda                                                         

Ostracoda spp. (imm)                                     1                   

Podocopida                                                         

?Ampullacypris ̀ BOS1510`                       1                     3           

?Patcypris outback   2                                                     

Bennelongia `BOS1520`                                     2         2         

Bennelongia `BOS833`(nimala lineage)                                       444                 

Billcypris n.sp. `BOS1509`             818     1,300       47                             

Heterocypris `BOS1515`                                       267                 

Ilyocypris australiensis                         4                               

Ilyocypris sp. (dam/imm)                         1                               

Ilyodromus `BOS1514`                                       104                 

Mytilocypris `BOS1521`                             7             5             

Penthesilenula brasiliensis                                                     25   

Repandocypris austinensis     1   3                                               

Reticypris ̀ BOS1371`   2 2   13                                               

Riocypris `BOS1522`                                           15             

MOLLUSCA                                                         

Bivalvia                                                         

Venerida                                                         

Corbicula australis                                                     1   

Diversity 1 2 6 2 4 3 4 5 4 3 3 2 5 5 7 7 6 3 13 15 1 8 8 5 2 3 3 1 

Abundance 2 4 476 600 167 418 840 2,522 16 1,330 509 2,501 12 76 51 1,516 1,524 11 1,543 1,441 4 172 51 32 12 10 27 2 

Note: Sites with nil aquatic invertebrates have been omitted from the table; pink shading indicates uncertain identification.  LMF10 is a pilot pond and LMF11 is an island claypan.



  

November 2021 │ Status: Final│ Project No. 300003312 │ Our ref: LMKA-AQ-2021_02_Report_Final 

Page 89 

 

Figure 4-18: Higher-level taxonomic groups of aquatic invertebrates, based on the consolidated data set. 

  

Figure 4-19: Diversity of aquatic invertebrates per site, based on the consolidated dataset.  
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Plate 4-3: Examples of aquatic invertebrates from Lake Mackay and/or peripheral wetlands (A) Parartemia 

laticaudata female, (B) Parartemia laticaudata male ventral processes, (C) Meridiecyclops platypus,  
(D) Billcypris `BOS1509`, (E) Reticypris `BOS1371`, and (F) Branchinella affinis. 
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Figure 4-20: Percentage composition of aquatic invertebrate per site, based on the consolidated data set. Sites with nil aquatic 
invertebrate records have been omitted. 
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Figure 4-21: Distribution of new aquatic invertebrate taxa recorded during the Study. 
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Table 4-14: Observed aquatic invertebrate diversity for Lake Mackay and peripheral wetlands (consolidated 
dataset), compared to estimated richness using EstimateS (Colwell 2013) diversity estimators. 

Observed vs Estimated 
Obs. & Pred. spp 

richness 

% Predicted 

collected 

Obs. 

S(obs) 53 - 

Extrapolated (70 samples) 71.23 74.4% 

D
iv

e
rs

it
y
 

e
st

im
a
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rs

 

Chao 1 Mean 59.4 89.2% 

ACE Mean 61.9 85.6% 

Bootstrap Mean 65.5 81.0% 

Jack 1 Mean 81.2 65.3% 

Range 59.4 - 81.2 89.2 - 65.3% 

 

 

Figure 4-22: Species accumulation curve for diversity estimators and rarefaction curves for observed (S(est) 
and extrapolated (S(ext)) aquatic invertebrate species, based on the consolidated dataset. 
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Figure 4-23: Non-metric multidimensional scaling ordination of the consolidated aquatic invertebrate 

dataset (◼=Lake Mackay rewetting trials, =Lake Mackay, =pilot pond, ⚫=island claypan, =periphera l 
wetlands, =Invertebrate Solutions peripheral wetlands, =Invertebrate Solutions test trench, during 
conditions, ▬ = 10 % similarity and ▬ = 20% similarity). 
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4.2.6 Riparian Vegetation 

The Study Area occurs in the Canning Botanical District of the Eremaean Botanical Province (Beard 1990). 

The district is described as tree-steppe grading to shrub-steppe communities, comprising open hummock  

grasslands of Triodia pungens and Plectrachne schinzii  (now Triodia schinzii) with scattered trees of Owenia 
reticulata, Eucalyptus spp. and Acacia spp. and Grevillea spp. shrubs. While the surface of salt lakes are 

typically devoid of vegetation, the riparian zone (margins) is often dominated by Tecticornia spp. 

(samphires), which can withstand waterlogging and elevated salinities (Datson 2002). Zonation of species 
occurs in response to factors such as flooding regime and soil properties (Barrett-Lennard 2002; Datson 2002). 

4.2.6.1 Vegetation Associations 

The following habitat types were identified (Stantec 2021), in association with the riparian zone of Lake 
Mackay, islands and the peripheral wetlands: 

• the hypersaline lake margins and the margins of the islands of Lake Mackay; and 

• the margins of saline peripheral wetlands (saltpans), which consist of similar species composition to the 
lake margins. 

Vegetation within the riparian zone was dominated by chenopod (saltbush) shrubland, from which there 

were three broad floristic formations (Table 4-15), associated with three vegetation types. These were 

predominantly characterised by halophytic genera including Tecticornia, Frankenia and Eragrostis (Stantec 
2021). 

4.2.6.2 Species Diversity, Composition and Significance 

Field survey 1 and field survey 3 of this Study identified a total of 46 plant taxa (including one introduced 

species), representing 15 families, from the riparian zone (Table 4-16, Figure 4-24). Of these, 29 taxa were 
recorded from the riparian zone of the Lake Mackay playa, while 27 taxa were associated with the riparian 

zone of islands, and 16 taxa were recorded from the peripheral wetlands. Chenopodiaceae was the most  

diverse family, with up to 21 taxa recorded, considered characteristic of salt lake margins in arid tropica l 

environments of the Great Sandy Desert Bioregion (Beard 1990). The remaining families consisted of between 

one and five taxa (Figure 4-24).  

For the consolidated dataset, 96 taxa from 25 families were recorded from Lake Mackay and peripheral 

wetlands, which includes the results of this Study and the consolidated dataset from previous surveys of the 

riparian zone (ecologia 2017, 360 Environmental 2017, Strategen 2018) (Appendix F). This included 77 taxa from 
the playa, 45 taxa from the islands and 16 taxa from peripheral wetlands (Appendix F). 

During dry conditions, species diversity per site, during this Study, ranged from two to 12 taxa within the riparian 

zone of Lake Mackay, and from two to 14 taxa within the riparian zone of the peripheral wetlands (Figure 

4-25). Average diversity was higher at the peripheral wetlands (eight taxa), in comparison to the riparian zone 

of the lake (Figure 4-25). Tecticornia aff. calyptrata was the most widespread, verified taxon during the Study, 

recorded from 18 sites across the playa, islands and peripheral wetlands (Table 4-16), followed by Frankenia 

cordata (nine sites) and Lawrencia viridigrisea (seven sites) (Figure 4-25). 

Individuals from the Poaceae were also common and recorded from most sites; however, the majority were 

unable to be identified due to a lack of flowering parts and/or were in poor condition (Appendix F). Further 
comparison of these specimens to available data on the lake margins indicates most of these were likely to 

belong to Eragrostis falcata. Similarly, the ?Neobassia sp. specimen was also likely to represent the previously 

recorded Neobassia astrocarpa, based on available records. Neither of these taxa were considered likely 

to represent significant species. The introduced *Tribulus terrestris (Caltrop) was also recorded in May 2019 

(field survey 1) at LMD5 and is a rapidly growing species recorded throughout WA (Florabase 2021). 

There were also 18 species (from four families) of significance or other interest recorded from the riparian 

zone (Appendix F), which represented threatened taxa, range extensions, affinity species, or comprised  

sterile material and were unable to be identified. These included Dysphania simulans, Goodenia 
maideniana, Lawrencia glomerata and Synaptantha tillaeacea var. hispidula, which were all range 

extensions (Stantec 2021). The remaining taxa belonged to the genus Tecticornia and are discussed in further 

detail in Section 4.2.6.4. 
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Table 4-15: Riparian zone habitats and broad floristic formations, containing Tecticornia taxa, described from Lake Mackay and peripheral wetlands. 

Habitat 
Broad Floristic 

Formation 

Vegetation 

Type/Code 
Vegetation Type Description  

Vegetation 

Condition 

Riparian zone(lake margin) 
Tecticornia low 

open shrubland 
TsppEf 

Tecticornia spp. low open shrubland over Eragrostis falcata scattered 

tussock grasses 
Excellent 

Riparian zone (lake margin) 
Maireana/Tecticornia 

low shrubland 

MlScSdFc 

Tspp(TsaTp) 

Maireana luehmannii, Goodenia collaris, Surreya diandra, Frankenia 

cordata, Tecticornia aff. calyptrata (NT form) and Tecticornia indica subsp. 

leiostachya low shrubland over Triodia salina (Triodia pungens on islands) 

very open hummock grassland 

Excellent 

Saline claypans 
Frankenia/Tecticornia 

low open shrubland 

FcTsppEf 

(TsaTs) 

Frankenia cordata and Tecticornia spp. low open shrubland over Eragrostis 

falcata scattered tussock grasses and/or Triodia salina and Triodia schinzii  

very open hummock grassland 

Excellent 

Representative Photographs 

Tecticornia low open shrubland 

(TsppEf) 

Maireana/Tecticornia low shrubland 

(MlScSdFcTspp(TsaTp)) 

Frankenia/Tecticornia low open shrubland 

(FcTsppEf(TsaTs)) 
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Table 4-16: Species list and summary of riparian vegetation diversity recorded during the Study. 

Riparian Vegetation Taxa 

Transects/Quadrats Targeted 

Lake Mackay 
Peripheral 

Wetland 
Lake Mackay 

Aizoaceae 

Trianthema pilosum •  • 

Trianthema triquetrum •   

Amaranthaceae 

Surreya diandra •• • • 

Asteraceae 

Angianthus tomentosus •   

Chenopodiaceae 

Atriplex vesicaria •   

Chenopodiaceae sp. •  • 

Dysphania plantaginella   • 

Eremophea spinosa  •  

Maireana luehmannii  • •  

Maireana sp. •   

Neobassia astrocarpa • •  

?Neobassia sp. • •  

Salsola australis •   

Sclerolaena cuneata •   

Sclerolaena fimbriolata •  • 

Sclerolaena sp. •   

Tecticornia aff. calyptrata (NT form) ••• •• •• 

Tecticornia halocnemoides subsp. longispicata ••  •• 

Tecticornia indica subsp. leiostachya  ••  

Tecticornia sp. sterile 1 •   

Tecticornia sp. sterile 2 •   

Tecticornia sp. sterile 3 •   

Tecticornia sp. sterile 4 •   

Tecticornia sp. sterile 5 •   

Tecticornia sp. sterile 6 •   

Tecticornia sp. sterile 7 •   

Euphorbiaceae 

Euphorbia wheeleri  •   

Fabaceae 

Acacia ligulata •   

Acacia sp. Lake Mackay   • 

Acacia melleodora •   

Acacia trachycarpa •   

Acacia sp. • •  
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Riparian Vegetation Taxa 

Transects/Quadrats Targeted 

Lake Mackay 
Peripheral 

Wetland 
Lake Mackay 

Frankeniaceae 

Frankenia cordata •• • • 

Goodeniaceae 

Goodenia collaris •  • 

Scaevola spinescens •   

Lauraceae 

Cassytha capillaris •   

Malvaceae 

Lawrencia aff. viridigrisea   • 

Lawrencia viridigrisea •• •  

Lawrencia sp.   • 

Myrtaceae 

Melaleuca lasiandra • •  

Poaceae 

?Eragrostis falcata ••• •  

Eragrostis lacunaria   • 

Eragrostis sp. • •  

Eriachne aristidea   • 

Paractaenum refractum   • 

Poaceae sp. •• •• • 

Triodia pungens •• •  

Triodia ?pungens   • 

Yakirra australiensis var. australiensis •   

Portulacaceae 

Portulaca decipiens   • 

Proteaceae 

Grevillea stenobotrya  •  

Santalaceae 

Exocarpos sparteus •   

Zygophyllaceae 

Roepera aurantiaca subsp. aurantiaca •   

Roepera sp.   • 

Tribulus sp. saline flats •   

*Tribulus terrestris •   

Diversity 43 16 19 

Note: * indicates weed species; • indicates sparse (<10 records), •• indicates common (11-49 records), ••• indicates 

dominant (>50 records).  
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Figure 4-24: Diversity of riparian vegetation per family recorded during the Study. 

 

Figure 4-25: Diversity of riparian flora per site recorded during field survey 1 and field survey 3 of the Study. 
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4.2.6.3 Plant Density, Cover and Health 

The density of plants in the riparian zone of Lake Mackay ranged from 4.6 plants/quadrat (LMD11) to 

21.7 plants/quadrat (LMD7) during field survey 1 and field survey 3 of the Study (Figure 4-26). Density was 

more variable across the peripheral wetlands, ranging from 4.8 plants/quadrat (PWD2) to 

29.6 plants/quadrat (PWD7) (Figure 4-26). Higher density at the peripheral wetlands may be related to soil 

properties, with increased clay content potentially increasing water retention, compared to some of the 
playa sites which were characterised by more coarse gypsum sand (Barrett 2006). Soil salinity may also 

decrease as distance from the lake increases, promoting plant colonisation, particularly in associated with 

the peripheral wetlands. 

Plant cover was variable across the sites during the Study, although was comparable between Lake Mackay 

and the peripheral wetlands (Figure 4-26). Cover in the riparian zone of the lake ranged from 2.9% (LMD7) 

to 19.1% (LMD14), and from 4.5% (PWD6) to 18.6% (PWD2) at the peripheral wetlands (Figure 4-26). Similar to 

density, soil properties such as salinity and moisture content, as well as environmental factors including 
elevation and hypersaline groundwater, can affect plant cover (Barrett-Lennard 2002; Barrett 2006; Datson 

2002). Seasonal rainfall patterns also drive recruitment of new plants, with the growth and development of 
existing vegetation influencing plant community structure in the riparian zone (Barrett 2006). 

Plant health was variable during field survey 1 and field survey 3 of the Study, showing similar trends to the 

cover and density across the sites (Figure 4-27). At Lake Mackay, average plant health ranged from 

1.6 (poor) to 4.1 (very good) and at the peripheral wetlands ranged from 1.7 (poor) to 2.4 (poor/good). The 

variability in plant health was comparable between the riparian zone of the playa and peripheral wetlands 
and, while variability can be attributed to similar factors influencing plant density and cover, it is also strongly 

linked to annual rainfall and inter-seasonal climate variability (Barrett-Lennard 2002; Barrett 2006; Datson 

2002). It should be noted that these indices were only recorded during predominantly dry conditions, with 
recruitment and improved plant health likely following substantial rainfall events.  

 

 

Figure 4-26: Plant cover (%; ◼ and ◼) and density (◼; plants/3m2) recorded during field survey 1 and field  
survey 3 of the Study. 
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Figure 4-27: Average plant health per transect recorded during field survey 1 and field survey 3 of the Study. 

 

4.2.6.4 Tecticornia Assessment 

Tecticornia taxa are members of the Chenopodiaceae family and are drought-tolerant, halophytic and 

able to withstand periods of inundation. While Tecticornia taxa are common inhabitants of the saline margins 
of salt lakes, they require freshwater to germinate and have varying soil salinity tolerances (Datson 2002). 

Elevation in the landscape, soil properties and distance to groundwater can influence the presence, 

dominance and species composition of Tecticornia. Zonation of Tecticornia spp. is common within 

chenopod shrublands of the riparian zone of salt lakes, although some species are more susceptible to 
waterlogging than others (Datson 2002). 

Understanding of the morphological and physiological adaptations and the response of Tecticornia to their 

environment is limited. An investigation into the root structure of Tecticornia at Lake Disappointment was 
completed by Botanica Consulting (2020). Each specimen consisted of a main (tap) root, with lateral roots 

extending horizontally within the soil profile; no correlation was found between soil salinity and root structure  

(Botanica Consulting 2020). Roots from each Tecticornia specimen analysed were found to be restricted to 
the upper horizon of the soil profile (between the surface and 30 cm deep) (Botanica Consulting 2020).  

The results of this work indicate that it is unlikely that Tecticornia plants at Lake Mackay access saline 

groundwater, given the depths to groundwater are typically at least 0.5 m below the surface of the playa, 

and increase on island and terrestrial habitats to depths of between 3 m, up to 10 m. In addition, the salinity 
of groundwater (>200,000 mg/L) is likely outside the tolerance limits of the majority of Tecticornia spp. (Moir-
Barnetson et al. 2016). Therefore, Tecticornia are unlikely to represent groundwater-dependent vegetation. 

It is more likely that Tecticornia taxa are supported by low salinity or freshwater within the vadose zone. A 
capillary fringe occurs between the saturated zone of the water table and the vadose zone. This zone 

includes surface soil, unsaturated subsurface materials, and a transiently inundated capillary fringe within 

the soil profile of the lake sediments, which also underlies the islands. Water in the vadose zone rises and falls 

within the soil profile according to hydrological conditions and in response to rainfall, particularly moderate 
to major flood events, which causes recharge. The vadose zone comprises low salinity water stored within 

soil pore spaces (pore water), which likely supports shallow-rooted riparian vegetation taxa including 
Tecticornia representatives.  
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4.2.6.4.1  Tecticornia Diversity 

Tecticornia taxa representatives of the Lake Mackay riparian zone comprised nine taxa, while 13 taxa were 

associated with the riparian zone of the islands, and two taxa were recorded from the riparian zone of the 
peripheral wetlands. Tecticornia aff. calyptrata (NT form) and Tecticornia indica subsp. leiostachya were 

identified from the riparian zone of the playa, the islands and the peripheral wetlands. Tecticornia aff. 

halocnemoides subsp. longispicata, Tecticornia sp. sterile 2, Tecticornia sp. sterile 3 and Tecticornia sp. 

Sterile 8 were restricted to the riparian zone of Lake Mackay, and eight taxa were restricted to the islands.  

Of the 17 taxa recorded, three of these (Tecticornia halocnemoides, Tecticornia halocnemoides subsp. 
longispicata, Tecticornia indica subsp. leiostachya) were considered common and/or widespread 

(Appendix G). The remaining taxa are discussed in the subsequent section. 

4.2.6.4.2  Tecticornia Taxa of Significance 

Of the 17 Tecticornia taxa identified from Lake Mackay and surrounds, one is of conservation significance; 

Tecticornia globulifera. This taxon is listed as a Priority 1 (P1) flora species under the BC Act. The collection of 
three specimens by ecologia Environment (2017) and 360 Environmental (2017a) at Lake Mackay represent  

both a Category A range extension and a Category B range extension (Figure 4-29), with the 21 vouchered 

specimens lodged at the WAH predominantly originating from relatively localised parts of the Pilbara and 

Gascoyne bioregions (Florabase 2021). These records are considered to regionally significant as the nearest  

known specimens were recorded more than 900 km to the northwest of Lake Mackay (Florabase 2021). The 
only record currently documented from the Great Sandy Desert (Florabase 2021) is from the ecologia (2017) 
field survey.  

Tecticornia globulifera was recorded by ecologia Environment (2017) within two transect plots on an island 

of Lake Mackay, and was locally abundant and associated with saline lake margin habitat . The specimens 

recorded by 360 Environmental (2017a) were also recorded on the same island (Figure 4-28). Tecticornia  

globulifera tends to be found on moderately saline flats on red-brown gritty clay and in association with 

other Tecticornia species (Shepherd and van Leeuwen 2011), similar to the characteristics associated with 
the islands of Lake Mackay. 

Five additional Tecticornia taxa were also considered to be species of other significance (EPA 2016d): 

• Range extensions: 

o Tecticornia pergranulata subsp. elongata; 

o Tecticornia tenuis; and 

o Tecticornia sp. Dennys Crossing. 

• Affinity species: 

o Tecticornia aff. calyptrata (NT form); and 

o Tecticornia aff. halocnemoides subsp. longispicata. 

Collection of Tecticornia pergranulata subsp. elongata, Tecticornia tenuis and Tecticornia sp. Dennys 

Crossing (K.A. Shepherd & J. English KS 552) by 360 Environmental (2017a) at Lake Mackay represents a 

Category B range extension for all three taxa. Tecticornia pergranulata subsp. elongata is widespread 
throughout WA and has been recorded from eight IBRA bioregions (Florabase 2021). This taxon was recorded 

from a large island towards the NT border, with one record located on the southern side of the lake (Figure 

4-30). Tecticornia tenuis and Tecticornia sp. Dennys Crossing are both considered to be widespread 
throughout WA, and Australia more broadly, from at least six IBRA bioregions (Florabase 2021).  

Both taxa were also located on the same large playa island of Lake Mackay (Figure 4-30, Figure 4-30).  

Tecticornia tenuis was previously known from records 180 km south, with 24 vouchered specimens at the WAH. 

The taxon is considered to be poorly collected and has been submitted to the WAH at the request of Kelly 
Shepherd by 360 Environmental. Tecticornia sp. Dennys Crossing has also been identified from Lake Throssell (K. 

Shepherd, pers. comm. 2021) and is previously known from records 540 km to the west, with 69 vouchered 
specimens at the WAH. 

Tecticornia calyptrata is widespread throughout inland regions of WA and is commonly associated with salt 

lakes (Plate 4-4) (Florabase 2021). While the Lake Mackay specimens displayed morphological affinities with 

Tecticornia calyptrata, Tecticornia aff. calyptrata (NT form) was distinct from the type known from the Wiluna  

region and was more analogous with the NT form (K. Shepherd pers. comm. 2020). Therefore, the Lake 

Mackay taxon may be considered a species of other significance. This taxon was recorded by ecologia  
Environment (2017), 360 Environmental (2017a) and Strategen Environmental (2018), as well as during field  

surveys 1, 3, 4 and 5 of this Study (Table 4-17, Figure 4-30). Specimens of Tecticornia aff. calyptrata (NT form) 

have also been recorded from other salt lakes in WA; with genetic sequencing currently underway to assess 
lineage and the relationship of this taxon to Tecticornia calyptrata (K. Shepherd pers. comm. 2021).  
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Plate 4-4: (A-B) Tecticornia aff. calyptrata within the riparian zone of Lake Mackay. 

 

Similarly, Tecticornia aff. halocnemoides subsp. longispicata also has the potential to be considered as a 

species of other significance, due to its affinity with Tecticornia halocnemoides subsp. longispicata. This 
species has been recorded from the Great Sandy Desert. However, the specimens recorded during this Study 

from the south-western saline margins of Lake Mackay are distinct from typical examples, as the vegetative 

articles and floral bracts are much narrower than the usual form of the species (Strategen Environmenta l 

2018). In addition to these records, this taxon was also recorded during field surveys 1, 2 and 4 of this Study 

(Table 4-17), from one area in the southwest corner of the lake, adjacent to an inflow area (Figure 4-30). The 
WAH contains 19 vouchered records, distributed across four bioregions within WA. 

The eight unidentified Tecticornia taxa are of interest, as their taxonomy was unable to be resolved due to 
a lack of fruiting or flowering parts (sterile specimens) at the time of collection, which was during dry 

conditions. These taxa were located within the riparian zone along the south and northeast margins of Lake 

Mackay, as well as on two of the islands (Figure 4-31). It is likely that these unidentified specimens belong to 

Tecticornia aff. calyptrata (NT form) or Tecticornia halocnemoides subsp. longispicata (Table 4-17), based 

on verified taxon records (following substantial rainfall) from the same sites or within proximity  to these sites 
during this Study.   

4.2.6.4.3  Tecticornia Species Accumulation Estimate 

Based on the consolidated dataset comprising this Study and previous survey work, a total of 17 Tecticornia  

taxa have been identified from 280 specimens, throughout the riparian zone of the lake, islands and 

peripheral wetlands. Four taxa were recorded by ecologia Environment (2017), with a further five taxa were 
recorded by 360 Environmental (2017a) and one additional taxon was recorded by Strategen Environmenta l 

(2018) (Appendix F). Seven taxa were recorded during field survey 1 and field survey 3 of this Study; however, 

all were sterile (16 specimens) and are likely to represent taxa verified in subsequent surveys (field surveys 4 

and 5). The sterile specimens, in conjunction with the one sterile specimen collected by 360 Environmenta l 
(2017a), comprise 6% of the total Tecticornia collection between 2017 and 2021. 

The predicted species richness for Tecticornia taxa at Lake Mackay and peripheral wetlands ranged from 

20 to 27 species. The observed total of 17 species represented 63.6% to 83.7% of the predicted richness (Table 
4-18, Figure 4-32). The species accumulation curves were trending downwards for two of the species richness 

estimators (ICE Mean and Chao 2 Mean), with the other three estimators (Jack Mean 1, Jack Mean 2 and 

Bootstrap Mean) starting to plateau (Figure 4-32). Extrapolation of the observed species accumulation curve 

demonstrated that an additional four Tecticornia species may potentially be collected from Lake Mackay 

and the peripheral wetlands (Table 4-18, Figure 4-32). However, this is considered unlikely, given no new 
taxa were recorded from the 47 flowering specimens collected in February and March 2021 following heavy 
rainfall (field surveys 4 and 5) and only 6% of specimen collected were sterile. 

 

 

 

BA
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Table 4-17: Consolidated abundance, significance and descriptions of Tecticornia taxa recorded, based on the consolidated dataset. 

Taxa / Survey Records 
Abundance / 

Distribution 
Significance Description Previous Naming Convention 

Tecticornia aff. calyptrata (NT form) 

(ecologia Environment 2017) 

(360 Environmental 2017a) 

(Strategen Environmental 2018) 

Stantec (field survey 1, 3, 4, 5) 

⚫⚫⚫ Species of other significance 

– affinity species 

The specimens display morphological affinities with Tecticornia calyptrata; 

however, it is distinct from the type known from the Wiluna region and is more 

analogous with the NT form (K. Shepherd pers. comm.). Specimens of Tecticornia 

aff. calyptrata (NT form) have also been recorded from other salt lakes in WA; 

therefore, genetic sequencing is currently underway to assess the taxa’s lineage 
and to assess its similarity to Tecticornia calyptrata (K. Shepherd pers. comm. 

2021). 

Tecticornia calyptrata  

(360 Environmental 2017a) 

Tecticornia globulifera 

(ecologia Environment 2017) 

(360 Environmental 2017a) 

⚫ Priority 1 

Species of other significance 

– Range Extension Category A & 

Category B 

Tecticornia globulifera is listed as a P1 flora species under the BC Act, and 

collection of three specimens by 360 Environmental (2017a) and ecologia  

Environment (2017) on one of the landform islands of Lake Mackay. This 
represents both a Category A range extension and a Category B range 

extension, with 21 vouchered specimens lodged at the WAH predominant ly 

originating from relatively localised parts of the Pilbara and Gascoyne 

bioregions (Florabase 2021). These records are considered to regiona lly 

significant as the nearest known specimens were recorded more than 900 km to 
the northwest of Lake Mackay (Florabase 2021). 

The only record currently documented from the Great Sandy Desert on 
FloraBase is from the ecologia Environment (2017) field survey (Florabase 2021). 

Tecticornia globulifera was recorded by ecologia Environment (2017) within two 

transect plots on an island of Lake Mackay and was considered locally 

abundant and was associated with saline lake margin habitat. The specimens 

recorded by 360 Environmental (2017a) were also recorded on the same island  
(Figure 4-28). Tecticornia globulifera tends to be found on moderately saline flats 

on red-brown gritty clay and in association with other Tecticornia species 

(Florabase 2021), similar to the characteristics associate with the islands of Lake 
Mackay. 

- 

Tecticornia aff. halocnemoides subsp. longispicata 

(Strategen Environmental 2018) ⚫ Species of other significance 

– affinity species 
Tecticornia aff. halocnemoides subsp. longispicata has the potential to be 

considered as a species of other significance due to its affinity with Tecticorni a  

halocnemoides subsp. longispicata. Recorded from the Great Sandy Desert ; 

however, the specimens recorded during the Study from the south-western 
saline margins of Lake Mackay are distinct from typical examples, as the 

vegetative articles and floral bracts are much narrower than the usual form of 

the species (Strategen Environmental 2018). In addition to the Strategen 

Environmental (2018) records, this taxon was also recorded during Stantec field  
surveys 1, 2 and 4 (Table 4-17), and was recorded from one area in the 
southwest corner of the lake, adjacent to an inflow area (Figure 4-30). 

The Atlas of Living Australia contains 198 records of Tecticornia halocnemoides 
subsp. longispicata, the majority of which occur in SA. The WAH contains 19 

vouchered records, distributed across four bioregions within WA (Florabase 2021). 

Tecticornia aff. halocnemoides 

subsp. longispicata [M. Stone 

LM01.04] 

(Strategen Environmental 2018) 

Tecticornia halocnemoides 

(360 Environmental 2017a) ⚫ Nil Tecticornia halocnemoides is a common, widespread taxon recorded from more 

than 15 IBRA bioregions across three states. It can be found within the riparian 

zone of inland waterways, through to estuarine, marine and coastal ecosystems 

(Florabase 2021). 

This taxon was recorded from a large playa island towards the NT border 

(Appendix G). 

 

 

 

  

- 

Tecticornia halocnemoides subsp. longispicata 
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Taxa / Survey Records 
Abundance / 

Distribution 
Significance Description Previous Naming Convention 

(ecologia Environment 2017) 

(360 Environmental 2017a) 

Stantec (field survey 1, field survey 2, field 

survey 4) 

⚫⚫⚫ Nil The Atlas of Living Australia contains 198 records of Tecticornia halocnemoides 
subsp. longispicata, the majority of which occur in SA. The WAH contains 19 

vouchered records, distributed across four bioregions within WA (Florabase 2021). 

This taxon was recorded from the lakes riparian zone, the playa islands and the 

peripheral wetlands (Appendix G). 

- 

Tecticornia indica subsp. leiostachya 

(ecologia Environment 2017) 

(360 Environmental 2017a) 

Stantec (field survey 1) 

⚫⚫ Nil Tecticornia indica subsp. leiostachya is widespread throughout WA and has 

been recorded from at least 15 IBRA bioregions (Florabase 2021) 2021). 

This taxon was recorded from the lakes riparian zone, the playa islands and the 

peripheral wetlands (Appendix G). 

- 

Tecticornia pergranulata subsp. elongata 

(360 Environmental 2017a) ⚫ Species of other significance 

– Range Extension Category B 

Tecticornia pergranulata subsp. elongata is widespread throughout WA and 

has been recorded from eight IBRA bioregions (Florabase 2021). This taxon was 

recorded from a large playa island towards the NT border, with one record 

located on the southern side of the lake (Figure 4-30). 

- 

Tecticornia tenuis 

(360 Environmental 2017a) ⚫ Species of other significance 

– Range Extension Category B 

Tecticornia tenuis is widespread and distributed throughout WA, and Australia 

more broadly. This taxon was located on a large playa island towards the NT 

border (Figure 4-30). It was previously known from records 180 km south, with 24 

vouchered specimens at the WAH. 

The taxon is considered to be poorly collected and has been submitted to the 

WAH at the request of K. Shepherd. 

- 

Tecticornia sp. Dennys Crossing (K.A. Shepherd & J. English KS 552) 

(360 Environmental 2017a) ⚫ Species of other significance 

– Range Extension Category B 
Tecticornia sp. Dennys Crossing is considered to be widespread and distributed 

throughout WA, and Australia more broadly, from 12 IBRA bioregions (Florabase 
2021). This taxon was located on a large playa island towards the NT border 
(Figure 4-30). 

This taxon has also been identified from Lake Throssell (K. Shepherd, pers. comm. 

2021). it is previously known from records 540 km to the west and 69 vouchered 

specimens are at the WAH (Florabase 2021). 

- 

Tecticornia sp. sterile 1, Tecticornia sp. sterile 2, Tecticornia sp. sterile 3, Tecticornia sp. sterile 4 

Stantec (field survey 1) ⚫ Species of other significance 

– sterile material 

Tecticornia sp. sterile 1 to Tecticornia sp. sterile 4 were unsuitable for verification 

by K. Shepherd (WAH) as they were sterile. 

It is assumed that all other unidentified flowering Tecticornia specimens collected 
from the riparian zone are likely to be Tecticornia aff. calyptrata (NT form) or 

Tecticornia halocnemoides subsp. longispicata, based on the consolidated 

dataset (Table 4-16, Appendix E, Appendix F), comprising a total of seven field 

surveys and more than 200 specimens collected across multiple seasons. These 

taxa were shown to be widespread and common within the riparian zone during 

the Study (Table 4-16, Appendix E, Appendix F). 

Records from the same sites as which the sterile taxa were recorded were 

characterised by Tecticornia aff. calyptrata (NT form) and/or Tecticornia 

halocnemoides subsp. longispicata. 

- 

Tecticornia sp. sterile 5, Tecticornia sp. sterile 6, Tecticornia sp. sterile 7 

Stantec (field survey 2) ⚫ Species of other significance 

– sterile material 

Tecticornia sp. sterile 5 to Tecticornia sp. sterile 7 were unsuitable for verification 

by K. Shepherd (WAH) as they were sterile. 

It is assumed that all other unidentified flowering Tecticornia specimens collected 
from the riparian zone are likely to be Tecticornia aff. calyptrata (NT form) or 

Tecticornia halocnemoides subsp. longispicata, based on the consolidated 

dataset (Table 4-16, Appendix E, Appendix F), comprising a total of seven field 

surveys and more than 200 specimens collected across multiple seasons. These 

taxa were shown to be widespread and common within the riparian zone during 

the Study (Table 4-16, Appendix E, Appendix F). 

Records from the same sites as which the sterile taxa were recorded were 

characterised by Tecticornia aff. calyptrata (NT form) and Tecticornia 

halocnemoides subsp. longispicata. 
 

Tecticornia sp. (sterile) 

(Stantec field survey 2) 
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Taxa / Survey Records 
Abundance / 

Distribution 
Significance Description Previous Naming Convention 

Tecticornia sp. sterile 8 

(360 Environmental 2017a) ⚫ Species of other significance 

– sterile material 

Tecticornia sp. sterile 8 was unsuitable for verification by K. Shepherd (WAH) as the 

specimen was sterile. 

It is assumed that all other unidentified flowering Tecticornia specimens collected 

from the riparian zone are likely to be Tecticornia aff. calyptrata (NT form) or 

Tecticornia halocnemoides subsp. longispicata, based on the consolidated 

dataset (Table 4-16, Appendix E, Appendix F), comprising a total of seven field 

surveys and more than 200 specimens collected across multiple seasons. These 
taxa were shown to be widespread and common within the riparian zone during 

the Study (Table 4-16, Appendix E, Appendix F). 

Records from the site as which the sterile taxon was recorded was characterised 

by Tecticornia aff. calyptrata (NT form) and Tecticornia halocnemoides subsp. 

longispicata, while adjacent site LMF10 was also charactersied by the same taxa. 

Tecticornia sp. 

(360 Environmental 2017a) 

Note: • indicates regional distribution and abundant; •• indicates locally widespread and common; ••• indicates localised and uncommon. 
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Figure 4-28: Priority Tecticornia species records from Lake Mackay and peripheral wetlands during 
the Study. 

 

Figure 4-29: Tecticornia records of other significance (range extensions) from Lake Mackay and 
peripheral wetlands during the Study. 
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Figure 4-30: Tecticornia records of other significance (affinity species) from Lake Mackay and 
peripheral wetlands during the Study. 

 

Figure 4-31: Tecticornia records of other significance (sterile material) from Lake Mackay and 
peripheral wetlands during the Study. 
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Table 4-18: Observed Tecticornia taxa diversity for Lake Mackay and peripheral wetlands, based on the 
consolidated dataset, compared to estimated richness using EstimateS (Colwell 2013) diversity estimators. 

Observed vs Estimated 
Obs. & Pred. spp 

richness 

% Predicted 

collected 

O
b

s.
 

S(obs)  17 - 

Extrapolated (286 samples) 20.7 82.1% 

D
iv

e
rs

it
y
 

e
st

im
a

to
rs

 

Bootstrap Mean 20.3 83.7% 

Chao 2 Mean 21.9 77.7% 

Jack 1 Mean 24.0 71.0% 

Jack 2 Mean 26.0 65.5% 

ICE Mean 26.7 63.6% 

Range 20.3 - 26.7 83.7 - 63.6% 

 

 

Figure 4-32: Species accumulation curve for the various diversity estimators and rarefaction curves for 
observed (S(est) and extrapolated (S(ext)) number of Tecticornia taxa, based on the consolidated dataset. 
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4.2.6.5 Trends 

Based on hierarchical classification, the flora community assemblages of the riparian zones of the Lake 

Mackay playa, the islands and the peripheral wetlands were broadly similar (Figure 4-33). The majority of 

sites shared more than 30% similarly in community composition, including all island sites and five of the six 
peripheral wetlands, with the exception of site PWD7 (Figure 4-33). The riparian vegetation at site PWD7 

comprised only Eragrostis sp. and Tecticornia indica subsp. leiostachya, whereas most other peripheral sites 

were characterised by a broader range of taxa, including representatives from Asteraceae, Frankeniaceae 
and Chenopodiaceae, including the ubiquitous Tecticornia aff. calyptrata (NT form) (Appendix F).  

The riparian zones of seven islands (LMD2, LMD4, LMD5, LMD6, LMD8, LMD12 and LMD13), were most simila r 

to the peripheral wetlands (except PWD7), sharing approximately 25% similarity (Figure 4-33), with Tecticornia  

aff. calyptrata (NT form), Tecticornia indica subsp. leiostachya and species of the families Poaceae and 
Asteraceae dominant at both habitat types. The remaining island sites were broadly similar to the majority 

of playa sites (approximately 35% similarity) (Figure 4-33), with halophytic samphires dominant at both 

habitat types including Tecticornia aff. calyptrata (NT form) and Tecticornia halocnemoides subsp.  
longispicata) (Appendix F). 

The following key trends were identified during the Study: 

• Riparian vegetation representative of the Lake Mackay riparian zone comprised 29 taxa, while 27 taxa 

were associated with the riparian zone of playa islands, and 16 taxa were recorded from the riparian 

zones of the peripheral wetlands. Overall, average diversity was higher at the peripheral wetlands, in 
comparison to the riparian zone of Lake Mackay wetlands; 

• Chenopodiaceae was the most diverse family (21 taxa) and Tecticornia aff. calyptrata was the most  

widespread verified taxon. recorded from 18 sites across the playa, islands and peripheral wetlands. This 
was followed by Frankenia cordata (nine sites) and Lawrencia viridigrisea (seven sites); 

• Riparian vegetation plant density, cover and health was variable, although considered comparab le 

between Lake Mackay, the islands and peripheral wetlands. These indices were only recorded during 

predominantly dry conditions, with recruitment and improved plant health likely following substantia l 
rainfall events; 

• Tecticornia was the dominant genera with 17 taxa representatives recorded during the Study. The Lake 
Mackay riparian zone comprised nine taxa, while 13 taxa were associated with the riparian zone of playa 
islands, and two taxa were recorded from the riparian zone of the peripheral wetlands;  

• Of the 17 Tecticornia taxa identified during the Study and from the consolidated dataset, one was of 
conservation significance; Tecticornia globulifera (P1), recorded from one landform island.  

Typical of inland salt lakes of WA, the riparian zone of the Lake Mackay playa, islands and periphera l 
wetlands host a flora assemblage characterised by chenopods (Barrett-Lennard 2002; Barrett 2006). Plant 

density, cover and health was variable although considered comparable between lake, island and 

peripheral riparian zones, with recruitment and improved plant health to occur following substantial rainfall 

events. Tecticornia was the most important plant genera, representing approximately 85% of predicted 

species richness. with one priority flora species. In addition, several Tecticornia taxa were of other 
significance, comprising another three range extensions and two affinity species, however, these taxa were 
widespread within the riparian zone of the lake and islands and were not considered to be restricted.  
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Figure 4-33: Hierarchical classification of riparian vegetation community structure recorded within the consolidated data (=Lake Mackay, ⚫=islands and 

=peripheral wetlands). 
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5. Conclusion 
This Study provides baseline data on the aquatic and riparian ecology of the highly episodic Lake Mackay 
and peripheral wetlands, across five field surveys in dry and flooded conditions. Rewetting trials were 

completed in the laboratory and opportunistic sampling was undertaken to assess the distribution, diversity 

and abundance of aquatic biota, riparian vegetation and waterbirds inhabiting the lake, islands and 

peripheral wetlands. Historic data of relevance was also collated and consolidated. Significant  and new 

taxa, as well as species of interest were documented, to gain an understanding of the ecological values 
within a local and regional context, considering hydrological processes. A summary of the key findings is 
presented in Table 5-1 and provided for each of the ecological components below. 

5.1 Surface Water Quality 

Surface water quality at Lake Mackay and peripheral wetlands was strongly influenced b y the hydroperiod  
during the Study. Under flooded conditions, the lake, island claypan and peripheral wetlands ranged from 

acidic to circumneutral (pH 6.4 to 6.7). Shifts in pH occurred as the hydroperiod progressed, with pH 

becoming more alkaline across the lake (up to 7.6) and peripheral wetlands (up to 9) (Table 5-1). Salinity 

varied across Lake Mackay during flooding, ranging from hyposaline (29,800 µs/cm) to hypersaline 
(131,000 µs/cm), with an average of 58,400 µs/cm (comparable to saltpans on the lake margins), increasing 

substantially throughout the hydroperiod due to evapoconcentration. The freshwater and island claypans 
had much lower salinities of less than 3,000 µs/cm throughout the hydroperiod (Table 5-1). 

Nutrient concentrations were generally low in the surface water at Lake Mackay under flooded conditions, 

in comparison to peripheral wetlands and the island claypan (Table 5-1). Elevated total nitrogen and total 

phosphorus was likely associated with allochthonous inputs from riparian vegetation to the periphera l 

wetlands and island claypan. Dissolved metal concentrations in the lake were also typically low (Table 5-1), 

likely due to limited transport pathways for deposition of mineralised sediment from the catchment. In 
contrast, dissolved metals were higher at the peripheral wetlands, with aluminium, chromium, cobalt, 

copper, iron, lead, selenium and zinc exceeding their respective ANZG (2018) DGVs for marine and 

freshwaters. Naturally elevated background concentrations of these metals are likely related to differences 
in local geology throughout the region. 

5.2 Sediment Quality 

Similar to water quality, sediment quality at Lake Mackay varied according to the hydroperiod during the 

Study. Sediment pH at the lake ranged from neutral to alkaline (pH 6.6 to 8.1) in dry conditions, trending to 

alkaline during flooding (pH 7.4 to 7.9). Similarly, pH at the peripheral wetlands was neutral to alkaline when 
dry (7.3 to 8.4); however, was more variable during flooded conditions (pH 5.4 to 8.5) (Table 5-1). Sediment  

salinity at the lake was relatively high when dry (up to 179,000 mg/kg), with dilution during flooding 

substantially reducing concentrations (maxima of 58,100 mg/kg). A similar trend was evident at periphera l 

wetlands, with salinity ranging from up to 302,000 mg/kg during dry conditions, and decreasing to less than 

50,000 mg/kg when inundated. In comparison, the salinity of the island claypan was substantially lower in 
flood (<650 mg/kg) (Table 5-1).  

Nutrient concentrations in the sediments of Lake Mackay and peripheral wetlands were also higher during 
dry conditions (Table 5-1). The peripheral wetlands also had greater variability, with higher nutrients recorded 

at the peripheral wetlands and and island claypan, attributed to allochthonous inputs and decomposit ion 

of aquatic biota during flooding. Concentrations of total metals in the sediments of Lake Mackay, the island 

claypan, and peripheral wetlands were generally low throughout the surveys, with no exceedances of ANZG 

(2018) DGVs. Where detected, metal concentrations were typically lower and more uniform throughout the 
lake (Table 5-1), compared to the peripheral wetlands, due to differences in local catchment geology. 

5.3 Algae and Macrophytes 

A total of 42 algal taxa were recorded during the Study, which are all known more broadly from inland 

waters throughout Australia (Table 5-1). Lake Mackay supported the majority of these taxa (37), compared 
to the peripheral wetlands (25 taxa). Three phyla were represented across these waterbodies, dominated 

by Bacillariophyta (diatoms), while Chlorophyta (green algae) and Cyanophyta (cyanobacteria ) 

contributed to algal composition to a lesser degree. Diatom taxa such as Hantzschia sp. aff. baltica and 

Navicula sp. aff. incertata were prevalent across both the lake and peripherals wetlands, considered 
important primary producers in salt lakes within the benthos.   
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Filamentous cyanobacteria, comprising taxa such as Nodularia and Phormidium (Table 5-1), were most  

common in Lake Mackay during the rewetting trials, with green algae commonly associated with 

freshwaters, generally depauperate. No submerged macrophytes were observed during flooded conditions, 

although, the oospores (resting stages) of salt tolerant and freshwater charophytes (large green algae) were 

recorded from the freshwater claypans and saltpans. Water quality was considered to be the main driver of 
algal composition, specifically salinity and nutrients. Low salinities and high nutrients are likely to increase the 
diversity and growth of algae in the lake during the early onset of major floods.  

5.4 Diatoms 
A total of 25 diatom taxa were recorded during the Study, across the rewetting trials and flooded conditions 

(Table 5-1). The diatom assemblage of the lake and peripheral wetlands was characterised by halophilic 

and aerophilic taxa comprising Amphora, Navicula and Hantzschia representatives. There were no 
signifcant taxa identified, with all of the species also known from other salt lakes throughout Australia. 

Species diversity was slightly lower in the lake, compared to the peripheral wetlands (17 and 21 taxa, 

respectively), although both were dominated by common saline water taxa ; Amphora coffeaeform i s, 

Navicula sp. aff. incertata, Hantzschia sp. aff. baltica (Table 5-1). The freshwater claypans showed greater 

variability attributed to differing water quality and substrate availability, supporting species reflective of 
these conditions, including Pinnularia, Achnanthidium, Neidium and Stauroneis representatives. 

Lake Mackay generally had a higher diatom abundance during the rewetting trials and flooded conditions 
of the Study, driven by the dominance of a small number of salt tolerant taxa  (Table 5-1). In contrast, the 

abundance of diatoms in the peripheral wetlands was considered patchy, with diatoms absent from some 
sites, which may reflect adverse substrate type or conditions. 

5.5 Aquatic Invertebrates 
In total, 53 aquatic invertebrate taxa have been identified from Lake Mackay, the islands and the periphera l 

wetlands (Table 5-1), based on consolidated data from rewetting trials and surveys conducted during 

flooding, including previous studies. These taxa belonged to five higher level taxonomic groups including 

Insecta, Bivalvia and the crustacean classes of Branchiopoda, Maxillopoda and Ostracoda. The total 

number of taxa represented approximately 90% of predicted species richness for the lake and periphera l 
wetlands.  

Lake Mackay was characterised by a relatively low  diversity of aquatic invertebrates, with 13 taxa recorded 
from the playa, based on all previous surveys (Table 5-1). Surface water salinity was identified as the key 

factor influencing the assemblage. During the flooded conditions of this Study, the diversity at most sites 

ranged from two to four taxa, corresponding to the predominantly mesosaline conditions. This also aligned 
with the limited diversity recorded during rewetting trials and the assessment of the invertebrate egg bank. 

The aquatic invertebrate community of Lake Mackay was generally dominated by halophilic branchiopods 

and copepods. This included the anostracan (brine shrimp) Parartemia laticaudata (Table 5-1). This is a 

widespread species in WA, which represented a major component of the invertebrate community during 
flooded conditions and also hatched during rewetting trials. The broadly distributed cyclopoid copepod 

Meridiecyclops platypus was another taxon frequently recorded from the lake under flooded conditions, 

while the notostracan (shield shrimp) Triops australiensis and several ostracod (seed shrimp) species were 

also common. The latter also hatched during rewetting trials and was a dominant component of the 
invertebrate egg bank within the lake sediment. 

The total diversity of the peripheral wetlands was substantially higher than Lake Mackay, with 45 aquatic 

invertebrate taxa recorded, reflecting the heterogeneous conditions. Insect taxa were the most speciose 
group, followed by branchiopods and ostracods, while Maxillopods (copepods) and bivalves contributed 

to a lesser extent (Table 5-1). The diversity and composition of the peripheral wetlands varied, in response to 

differences in water quality, substrate, and allochthonous inputs, with the assemblage typically distinct from 

Lake Mackay. This was primarily in response to the low surface water salinities, with the island claypan also 

aligned with the peripheral wetlands. The peripheral wetlands supported a higher proportion of opportunist ic 
insect taxa, while Branchinella was the dominant anostracan and diplostracans from the orders Cladocera  
(water fleas) and Spinicaudata (clam shrimp), as well as ostracod species were also recorded.  

Lake Mackay supports a relatively low diversity of aquatic invertebrate taxa, primarily comprising common 
and widespread halophilic taxa, along with a limited number of new species. New taxa consisted of resident  

crustacean groups of mostly ostracods, with a minor number of spinicaudatans. They are currently only 

known from the lake, or the lake and peripheral wetlands, however, are considered widespread throughout  

the area. As the primary ephemeral salt lake in the region, the lake represents important habitat for aquatic 

invertebrates during major flood events, which in turn provide a food source for waterbirds. The periphera l 
wetlands contain a higher diversity of aquatic invertebrates, some of which have also been identified as 
new and/or potentially restricted. 
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5.6 Riparian Vegetation 
Two habitat types have been identified with the riparian zone comprising the lake/island margins and saline 

peripheral wetlands (saltpans), with the latter comprising a similar assemblage to the lake fringe. Vegetation 

within the riparian zone is dominated by chenopod shrubland, comprising three broad floristic formations, 

associated with three vegetation types, characterised by halophytic genera including  Tecticornia,  
Frankenia and Eragrostis (Table 5-1). 

The consolidated dataset including the results from this Study identified a total of 96 flora taxa from 25 

families, recorded from Lake Mackay, the islands and peripheral wetlands. Chenopodiaceae was the most  
diverse family (21 taxa) and Tecticornia aff. calyptrata was the most widespread verified taxon (Table 5-1), 

occurring throughout the region. Frankenia cordata and Lawrencia viridigrisea were also common and 

widespread. One introduced taxon, *Tribulus terrestris (Caltrop), was also recorded during the Study. There 

were also several taxa of significance and other significance identified, comprising affinities and range 

extensions. 

Riparian vegetation plant density, cover and health was variable during the Study, although was considered 

comparable between Lake Mackay, the islands and peripheral wetlands (Table 5-1). These indices were 

only recorded during predominantly dry conditions, with recruitment and improved plant health likely to 
occur following substantial rainfall events. 

There were 17 Tecticornia taxa (samphires) identified from the riparian vegetation zone of the lake, islands 

and peripheral wetlands (Table 5-1), representing approximately 85% of predicted species richness. 

Nine taxa were recorded on the lake margins, 13 on the islands, and two on the margins of the periphera l 

wetlands. Three of these taxa (Tecticornia halocnemoides, Tecticornia halocnemoides subsp. longispicata  

and Tecticornia indica subsp. leiostachya) are common and/or widespread, while the remaining taxa were 

priority species, or taxa of other significance (affinity taxa or range extensions). Eight taxa were also sterile 
and were likely to belong to one of the verified Tecticornia taxa. None of the Tecticornia taxa identified from 

the lake, islands and peripheral wetlands have a locally restricted distribution, and occur more broadly 

throughout the area, or across bioregions. 

5.7 Significant Taxa and Summary of Ecological Values 
Lake Mackay is a predominantly dry, highly episodic saline playa, that when inundated, supports a relatively 

low number of resilient, halophytic aquatic biota, comparable to other inland salt lakes throughout Australia. 

Peripheral wetlands comprise larger saltpans, with similar characteristics to the playa (Table 5-1). While the 

island claypans and freshwater claypans are more diverse, most of the taxa recorded from the lake and 
peripheral wetlands are considered widespread, having been documented from regional salt lakes in WA .  

During this Study, the algae and diatom communities comprised common, ubiquitous, and cosmopolitan 

genera and species, with no significant taxa recorded, and a high degree of similarity was evident in the 
community structure from the playa and saltpans. Aquatic invertebrate communities were more variable, 

with higher diversity in the freshwater claypans, attributed to a broader range of habitat types. Ten new 

were taxa identified, comprising two spinicaudatans and eight ostracods (Table 5-1). Two of these taxa were 

widespread throughout the playa and likely occur across the border into the NT, which will not be impacted 

by the Project. The peripheral wetlands to the south of the lake, which will not be impacted by the Project ,  
also support eight new aquatic invertebrate species (two spinicaudatan and six ostracod taxa). 

The productivity of algae, diatoms and aquatic invertebrates throughout the lake and peripheral wetlands 
during flooded conditions provides important foraging conditions, as well as breeding habitat for waterbirds. 

One threatened waterbird species (Australian Painted Snipe; endangered) and up to eight migratory 

waterbird species have been recorded from Lake Mackay and surrounds during field surveys (Table 5-1). 

Suitable breeding conditions occur for waterbirds, specifically Banded Stilts during inundation events that 

last for >65 days, with only six of these events recorded since 2000, according to assessment of satellite 
imagery. The largest of inundation events only occur on average, once every 20 to 50 years.  The longer 

duration events create prolonged inundation on the lake and drive large congregations of birds (>10,000) to 
the lake, allowing for multiple breeding cycles. 

Increased productivity during the smaller inundation events is associated with areas of the lake on the WA side 

that hold water, corresponding to small pockets including the north-western arm and central southern area of 

the lake adjacent to a small island. The predominant area of the lake with the greatest water retention time 

is the south-eastern portion of the lake (Table 5-1), although it is likely the NT side holds water for longer, and 
may therefore provide higher ecological values, particularly for waterbirds.   
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Regardless, the south-eastern extremity on the WA side of Lake Mackay is important in providing deeper, 

stable conditions for aquatic biota and waterbirds during the largest flood events. Lower salinities at the 

beginning of the hydroperiod provide a cue for aquatic biota to emerge, providing a food source for higher 

order consumers including waterbirds (boom phase). During these initial stages, water quality conditions are 

relatively homogenous, with salinities increasing as water levels recede, before drying completely  (bust 
phase). When inundated, aquatic biota (algae and aquatic invertebrates) mature and reproduce, 

replenishing the egg bank, contributing to the recovery of the lake and peripheral wetlands during the next  
flood event. 

The riparian zone of the lake, islands and peripheral wetlands host a flora assemblage characterised by 

chenopods and dominated by samphires. Tecticornia are likely to be supported by fresh and low salinity 

water associated with the vadose zone (as opposed to hypersaline groundwater). One taxon of significance 

was identified from a landform island on Lake Mackay; Tecticornia globulifera (P1), which was also a range 
extension. In addition, several Tecticornia taxa were of other significance, comprising another three range 

extensions and two affinity species (Table 5-1). These taxa were widespread within the riparian zone of the 
lake and islands and were not considered to be restricted.  

Lake Mackay is predominantly dry, however, as with all inland wetlands in the arid zone of Australia, is subject  

to a boom phase during major floods. During the largest of these events (equivalent to 1:20 or 1:50 year 

events), the ecological values of the lake are considered highest, due to reduced surface water salinities. 

The lake, islands and peripheral wetlands support a diverse and abundant array of aquatic biota and 
waterbirds, while samphires in the riparian zone also flower prolifically under these conditions. In the la st 20 

years, however, rainfall and smaller inundation events at the lake have also become more frequent, likely 

attributed to climate change, with more intensive rainfall occurring during the wet season. These events 

tend to lead to partial filling of the lake only, with resulting elevated salinities limiting ecological values, which 
often exceed the tolerance limits required for the emergence of aquatic biota. 
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Table 5-1: Summary of key findings and ecological values of Lake Mackay, the island claypan and peripheral wetlands during the Study (including the desktop review on waterbirds). 

Ecological 

Aspects 
Key Findings and/or Ecological Values Dominant Taxa 

Total 

Taxa 

Lake 

Mackay 

Taxa 

Peripheral 

Wetland 

Taxa 

Island 

Claypan 

Taxa 

Taxa of Scientific/Other Interest Taxa of Significance  

Surface 

Hydrology 

• Lake fills entirely (~2m depth) on average once 

every two to 10 years 

• Lake holds surface water longest in southeast 

portion WA, due to topographic relief 

• Saltpans similar characteristics to playa, while 

freshwater claypans differ 

• N/A • N/A • N/A • N/A • N/A • N/A • N/A 

Water Quality 

• Lake Mackay slightly acidic and hyposaline to 

mesosaline, trending alkaline and hypersaline as 

the hydroperiod progresses  

• Nutrient and metals levels relatively low and 

homogenous 

• Peripheral wetlands generally fresh, with higher 
and more variable nutrient and metals levels 

compared to the lake 

• N/A • N/A • N/A • N/A • N/A • N/A • N/A 

Sediment 

Quality 

• Lake Mackay acidic to neutral during dry 

conditions, trending moderately alkaline during 

inundation 

• Moderate to high salt loads and nutrient levels 

within Lake Mackay and peripheral wetlands, 

diluting substantially under flooded conditions 

• Metals below ANZG (2018) DGVs 

• N/A • N/A • N/A • N/A • N/A • N/A • N/A 

Algae and 

Macrophytes 

• Diatoms and blue-green algae dominant at Lake 

Mackay and peripheral wetlands, typical of 

temporary salt lakes 

• No true macrophytes recorded, though the spores 

of freshwater charophytes (large green algae) 

recorded at some peripheral wetlands 

• Hantzschia 

• Navicula 

• Nodularia 

• Phormidium 

• Amphora 

• 42 • 37 • 25 • N/A • None • N/A 

Diatoms 

• Assemblages at Lake Mackay and peripheral 
wetlands characterised by halophilic and 

aerophilic taxa, typical of inland saline waters 

• Greater diversity at freshwater claypans attributed 

to differing water quality and substrate type, 

supporting additional species reflective of these 

conditions 

• Amphora coffeaeformis 

• Hantzschia sp. aff. baltica 

• Navicula sp. aff. incertata 

• 25 • 17 • 21 • 5 • None • N/A 

Aquatic 

Invertebrates* 

• Relatively low diversity at Lake Mackay, 

generally dominated by common, halotolerant 

crustacean taxa  

• Higher diversity in the peripheral wetlands, 

comprising a resident crustacean community, 
opportunistic taxa (insects) and a single bivalve 

taxon 

• Greater variability in community composition 

between sites for peripheral wetlands compared 

to Lake Mackay, reflecting range of habitats, 

water quality and allocthonous inputs 

• Parartemia laticaudata 

• Meridiecyclops platypus 

• Branchinella 

• Ozestheria spp. 

• Triops australiensis 

• Eretes australis 

 

 

• 53 • 13 • 45 • 5 

Clam shrimp 

• Ozestheria sp. STC13 

• Ozestheria sp. STC14   

Ostracods 

• ?Ampullacypris `BOS1510  

• Bennelongia `BOS1520`  

• Billcypris n.sp. `BOS1509`  

• Heterocypris `BOS1515` 

• Ilyodromus `BOS1514`  

• Mytilocypris `BOS1521` 

• Reticypris `BOS1371`  

• Riocypris `BOS1522`  

 

 

 

 

 

• N/A 
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Ecological 

Aspects 
Key Findings and/or Ecological Values Dominant Taxa 

Total 

Taxa 

Lake 

Mackay 

Taxa 

Peripheral 

Wetland 

Taxa 

Island 

Claypan 

Taxa 

Taxa of Scientific/Other Interest Taxa of Significance  

Riparian 

Vegetation* 

• Composition dominated by chenopods 

• Assemblage typical of salt lake riparian 

vegetation 

• No declared rare flora or weeds 

Confirmed taxa 

• Tecticornia aff. calyptrata (NT 

form) 

• Frankenia cordata 

• Lawrencia viridigrisea 

• 96 • 77 • 16 • 45 

Range extensions 

• Tecticornia globulifera (P1) – 

Category A / Category B 

• Tecticornia pergranulata 

subsp. elongata – Category 

B 

• Tecticornia tenuis – 

Category B 

• Tecticornia sp. Dennys 

Crossing (K.A. Shepherd & J. 

English KS 552) –Category B 

Affinity species  

• Tecticornia aff. calyptrata 

(NT form) 

• Tecticornia aff. 

halocnemoides subsp. 

longispicata [M. Stone 

LM01.04] 

Sterile material 

• Tecticornia spp. (1-8) 

• Tecticornia globulifera (P1)  

Waterbirds 
• Lake, island formations and peripheral claypans 

provide important foraging and/or breeding 

habitat post flood 

• Banded Stilts (Cladorhynchus 

lecocephalus) 

• Black-winged Stilts (Himantopus 

himantopus) 

• Red-necked Avocets 

(Recurvirostra novaehollandiae) 

• Whiskered Tern (Chlidonias 
hybrida) and/or White-winged 

Black Tern (Chlidonias 

leucopterus) 

• Sharp-tailed Sandpiper (Calidris 

acuminata) 

• 34 • N/A • N/A • N/A • N/A 

Threatened species 

• Australian Painted Snipe 

(Rostratula australis) 

Migratory species 

• Gull-billed Tern (Gelochelidon 

nilotica) 

• White-winged Black Tern 

(Chlidonias leucopterus) 

• Glossy Ibis (Plegadis falcinellus) 

• Gull-billed Tern (Gelochelidon 

nilotica) and/or Caspian Tern 

(Hydroprogne caspia) 

• Common Greenshank (Tringa 

nebularia) 

• Red-necked Stint (Calidris 

ruficollis) 

• Sharp-tailed Sandpiper (Calidris 

acuminata) 

• Marsh Sandpiper (Tringa 

stagnatilis) 

Note: * indicates taxa diversity figures are based on consolidated datasets including previous surveys. 
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Appendix A Riparian Vegetation Site Photographs 
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Plate A-1: (A) LMD1 Q1, (B) LMD1 Q6, (C) LMD2 Q1 ,(D) LMD2 Q6 ,(E) LMD3 Q1, (F) LMD3 Q6, (G) LMD4 Q1, 
and (H) LMD4 Q6. 
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Plate A-2: (A) LMD5 Q1, (B) LMD5 Q6, (C) LMD6 Q1, (D) LMD6 Q6, (E) LMD7 Q1, (F) LMD7 Q6, (G) LMD8 Q1, 
and (H) LMD8 Q6. 
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Plate A-3: (A) LMD9 Q1, (B) LMD9 Q6, (C) LMD11 Q1, (D) LMD11 Q6, (E) LMD12 Q1, (F) LMD12 Q6, (G) LMD13 

Q1, and (H) LMD13 Q6.  
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Plate A-4: (A) LMD9 Q1, (B) LMD9 Q6, (C) LMD11 Q1, (D) LMD11 Q6, (E) LMD12 Q1, (F) LMD12 Q6, (G) LMD13 
Q1, and (H) LMD13 Q6.  
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Plate A-5: (A) LMD9 Q1, (B) LMD9 Q6, (C) LMD11 Q1, (D) LMD11 Q6, (E) LMD12 Q1, (F) LMD12 Q6, (G) LMD13 
Q1, and (H) LMD13 Q6. 
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Appendix B Rewetting Trials Water Quality Data 
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Table B-1: Summary of water quality ranges for parameters recorded in situ during the rewetting trials. 

Water Quality Parameter Lake Mackay Peripheral Wetlands 

pH (unit) 

Minimum 5.58 7.27 

Mean 7.73 7.79 

Maximum 8.67 8.13 

Standard Deviation 0.44 0.19 

Number of Records 301 156 

Electrical Conductivity (mS/cm) 

Minimum 13.66 20.20 

Mean 56.72 88.11 

Maximum 162.70 188.60 

Standard Deviation 25.12 36.65 

Number of Records 302 156 

Temperature (°C) 

Minimum 22.20 22.30 

Mean 26.98 27.95 

Maximum 34.20 35.60 

Standard Deviation 2.51 2.96 

Number of Records 302 156 
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Appendix C Resting Stage Data 
 

 



 

November 2021 │ Status: Final│ Project No. 300003312 │ Our ref: LMKA-AQ-2021 

Table C-1: Abundance and diversity of resting stages recorded from sediments (per 100 g of sieved sediment) during the Study. 

Resting Stages Taxa 

Lake Mackay Peripheral Wetlands 
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Crustacea                    

Anostraca                    

Branchinella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 73 16 17 

Parartemia sp. 0 * 0 0 0 0 0 0 0 0 0 0 * 0 0 0 0 8 0 

Ostracoda                    

red eggs 54 * 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 

white eggs 0 0 0 0 0 0 0 0 0 0 0 0 161 0 20 0 1,205 0 0 

Cladocera                    

Daphniidae spp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 56 0 33 17 

Algae                    

Charophyta                    

Chara sp. 0 0 0 0 0 0 0 0 0 0 0 0 215 0 1423 111 4,344 66 8,407 

Lamprothamnium sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 287 151 

Diversity 1 2* 0 0 0 0 0 0 0 0 0 0 3* 0 4 2 3 5 4 

Abundance 54 0 0 0 0 0 0 0 0 0 0 0 375 0 1,482 167 5,622 410 8,592 

Note: * denotes resting stages observed during rewetting trials. 
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Appendix D Previous Aquatic Invertebrate Surveys 
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Appendix E Riparian Vegetation Data Recorded 

during the Study 
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Table E-1: Summary of riparian vegetation data recorded during dry conditions from transects assessed at Lake Mackay during field survey 1 and field survey 3 of the Study. 

Riparian Vegetation Taxa 

Lake Mackay Dry 

LMD1 LMD2 LMD3 LMD4 LMD5 LMD6 LMD7 LMD8 LMD9 LMD11 LMD12 LMD13 LMD14 

D C H D C H D C H D C H D C H D C H D C H D C H D C H D C H D C H D C H D C H 

Aizoaceae 

Trianthema pilosum 5.4 4.6 2 
                                 

5.4 5.1 2 

Trianthema triquetrum 2.0 0.9 2 
                                    

Amaranthaceae 

Surreya diandra 2.0 3.4 5                5.4 5.6 5    4.7 2.9 5          1.0 0.9 5 

Asteraceae 

Angianthus tomentosus 
         

1.0 0.9 5 
                           

Chenopodiaceae 

Atriplex vesicaria 
         

4.0 6.8 2 2.0 1.5 2 
                        

Chenopodiaceae sp. 3.0 0.4 1 
      

6.7 4.6 2 
         

14.3 7.4 1 
            

2.0 3.4 2 

Eremophea spinosa 
                                       

Maireana luehmannii          1.0 0.9 2    4.7 2.3 2             1.0 0.5 4 1.0 0.1 1    

Maireana sp.          3.3 0.9 5                            

Neobassia astrocarpa 2.0 2.6 3                10.5 4.5 2    2.5 1.3 3       7.7 2.8 3    

?Neobassia sp. 
                                 

4.5 1.0 3 2.0 0.4 3 

Salsola australis 
                                 

3.0 0.4 1 
   

Sclerolaena cuneata 4.5 0.6 3 
                                    

Sclerolaena fimbriolata 
                        

7.3 3.4 5 
         

1.0 0.9 5 

Sclerolaena sp. 
                  

7.5 0.7 4 
   

6.0 0.4 4 
            

Tecticornia aff. calyptrata (NT form) 6.3 8.5 4 2.0 2.1 2 10.4 13.6 3 5.4 7.3 3 9.0 10.2 2 6.2 8.3 3 8.6 9.0 3 6.3 6.9 3 10.0 8.1 3 4.1 3.6 3 8.6 5.9 3 2.0 2.4 2 14.0 7.9 4 

Tecticornia halocnemoides subsp. longispicata 4.5 6.0 4       2.5 3.4 5    9.8 6.6 4    6.0 7.0 5    11.6 9.7 3       2.0 1.5 3 

Tecticornia indica subsp. leiostachya                                        

Tecticornia sp. sterile 1 
         

1.0 1.3 3 
                           

Tecticornia sp. sterile 2 
      

3.0 3.4 1 
                              

Tecticornia sp. sterile 3 
      

1.0 2.6 2 
                              

Tecticornia sp. sterile 4 
               

1.0 4.3 3 
   

2.0 4.7 3 
               

Tecticornia sp. sterile 5 
               

1.0 1.7 5 
                     

Tecticornia sp. sterile 6 3.5 3.8 5       2.5 5.8 5                            

Tecticornia sp. sterile 7          1.0 0.9 5                            

Euphorbiaceae 

Euphorbia wheeleri 
                                    

1.0 0.9 4 

Fabaceae 

Acacia ligulata 
   

2.5 47.5 3 
                           

9.0 68.3 2 
   

Acacia melleodora 1.0 3.4 5 
                                    

Acacia trachycarpa 1.0 5.1 4 
                                 

2.0 18.4 4 

Acacia sp.                                     1.0 8.5 4 

Frankeniaceae 
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Riparian Vegetation Taxa 

Lake Mackay Dry 

LMD1 LMD2 LMD3 LMD4 LMD5 LMD6 LMD7 LMD8 LMD9 LMD11 LMD12 LMD13 LMD14 

D C H D C H D C H D C H D C H D C H D C H D C H D C H D C H D C H D C H D C H 

Frankenia cordata 2.5 1.5 3 
   

3.0 1.3 2 2.5 6.9 2 2.0 6.8 3 
   

1.0 1.7 3 
   

1.0 1.0 1 
      

5.0 5.8 3 
   

Goodeniaceae 

Goodenia collaris                         2.0 0.6 5             

Scaevola spinescens                                  1.0 1.7 3    

Lauraceae 

Cassytha capillaris 5.4 5.1 2 
                                 

1.5 2.1 2 

Malvaceae 

Lawrencia viridigrisea 8.3 3.0 4 
   

3.0 2.6 2 
            

7.6 2.5 2 1.3 1.4 4 
   

2.3 1.0 2 
      

Myrtaceae 

Melaleuca lasiandra 1.0 7.7 4          1.5 6.0 3                         

Poaceae 

Eragrostis sp.  0.0        50.0 3.4 5                         13.2 4.9 3 

?Eragrostis falcata 2.0 0.4 2 9.8 3.8 2 10.0 3.5 2 4.3 2.7 2 9.5 4.3 2 
   

44.1 2.0 2 12.0 2.3 2 36.3 2.9 1 
   

15.5 3.1 2 20.0 6.0 1 
   

Poaceae sp. 17.3 2.0 1 18.3 2.1 1 15.5 11.5 2 10.7 2.4 3 
   

22.8 2.0 2 
   

12.1 2.1 1 7.9 2.0 1 
   

16.0 0.4 1 
      

Triodia pungens 17.4 11.4 3 
                     

1.0 90.0 2 
         

17.1 25.2 3 

Yakirra australiensis var. australiensis 
         

4.0 7.7 2 
                        

1.5 1.3 2 

Proteaceae 

Grevillea stenobotrya                                        

Santalaceae 

Exocarpos sparteus                   13.0 2.1 3    1.0 0.1 4             

Zygophyllaceae 

Roepera aurantiaca subsp. aurantiaca 
         

1.0 0.9 5 
                           

Tribulus sp. saline flats (P.K. Latz 4530) 
         

8.3 12.5 5 
         

3.0 2.6 2 
               

Tribulus terrestris 
            

1.0 0.2 4 
                        

Note: D = density; C = cover, H = health score. 
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Table D-2: Summary of riparian vegetation data recorded during dry conditions from transects assessed at peripheral wetlands during field survey 1 and field survey 3 of the Study. 

Riparian Vegetation Taxa 

Peripheral Wetlands Dry 

PWD1 PWD2 PWD3 PWD4 PWD6 PWD7 

D C H D C H D C H D C H D C H D C H 

Aizoaceae 

Trianthema pilosum 
                  

Trianthema triquetrum 
                  

Amaranthaceae 

Surreya diandra          8.0 12.8 2       

Asteraceae 

Angianthus tomentosus 
                  

Chenopodiaceae 

Atriplex vesicaria 
                  

Chenopodiaceae sp. 
                  

Eremophea spinosa 
   

5.0 0.2 3 13.0 12.1 2 
         

Maireana luehmannii       1.0 0.4 1          

Maireana sp.                   

Neobassia astrocarpa       1.0 0.4 1    2.0 0.5 2    

?Neobassia sp. 
      

2.0 0.9 3 
         

Salsola australis 
                  

Sclerolaena cuneata 
                  

Sclerolaena fimbriolata 
                  

Sclerolaena sp. 
                  

Tecticornia aff. calyptrata (NT form) 14.3 12.1 2 1.3 2.1 2 5.4 3.8 3 22.5 3.2 3 1.0 0.4 3    

Tecticornia halocnemoides subsp. longispicata                   

Tecticornia indica subsp. leiostachya             3.4 10.6 4 41.9 12.7 3 

Tecticornia sp. sterile 1 
                  

Tecticornia sp. sterile 2 
                  

Tecticornia sp. sterile 3 
                  

Tecticornia sp. sterile 4 
                  

Tecticornia sp. sterile 5 
                  

Tecticornia sp. sterile 6                   

Tecticornia sp. sterile 7                   

Euphorbiaceae 

Euphorbia wheeleri 
                  

Fabaceae 

Acacia ligulata 
                  

Acacia melleodora 
                  

Acacia trachycarpa 
                  

Acacia sp.    3.0 80.0 4             

Frankeniaceae 
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Riparian Vegetation Taxa 

Peripheral Wetlands Dry 

PWD1 PWD2 PWD3 PWD4 PWD6 PWD7 

D C H D C H D C H D C H D C H D C H 

Frankenia cordata 
   

1.0 1.7 2 
   

1.0 0.4 2 
      

Goodeniaceae 

Goodenia collaris                   

Scaevola spinescens                   

Lauraceae 

Cassytha capillaris 
                  

Malvaceae 

Lawrencia viridigrisea 1.0 2.1 3 
         

4.0 0.3 2 
   

Myrtaceae 

Melaleuca lasiandra    1.0 10.0 4             

Poaceae 

Eragrostis sp.                13.2 9.0 1 

?Eragrostis falcata 25.0 2.1 4 13.0 34.8 2 12.7 3.0 1 5.0 2.6 3 
      

Poaceae sp. 2.0 0.2 1 7.0 13.7 1 14.0 3.0 1 
   

35.5 2.0 1 
   

Triodia pungens 
         

8.5 9.2 2 
      

Yakirra australiensis var. australiensis 
                  

Proteaceae 

Grevillea stenobotrya    1.5 12.5 2             

Santalaceae 

Exocarpos sparteus                   

Zygophyllaceae 

Roepera aurantiaca subsp. aurantiaca 
                  

Tribulus sp. saline flats (P.K. Latz 4530) 
                  

Tribulus terrestris 
                  

Note: D = density; C = cover, H = health score. 
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Appendix F Consolidated Riparian Vegetation 

Species List 
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Table F-1: Riparian flora species recorded from Lake Mackay between 2017 and 2021 (including consolidated 
and targeted flora dataset).  

Riparian Vegetation Taxa ecologia 
360 

Environmental 
Stratagen 

Stantec/ 

Agrimin 

Aizoaceae     

Trianthema pilosum    11 

Trianthema triquetrum  1  1 

Amaranthaceae     

Surreya diandra 12  6 16 

Araliaceae     

Trachymene glaucifolia 1    

Asteraceae     

Angianthus cyathifer 5    

Angianthus tomentosus  2  1 

?Asteraceae sp. 2    

Brachyscome ciliaris 1    

Calocephalus platycephalus (P1) 11    

Pluchea ferdinandi-muelleri 1 1   

Pluchea rubelliflora  2   

Boraginaceae     

Heliotropium ammophilum  (P1)  1   

Brassicaceae     

Brassicaceae sp. 1    

Celastraceae     

Stackhousia clementii  (P3) 4    

Stackhousia sp. Lake Mackay (P.K Latz 

12870) 
  2  

Chenopodiaceae     

Atriplex vesicaria 1   7 

Chenopodiaceae sp.    9 

Dysphania plantaginella    1 

Dysphania simulans  1   

Dysphania sphaerosperma  3   

Eremophea spinosa 2   7 

Maireana luehmannii  18 14 1 8 

Maireana sp.    3 

Neobassia astrocarpa 2   12 

?Neobassia sp.    8 

Salsola australis 1 1  1 

Sclerolaena clelandii  1 2   

Sclerolaena crenata 2 1   

Sclerolaena cuneata    2 

Sclerolaena fimbriolata 5   5 

Sclerolaena sp.    6 

Tecticornia aff. calyptrata (NT form) 15 13 3 129 
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Riparian Vegetation Taxa ecologia 
360 

Environmental 
Stratagen 

Stantec/ 

Agrimin 

Tecticornia sp. Dennys Crossing (K.A. 

Shepherd & J. English KS 552) 
 2   

Tecticornia aff. halocnemoides subsp. 

longispicata 
  2  

Tecticornia globulifera 2 1   

Tecticornia halocnemoides  2   

Tecticornia halocnemoides subsp. 

longispicata 
9 1  57 

Tecticornia indica subsp. leiostachya 3 3  16 

Tecticornia pergranulata subsp. elongata  4   

Tecticornia tenuis  1   

Tecticornia sp. sterile 1    1 

Tecticornia sp. sterile 2    1 

Tecticornia sp. sterile 3    1 

Tecticornia sp. sterile 4    2 

Tecticornia sp. sterile 5    2 

Tecticornia sp. sterile 6    6 

Tecticornia sp. sterile 7    3 

Tecticornia sp. sterile 8  1   

Cyperaceae     

Bulbostylis barbata 3 2   

Cyperus bulbosus  5   

Cyperus squarrosus  1   

Euphorbiaceae     

Euphorbia drummondii   2   

Euphorbia wheeleri    1 

Fabaceae     

Acacia ligulata 1 1  3 

Acacia sp. Lake Mackay (P.K. Latz 12836)    1 

Acacia melleodora    2 

Acacia trachycarpa    4 

Acacia sp.    2 

Swainsona cyclocarpa 4 1   

Frankeniaceae     

Frankenia cordata 9 3  20 

Goodeniaceae     

Goodenia collaris    3 

Goodenia maideniana 2  2  

Scaevola collaris 13 5 8  

Scaevola spinescens 1 1  1 

Lamiaceae     

Dicrastylis doranii   1   

Lauraceae     

Cassytha capillaris 2 1  9 
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Riparian Vegetation Taxa ecologia 
360 

Environmental 
Stratagen 

Stantec/ 

Agrimin 

Malvaceae     

Lawrencia glomerata 7    

Lawrencia squamata   1  

Lawrencia viridigrisea  6  26 

Lawrencia aff. viridigrisea    1 

Lawrencia sp.    1 

Montiaceae     

Calandrinia pleiopetala 1    

Myrtaceae     

Melaleuca lasiandra    4 

Poaceae     

Aristida holathera 3 3   

Eragrostis eriopoda 1    

Eragrostis falcata 26 18   

?Eragrostis falcata    61 

Eragrostis lacunaria    1 

Eragrostis sp.   8 13 

Eriachne aristidea    1 

Paractaenum refractum    1 

Poaceae sp.    61 

Triodia pungens 2 1  30 

Triodia ?pungens    2 

Triodia salina 5 1   

Yakirra australiensis var. australiensis    3 

Portulacaceae     

Portulaca decipiens    1 

Proteaceae     

Grevillea stenobotrya    2 

Rubiaceae     

Synaptantha tillaeacea var. hispidula 1 1   

Santalaceae     

Exocarpos sparteus    5 

Scrophulariaceae     

Eremophila spinescens  1   

Zygophyllaceae     

Roepera aurantiaca subsp. aurantiaca    1 

Roepera compressa 3 2   

Roepera sp.    1 

Tribulus sp. saline flats (P.K. Latz 4530)    10 

*Tribulus terrestris    1 

Diversity 38 39 9 56 

Number of Records 183 113 33 588 

Note: Orange highlighted taxa indicate taxa of significance or other significance. 
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Appendix G Location of Common Tecticornia 

Species 
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Figure G-1: Location map of common Tecticornia taxa collected at Lake Mackay, 2017-2021. 
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