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Executive Summary 

 

Mega Lake Maitland Pty Ltd commissioned Outback Ecology to undertake an aquatic baseline assessment 

of the Lake Maitland Uranium Project (LMUP) area.  Two surveys were conducted, in May 2007 and 

December 2008, both during dry conditions.  This report provides a summary of work conducted by 

Outback Ecology during both surveys.  Specific objectives were to:  

 Analyse the physico-chemical characteristics (sediment chemistry) of the lake sediments; 

 Identify the aquatic biota present in the benthic microbial communities (BMCs) and within the 

dormant propagule bank (through field surveys and laboratory re-wetting trials); 

 Establish the ecological traits of the aquatic biota where possible, through laboratory re-wetting 

trials; 

 Examine the cryptogamic crusts associated with riparian vegetation zone; and 

 Determine the local and regional significance of the lake, in relation to its ecology. 

 

Sediment samples were collected from 17 sites (comprising a range of habitats) for chemical analysis, and 

for the examination of biological communities within the lake bed and surrounding riparian zone.  Sites 

were separated into three categories based on their location, which included the North-West Arm, the Main 

Lake (Resource) and the Southern Area. 

 

Sediment properties are primarily driven by changes in the hydrocycle, with groundwater interaction also 

having a strong influence on hydrogeochemistry.  During the May 2007 and December 2008 surveys, the 

Lake Maitland sediments were alkaline, and exhibited fluctuations in ionic composition linked to local 

geological characteristics.  Higher concentrations of uranium occurred within the Main Lake (as expected), 

while salinity was greatest in the Southern Area, reflecting drainage patterns.  Salts, nutrients and metals 

were low in comparison to other lakes in the Carey Palaeodrainage system. 

 

A total of seven diatom taxa were identified from the sediment analysis and re-wetting trials, comprising 

common salt tolerant genera (including Hantzschia, Luticola and Navicula representatives).  The most 

dominant species are typically associated with eroded habitats, and are known to occur in moist, exposed 

environments.  The Southern Area of the lake supported a higher number of diatoms, and their productivity 

increased during repeated re-wetting in the laboratory, with conditions becoming more conducive to 

colonisation. 

 

From the assessment of the dormant propagule bank and re-wetting trials, a range of macrophytes and 

crustaceans were recorded, predominantly from the Main Lake and Southern Area.  Two charophytes 

(Lamprothamnium sp. and Nitella sp.), and one flowering plant (Ruppia sp.) were recorded, along with five 

crustaceans, including two anostracans (Branchinella simplex and Parartemia laticaudata), one 

conchostracan (Eocyzicus parooensis) and two ostracods (Repandocypris austinensis and a previously 

undescribed taxon, “Dragoncypris outbacki gen. nov. sp. nov.”).  Additional investigation found that the new 



 

   

 

 

ostracod species had a broad distribution in the surrounding lakes and claypans within the Carey 

Palaeodrainage. 

 

The collection and re-hydration of cryptogamic crusts from the riparian vegetation zone (mainly Lawrencia 

helmsii or Tecticornia spp. plants) identified a range of common cyanobacteria and two bryophyte taxa.  

These crusts play an important role in sediment stabilisation and water retention in arid environments. 

 

The resident biota of Lake Maitland are characteristic of many inland lakes in Western Australia, and 

consists of salt tolerant algae, macrophytes and invertebrates.  The biota are also known to occur more 

widely in the region, having been recorded from Lake Carey, Lake Miranda and Lake Way.  This reflects 

dispersal along the Carey Palaeochannel, via waterbirds and through the connectivity of habitat that occurs 

during large floods. 

 

Hydrogeological processes and morphological characteristics have a strong influence on the biota of Lake 

Maitland.  The taxa found can withstand elevated salinities and exhibit short lifecycles; adaptations which 

allow them to survive in temporary aquatic environments.  The majority of the productivity appears to be 

confined to the Southern Area, where water appears to be held for longer periods following substantial 

rainfall.  Elevated sites in the North-West Arm were relatively devoid of biota by comparison, likely 

associated with poor sediment structure.   

 

While none of the biota identified are listed as rare or threatened, and all were shown to have a widespread 

regional distribution, there are a number of potential impacts that may occur from the development of the 

LMUP.  These impacts are primarily related to changes in the surface and groundwater hydrology of the 

lake, influencing the residence time of water during filling events.  There is also the potential for 

contamination of lake sediments from proposed mining operations.  

 

Potential impacts from the LMUP may affect the resilience of the propagule bank and the ability of the 

aquatic biota to re-colonise the area following a substantial flood.  Changes in the hydrogeochemistry of 

the sediments or surface waters may also induce shifts in species composition, dependent on the level of 

impact.   

 

As the Southern Area supports the highest diversity of aquatic biota, it is important that the ecological 

values in this part of the lake are maintained, in line with the current proposal for the LMUP.  The results of 

this baseline aquatic assessment of Lake Maitland should aid in the development of future management 

and monitoring strategies.  Further sampling during a large flood event would also provide beneficial 

information on the diversity and productivity of the lake throughout the filling and drying phases. 
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1. INTRODUCTION 

1.1 Project Background 

Mega Lake Maitland Pty Ltd (Mega Lake Maitland) proposes to develop the Lake Maitland Uranium 

Project (LMUP) in the eastern Goldfields region of Western Australia.  The LMUP is located 

approximately 95 km north-east of Leinster and 105 km south-east of Wiluna (Figure 1).  Access to the 

site from Wiluna is via the Barwidgee-Yandal road or from Leinster via the private access road to the 

Bronzewing Gold Mine.  The land surrounding the LMUP has a history of pastoral, indigenous, and 

mining uses. 

 

The proposed LMUP consists of a shallow open cut uranium mine, mineral processing facility, 

accommodation village, borefield and pipeline, external and internal roads, diesel powered electricity 

generation plant and waste management facilities (Figure 2).  The LMUP will produce uranium peroxide 

concentrate (UO4.2H2O), which will be transported to a designated uranium export facility in either South 

Australia or the Northern Territory.  The current projected life of mine for uranium mining and production 

is 12 years, with the potential to extend operations dependent on resource availability and future 

approvals with the relevant statutory authorities. 

 

At a state level, the Environmental Protection Authority (EPA) set the level of assessment for the LMUP 

as an Environmental Review and Management Programme (ERMP).  Federally, the Department of 

Sustainability, Environment, Water, Population and Communities (DSEWPC) determined that the 

proposal is a controlled action under the Environment Protection and Biodiversity Conservation Act 

1999 (EPBC Act).  This means it will be assessed under the bilateral agreement between the 

Commonwealth and the Western Australia State Government. 

 

As part of baseline studies for the LMUP, Mega Lake Maitland commissioned Outback Ecology to 

undertake a suite of baseline studies to investigate the ecology and potential environmental risk posed 

by the project.  This report is one component of those studies, investigating the aquatic ecology of Lake 

Maitland. 

 

1.2 Scope and Objectives 

The aquatic baseline assessment was designed to address the principle of ‘Best Practice’ as stated in 

the Environmental Protection Authority’s (EPA) Guidance Statement No. 55 (EPA 2003a).  Through the 

environmental approvals process, proponents are required to demonstrate ‘Best Practice’, and that 

potential impacts on the environment are acceptable, to conserve biological diversity and ecological 

integrity.   

 

The aim of the assessment was to gather sufficient baseline data to gain an adequate understanding of 

the lake ecology during dry conditions, applicable to future monitoring and management strategies.  This 

report provides a summary of work conducted by Outback Ecology at Lake Maitland during May 2007 

and December 2008.   
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Specific objectives were to:  

 Analyse the physico-chemical characteristics (sediment chemistry) of the lake sediments; 

 Identify the aquatic biota present in the benthic microbial communities (BMCs) and within the 

dormant propagule bank (through field surveys and laboratory re-wetting trials); 

 Establish the ecological traits of the aquatic biota where possible, through laboratory re-wetting 

trials; 

 Examine the cryptogamic crusts associated with riparian vegetation zone; and 

 Determine the local and regional significance of the lake, in relation to its ecology. 

 

 

Figure 1:  Location of the LMUP tenements in the northern Goldfields of Western Australia. 
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Figure 2:  Proposed layout (mine operations) of the LMUP on tenement M53/1089. 
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2. EXISTING ENVIRONMENT 

2.1 Biogeographic Region and Land Use 

The Interim Biogeographic Regionalisation for Australia (IBRA) is a bioregional framework that divides 

Australia into 85 bioregions and 403 subregions on the basis of climate, geology, landforms, vegetation 

and fauna.  It was developed through collaboration between state and territory conservation agencies 

with coordination by the Department of Sustainability Environment Water Population and Communities 

(Department of Sustainability Environment Water Population and Communities 2010). 

 

The LMUP is located within the Eastern Murchison (MUR1) subregion of the Murchison Bioregion, 

which covers an area of 7,847,996 ha (Figure 3).  This subregion consists of extensive areas of 

elevated red/red-brown desert sandplains with minimal dune development, breakaway complexes and 

internal drainage and salt lake systems associated with the occluded Palaeodrainage system.  Mulga 

woodlands dominate the subregion, as well as hummock grasslands, saltbush and samphire shrublands 

(Cowan 2001).  Halophytic shrublands (mainly comprising Tecticornia) occur adjacent to salt lake 

systems (Pringle et al. 1994). 

 

 

Figure 3:  Location of the LMUP within the Eastern Murchison (MUR1) subregion. 
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Land use within the Eastern Murchison subregion comprises of grazing, mining, customary indigenous 

purposes, unallocated crown land (UCL), crown and conservation reserves.  Grazing of stock on 

pastoral leases is the dominant land use in the subregion, with the area also having an extensive history 

of mining activity and associated disturbance (Cowan 2001, NLWRA 2002). 

 

2.2 Climate 

The Murchison Bioregion is characterised as having an arid climate, with hot summers and cool winters.  

Summer weather is influenced by anti-cyclonic systems to the south-east, creating a pattern of clear 

skies and easterly winds.  The region borders the southern end of the Intertropic Convergence Zone 

and, as a result, thunderstorm activity and summer rainfall is generated.  The anti-cyclonic system also 

directly influences winter weather patterns, generating westerly winds and rain-bearing frontal systems 

(Gilligan 1994). 

 

The average annual rainfall from the Wonganoo Weather Station (located approximately 25 km to the 

east of the LMUP) is approximately 225 mm.  The majority of rainfall occurs between January and June 

(Figure 4), resulting from summer cyclonic rains and isolated thunderstorms.  Maximum temperatures in 

summer often exceed 40 °C, in comparison to winter, where temperatures average approximately 

20 °C.  Evaporation rates are high, exceeding 3,000 mm per annum (BOM 2011). 

 

 

Figure 4:  Long-term average monthly rainfall for Wonganoo Weather Station, compared to the 

minimum and maximum temperatures recorded for the Wiluna Weather Station (BOM 2011).  

0

5

10

15

20

25

30

35

40

0

5

10

15

20

25

30

35

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

M
e

an
 T

e
m

p
e

ra
tu

re
 (
 C

)

M
e

an
 R

ai
n

fa
ll 

(m
m

)

Month

Rainfall Min Temp Max Temp



Mega Lake Maitland Pty Ltd                                                                 Baseline Aquatic Assessment 

6 

 

2.3 Topography and Surface Hydrology 

Lake Maitland is a modern saline remnant of a previously freshwater system that has become saline in 

response to the long term drying of the Australian climate.  The area of the LMUP is within the existing 

playa of Lake Maitland, which exhibits extremely low topographical relief.  The catchment watershed 

upstream of the LMUP has an overall area of approximately 15,000 km
2
 and extends 115 km north-west 

of Wiluna.  Lake Maitland is part of the Carey Palaeodrainage, which is poorly defined and dominated 

by several large, saline playa systems including Lake Way and Lake Carey. 

 

Drainage is internal and existing streams flow only intermittently following intense rainfall.  Flow 

channels vary in alignment over time, as a result of the low surface gradients and limited vegetative 

cover.  Lake Maitland contains a number of depressions that can hold water for extended periods after 

heavy rainfall.  However, filling events are rare and anecdotal evidence suggests the last substantial 

inundation event occurred following Cyclone Bobby in March 1995 (Golder Associates unpublished 

data). 

 

Claypans are common throughout the region, including along the periphery of Lake Maitland.  Some 

may host surface water for several months of the year.  These semi-permanent water bodies provide 

important habitat for biota, including migratory birds, and are culturally significant (Golder Associates 

unpublished data). 

 

2.4 Geology and Mineralisation 

The LMUP is located within the northern part of the Archaean Yilgarn Craton of Western Australia.  The 

basement rocks in the local area are part of the Yandal greenstone belt, and mostly consist of mafic 

igneous rocks, granites and quartzofeldspathic gneiss.  Felsic volcanic and volcaniclastic rocks and 

sedimentary rocks are located to the north and south of the LMUP (Golder Associates unpublished 

data).   

 

Uranium mineralisation at Lake Maitland occurs predominantly as carnotite, primarily hosted within 

nodular carbonates, lacustrine clays and fluvial sands in low-lying areas.  These sediments are of early 

Tertiary (basal units) to Quaternary (surficial units) age.  The carnotite is generally disseminated within 

the lacustrine clays and sands and occurs within voids and fractures in the carbonates.  Mineralisation 

arose after the erosion and precipitation of Archaean granitic and greenstone rocks in the catchment, as 

transporting fluids became concentrated through evaporation (Golder Associates unpublished data). 

 

2.5 Groundwater Hydrology 

Groundwater at Lake Maitland typically occurs within one metre of the surface and the uranium deposit 

is shallow (five to six metres deep).  The deposit is located within the main palaeodrainage running from 

north-west to south-east.  The underlying palaeochannel is approximately 60 m below the surface.  The 

deposit and the palaeochannel sands are separated by a thick, semi-confining layer of clay; with low 

hydraulic gradients and conductivities (Golder unpublished data).   
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Calcrete deposits occur at various locations in the palaeodrainage system and flank the playa, having 

formed in past freshwater systems on the periphery of the lake.  They have been subject to weathering 

and in places are karstic, hosting voids.  The surficial calcrete deposits and the deeper palaeochannel 

sands form long and continuous aquifers.  While most of the intervening fine-grained sedimentary 

sequence is regarded as an aquitard (impermeable), there may be local zones of higher permeability 

within it (Golder unpublished data). 

 

Groundwater comprises of dense brines in low-lying areas with salinities in the main trunk of the 

palaeochannel ranging from 100,000 mg/L to 250,000 mg/L.  Discharge mainly occurs by evaporation, 

with only a very small portion of the groundwater flowing out of the area through the palaeochannel 

aquifer.  Salinity in the calcrete aquifers varies depending on proximity to the playa, ranging from less 

than 5,000 mg/L, to over 100,000 mg/L (Golder unpublished data). 

 

2.6 Previous Studies 

While other lakes in the Carey Palaeochannel have been relatively well-studied, including Lake Way 

(located at the headwaters) and Lake Carey (to the south) (Beavis 1999, John 1999, Timms et al. 2006, 

Toro Energy Limited July 2011), information on the aquatic biota of Lake Maitland is limited.  The only 

known work on Lake Maitland to date has been conducted by Outback Ecology, during dry conditions.  

Therefore this report provides an important contribution to the investigation on the ecology of the lake, in 

relation to the likely productivity of the system during flood. 
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3. METHODS 

3.1 Survey Design and Site Selection 

An integrated sampling program was developed for Lake Maitland which included an assessment of the 

abiotic (physico-chemical) and biotic components of the ecosystem.  In line with the EPA’s Guidance 

Statement No. 55 (EPA 2003b) and following the ANZECC Guidelines (ANZECC 2000), the methods 

chosen were relevant for temporary systems.   

 

The field work for the sampling program was undertaken by Dr Veronica Campagna and Dr Fiona 

Taukulis from Outback Ecology.  Two surveys were completed, one in May 2007, with the second in 

December 2008.  Prior to sampling, a fauna collection permit (Fauna Licence No. SF006730) was 

obtained from the Department of Environment and Conservation (DEC), and the accompanying reports 

submitted on completion of the program.  

 

A total of seventeen sites were established on Lake Maitland (Figure 5), each of which was sampled 

twice.  The sites were located in the resource area (impact zone), and in parts of the lake unlikely to 

receive any direct impact from proposed mining.  Sites were classified according to three different lake 

areas which included the North-West Arm, the Main Lake (Resource) and the Southern Area (Table 1).  

A range of different habitat types were sampled including claypans, floodplain, channels and playa 

(Plate 1).   

 

As the lake was dry during both surveys, sampling focussed on the benthos (lake bed).  Observations 

on the condition of each site were noted and photographs taken for future reference (Appendix A; 

Plates 4 to 12).  The following samples were collected: 

 Sediments for chemical analysis; 

 Cores for the assessment of diatoms within the benthic microbial communities (BMCs); 

 Sediments for the examination of the dormant propagule bank (resting stages) and for re-

wetting trials; and 

 Cryptogamic crusts from the riparian zone (where present). 

 



Mega Lake Maitland Pty Ltd                                                                 Baseline Aquatic Assessment 

9 

 

 

Figure 5:  Location of the Lake Maitland aquatic baseline sites, sampled in May 2007 and 

December 2008 (sites are separated into North-West Arm, Main Lake and Southern Area). 

  

North-West Arm

Main Lake 

(Resource)

Southern Area
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Table 1:  Descriptive summary of the Lake Maitland aquatic baseline sites, sampled in May 2007 

and December 2008 (sites are separated into North-West Arm, Main Lake and Southern Area). 

Easting Northing

Surface dominated by halophyte flats, 1-3 m of gypsiferous sand (30% clay content).  

Beneath the gypsum layer are dark brown/black silts with clay which become hard set.

RLM1 309076 6997451 Claypan
Claypan adjacent to floodplain. Lake sediment dry and cracked, with no obvious evaporite crust. 

Surrounded by chenopods. 

RLM2 307498 6996995 Floodplain
Located within a floodplain close to a fenceline, covered in Tecticornia sp. growing over dry clay 

sediment. Evaporites  in depressions, sediment hard set, cryptogams present.

RLM3 307322 6997597 Claypan
Small claypan formed within soft, sandy clay sediment, although dry and cracked  places. Area is 

badly degraded by cattle. Appears to have been weathered down to clay layer.  Located within 

modelled surface water drainage path.

RLM4 310946 6996806 Claypan
Small claypan within gypsum dune formation leading down to eastern margin of the lake. Cryptogamic 

crusts observed with patchy distribution amongst vegetation. Surrounded by various chenopods and 

grasses. Extremely dry area, highly degraded by livestock.

Upper surface layer comprised of gypsiferous sand or silt, with clay layer beneath. Major aquifer 

contained within hard clay layer below silt, in close proximity to lake surface. 

RLM16 311401 6993382 Playa
Playa site with cohesive sandy clay sediment on the lake bed, signs of gysum crystallisation.   

Speckled evaporitic crust. Swans nests noted in surrounding dunes.  Located within the resource 

area.

RLM17 311352 6993209 Playa
Part of main embayment site south of site RLM16, opens onto a channel.  Sediment is sandy clay, 

and ploughed (gypsum crystallisation).  Speckled salt crust present, increasing evaporites toward 

central area.  Within the resource.

South of the main lake area, irregular shorelines, transverse dunes (lunettes), aeolian deflation 

producing numerous gypsum islands colonised by samphires. Potential for thin freshwater lense to 

form beneath vegetation.

RLM5 312981 6988298 Floodplain
Floodplain area covered in Tecticornia  plants showing some scenescence. Flanked by lunettes along 

the eastern margin and gypsum islands to the west. Evaporites accumulating in depressions. 

Cryptogams amongst vegetation growing along fenceline. 

RLM6 311637 6988355 Evaporite pan
Small pan, with alluvial deposits. Sandy clay sediment with gypsum evaporites. Surrounded by 

Tecticornia  plants in poor health. Near Kopi dune system.

RLM7 310915 6988443 Evaporite pan
Ploughed field topography from gypsum crystallisation, below moist sandy clay.  Surrounded by 

gypsum lunettes.  Death of juvenile Tecticornia  plants on the lake bed. Kopi dunes nearby.

RLM8 310951 6988726 Evaporite pan
Evaporite pan east of RLM7, flanked by lunettes. Hard, dry lake bed with moist layer below. Small inlet 

enters to the west. Sandy sediment with some clay present. Kopi dunes close by.  

RLM9 310407 6987737 Playa
Playa site located close to a fenceline enclosed by a lunette. Hard, sandy clay surface with a speckled 

halite crust overlying clay. Surrounded by stresssed Tecticornia  plants interspersed with cryptogamic 

crusts. 

RLM10 310574 6987645 Channel
Transition zone between evaporite basins and halophyte covered dunes. Swans nests scattered on 

elevated ground surrounding the channel. Coxiella shells present along shore. Cryptogamic crusts 

amongst riparian vegetation.

RLM11 310393 6987582 Channel 
Located on narrow evaporite channel enclosed by vegetated gypsum dunes. Moist sandy clay 

sediments. Many swans nests scattered throughout the area on elevated dunes. Coxiella  shells 

located on the shore of the lake bed.

RLM12 309480 6988382 Playa
Evaporites present on larger section of playa. Ploughed field topography indicating gypsum 

crystallisation (moist below). Area likely to retain surface water water for longer during flood, due to 

shallow water table in this part of the lake. 

RLM13 309614 6988523 Playa
Playa site similar to site RLM12. Lake bed has hard, ploughed surface, with speckled salt crust over 

moist, sandy clay sediments. Surrounded by low-lying dunes covered in Tecticornia .

RLM14 309763 6988131 Playa
Playa (potential groundwater discharge point), where evaporites accumulate (with ploughed field 

topography). Flanked by lunettes supporting halophytic vegetation, showing signs of stress closest to 

the playa.

RLM15 309899 6988016 Channel
South of RLM14 and channel section of the lake. Soils are sandy clay with some fine gypsum present 

and speckled salt crust. Higher clay content observed in the channel centre.  Extremely hard, dry, 

ploughed crust, with high moisture content below surface. 

Main Lake (Resource)

Southern Area 

GPS Coordinates                                 
(UTM GDA94: 51 J)

Site Site DescriptionHabitat Type

North-West Arm
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Plate 1:  Examples of the different habitat types from sites sampled at Lake Maitland including 

(a) RLM1 claypan (North-West Arm), (b) floodplain RLM5 (Southern Area), (c) evaporite pan 

RLM7 (Southern Area), and (d) playa RLM17 (Main Lake).  

 

3.2 Sediment Chemistry 

The top two centimetres of lake sediments was collected at each site using sterile glass jars.  Following 

collection the jars were sealed and kept cool prior to transport to the Australian Laboratory Group (ALS), 

Malaga, a NATA-accredited laboratory, for chemical analyses (Table 2).  Samples jars were provided by 

ALS.  The majority of metals and metalloids were analysed by the ICP-AES method (inductively coupled 

plasma-atomic emission spectrometry).  Analysis of Te, U, Ta and Th occurred by ICP-MS (inductively 

coupled mass spectrometry).  Sediment data was compared to the ANZECC interim sediment quality 

guideline values (ISQG-High) (Appendix B), which provide information on the potential toxicity of 

metals to aquatic biota (ANZECC 2000, Batley et al. 2003).  

(a)

(c) (d)

(b)
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Table 2:  Analytical suite of parameters for the Lake Maitland sediments. 

 

 

3.2.1 Statistical Analysis 

Principal components analysis (PCA) was used for the multivariate analysis of sediment chemistry data 

for Lake Maitland.  This technique was performed in the statistical package PRIMER, Version 6.0.  PCA 

is used as an explanatory tool and was applied to the May 2007 and December 2008 data.  For values 

recorded as below detection (the limit of reporting), a value equal to half the limit of reporting was used.  

Where necessary, parameters were transformed to reduce skewness (ensuring the data was normally 

distributed) and collinear variables (those that have a linear relationship) were removed.   

 

The results of the PCA are shown in the form of a plot, on which sites with similar sediment chemistry 

are located close together, and those that are different are located further apart.  Vectors are also 

indicated, which radiate from the centre of the plot and represent the influence of each parameter.  The 

concentration of the parameter follows the direction of the vector, with higher concentrations tending to 

occur at sites situated near the vector endpoint.  The percentage variance is a value used to explain the 

strength of the PCA and is presented over the first two axes of the plot, with a value which exceeds 

60 % considered a useful interpretation of the results (Clarke and Warwick 2001).    

Basic Parameters and Nutrients Anions and Cations

pH Chloride (Cl) Aluminium (Al) Nickel (Ni)

Electrical Conductivity (EC) Sulphate (SO4) Antimony (Sb) Selenium (Se)

Total Soluble Salts (TSS) Bicarbonate (HCO3) Arsenic (As) Silica (Si)

Moisture Content (MC) Carbonate (CO3) Barium (Ba) Silver (Ag)

Nitrite (NO2) Sodium (Na) Boron (B) Strontium (Sr)

Nitrate (NO3) Magnesium (Mg) Cadmium (Cd) Tellurium (Te)

Nitrite and Nitrate (NOx) Calcium (Ca) Chromium (Cr) Thallium (Tl)

Total Nitrogen (TN) Potassium (K) Cobalt (Co) Thorium (Th)

Total Phosphorus (TP) Copper (Cu) Tin (Sn)

Total Organic Carbon (TOC) Iron (Fe) Tungsten (W)

Lead (Pb) Uranium (U)

Manganese (Mn) WAD Cyanide (WAD CN)

Mercury (Hg) Zinc (Zn)

Metals/Metalloids/Trace Elements
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3.3 Diatoms 

A core sample of the lake sediments was collected from each site and examined to identify diatom 

assemblages within the benthic microbial communities (BMCs).  A 70 mL vial was inserted into the 

sediments and the intact core removed.  Samples were frozen to preserve diatom frustule structure.  On 

return to the laboratory, a small portion of each core was digested using 70 % nitric acid to remove the 

organic material.  Permanent slides of diatoms were prepared according to John (1983).  Three 

replicate slides were made for each site and diatom enumeration was performed at 1000X magnification 

using a compound microscope.  A maximum of 100 diatoms were counted from each site, although in 

sparse samples the total area of all three slides was examined.  The overall abundance and diversity of 

taxa was recorded with identification based on relevant literature.   

 

Diatoms were also recorded during re-wetting trials conducted in the laboratory (Section 3.5.2).  A small 

amount of surface sediment was collected from the samples set up for the trials.  These samples were 

then digested, and mounted on slides following the above procedure.  Identification was carried out to 

the lowest possible taxonomic level. 

 

3.4 Dormant Propagule Bank 

In the absence of surface water the biotic assessment of temporary aquatic systems relies on the 

presence of a dormant propagule bank (dormant eggs, spores and seeds, also referred to as resting 

stages).  Analyses involve the examination of dried lake sediment for resting stages and re-wetting of 

the sediments in the laboratory (to mimic flooding).   

 

3.4.1 Resting Stages 

Surface sediment samples (up to three centimetres) were collected from areas identified as deposition 

zones, generally within five metres from the lake shore, considered biologically active.  Two surface 

scrapings (25 x 25 cm) were taken from each site and placed in calico bags, to account for spatial 

variability.  Sampling was selective with defining features targeted, for example the presence of 

microbial mats or signs of water demarcation.  The samples were oven dried at 40 ºC to ensure all 

stages had entered dormancy, to assist in faster re-activation.   

 

Once in the laboratory, the samples were washed through stacked Endecott brass sieves (500 µm, 

200 µm and 53 µm).  The material collected in each sieve was oven dried again and stored in plastic 

specimen vials.  Sub-samples of the sieved sediment was examined for the presence of algal, plant and 

invertebrate resting stages using a Leica MZ6 stereomicroscope, at high magnification (X64).  Intact 

propagules (eggs, spores and seeds) were recorded and the abundance was calculated per 100 g of 

sieved sediment. 
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3.4.2 Re-wetting Trials 

Re-wetting trials were conducted following techniques described in Campagna (Campagna 2007) 

(2007b).  This technique has proven to be an effective tool in assessing the resilience of wetlands 

(Brock 1998), and can be used to investigate ecological traits of aquatic biota (habitat preferences).   

 

Deionised water (500 mL) was added to sub-samples (200 g) of un-sieved, dried sediment from Lake 

Maitland, which were left to settle in rectangular, plastic, containers.  The water-sediment mixtures were 

placed under artificial lights with a 12 hour day/night cycle.  Basic water quality parameters (salinity, pH, 

and temperature) were measured with portable water quality meters.  Initial measurements were taken 

within 24 hrs after the experimental set up, then subsequently three times a week.  Samples were 

maintained under these conditions for up to eight weeks. 

 

Samples were topped up as required with additional deionised water to compensate for evaporation.  

After eight weeks the sediments were air dried and then re-wet.  This cycle of hydration and drying was 

repeated twice, to account for taxa that exhibit delayed hatching and the emergent biota were recorded 

to species (dependent on maturity levels).   

 

3.4.3 “Dragoncypris outbacki” Re-wetting Trials 

A previously undescribed ostracod taxon (“Dragoncypris outbacki gen. nov. sp. nov.”) hatched during 

the re-wetting trials.  In order to investigate the distribution of this taxon, additional re-wetting trials were 

undertaken using sediments collected from lakes in the Carey Palaeodrainage (including Lake Way, 

Lake Miranda and Lake Carey).  Sediment collected from a small claypan of the western side of Lake 

Maitland was also subject to re-wetting.  All sediment samples were sourced from Outback Ecology’s 

extensive reference collection on lakes from the northern Goldfields (collected between 2001 and 2008).   

 

Fourteen samples were selected for re-wetting (Table 3), from which ostracods eggs had previously 

been identified.  The methods employed followed those outlined above.  After eight weeks, ostracods 

were removed and preserved with 100 % undenatured ethanol and vouchered for identification.  

Specialist taxonomic resolution of the specimens was undertaken by Dr Ivana Karanovic (University of 

Hamburg) and Dr Stuart Halse (Bennelongia Environmental Consulting). 
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Table 3:  Location of sites within the Carey Palaeodrainage from which additional re-wetting 

trials were undertaken to hatch “Dragoncypris outbacki”.   

 

 

3.5 Cryptogamic Crusts 

In May 2007, cryptogamic crusts (also known as biological soil crusts) were collected from the riparian 

vegetation zone adjacent to a number of sites at Lake Maitland.  The structure of each cryptogamic 

crust was recorded in the field (as either smooth or rugose), according to Belnap (2003).  In the 

laboratory, a small section of the crust from each site was re-hydrated in glass petri dishes using 

deionised water, following the moistened soil method (MSM) adapted from Johansen et al. (2001).  The 

petri dishes were then placed under natural light conditions to stimulate growth and metabolic activity.  

The resultant growth was examined using a dissecting and compound microscope to identify the 

taxonomic groups to the lowest possible level.   

 

 
  

Lake System Site Code Collection Date GPS Coordinates

NC1 Jul-07 51 J 233152 7030970

NC2 Jul-07 51 J 232814 7031134

LW9 Aug-07 51 J 231907 7035853

NC5 Jul-07 51 J 236776 7029474

NC6 Jul-07 51 J 237369 7030132

LWS3 Jul-07 51 J 237945 7041737

LWS5 Jul-07 51 J 237089 7042740

Lake Maitland Western Claypan Oct-09 51 J 307331 6991416

C1 Apr-03 51 J 260134 6939051

C1 Oct-01 51 J 260134 6939051

WBS3 Sep-08 51 J 434838 6805999

WBE2 Sep-08 51 J 427028 6810648

Site 21 Apr-09 51 J 422744 6786769

WBSC1 Sep-08 51 J 435372 6806503

Lake Carey

Lake Miranda

Lake Way
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4. RESULTS AND DISCUSSION 

4.1 Sediment Chemistry 

Sediments are an integral component of aquatic ecosystems.  They provide a habitat and food source 

for many biological communities, supporting a wide range of organisms (McKenzie et al. 2004, Pulford 

and Flowers 2006).  In temporary wetlands, sediments also provide a refuge for the propagules of 

aquatic biota during extended dry periods.  They can serve as a sink for any contaminants entering the 

system (Simpson et al. 2005), and are often the only media available for analysis in the absence of 

surface water (Clark and Wasson 1986). 

 

Analysis of the surface sediments at Lake Maitland showed a high degree of spatial and temporal 

variability (Appendix C), typical of inland lakes in the arid region of Western Australia (Gregory 2007, 

McKenzie et al. 2004, Smith et al. 2004).  Changes in sediment properties are driven primarily by 

changes in the hydrocycle, with alternating wetting and drying leading to differences in the rates of 

chemical and biological reactions (Boulton and Brock 1999, McComb and Qui 1998).  As groundwater is 

often discharged around the margins of salt lakes (Commander 1999), interactions with sediments also 

have a strong influence on the hydrogeochemical processes. 

 

During the May 2007 and December 2008 surveys, the pH of the sites was classified as moderately 

(pH 7.9 to 8.4) to strongly alkaline (pH 8.5 to 9.0), sensu Hazelton and Murphy (2007).  This is 

considered typical of lake sediments in the north-eastern Goldfields, with pH values greater than 8.0 

commonly recorded (Gregory 2007).  The range of pH was also relatively consistent across the different 

areas for both surveys (Table 4).  The main factors known to affect sediment pH are moisture content, 

organic matter, carbonate distribution, redox reactions, nutrient concentrations and microbial activity 

(Connell 2005). 

 

Moisture content was highly variable, linked to sediment properties and evaporation rates (Leeper and 

Uren 1993).  Distance to groundwater is also likely to be an important factor at Lake Maitland.  The sites 

with higher moisture content in both surveys were located in the Southern Area of the lake (up to 38.8 % 

at RLM11 in May 2007).  These sites also comprised of higher clay content than sites on the margins, 

which retain water for longer periods (Hazelton and Murphy 2007).  In contrast, the elevated sites along 

the North-West Arm were mainly dry and compacted, exhibiting reduced moisture levels (generally 

<5 %) (Table 4).  Higher moisture levels were evident at all sites in May 2007 (supported by PCA) 

(Figure 6a), and may be attributed to above average rainfall prior to this survey (BOM 2011). 

 

Comparatively higher concentrations of salts (TSS) occurred within the Main Lake (Resource) and 

Southern Area during May 2007 and December 2008 (Table 4), reflecting drainage patterns and 

evaporation characteristics.  The most saline sediments were found at sites RLM11 and RLM13 in the 

first survey (>130,000 mg/kg).  In contrast, the least saline sediments occurred in the North-West Arm 

(<10,000 mg/kg), also during May 2007.  These results are a reflection of the underlying groundwater, 

with sites on the periphery of the lake tending to freshwater (<3,000 mg/L), associated with calcrete 

deposits (Golder unpublished data).  In contrast, groundwater in the main trunk of the palaeochannel 

can reach salinities of more than 200,000 mg/L in low-lying areas (Johnson et al. 1999). 
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The most dominant ions in Australia inland waters are typically Na and Cl (Williams 1983), although 

deviations are known to occur due to catchment geology and weathering processes (McComb and Lake 

1990).  During both surveys of Lake Maitland, the dominant anions in sediments comprised of Cl or SO4 

(Table 4).  Elevated concentrations of SO4 is a common trend reported from other lakes in the Carey 

Palaeodrainage system (Outback Ecology, unpublished data), linked to the precipitation of gypsum 

(CaSO4). 

 

For cations, in May 2007, Ca was dominant at most sites (in particular at RLM7, RLM12 and RLM14 in 

the Southern Area which recorded concentrations above 200,000 mg/kg), with a shift to Na in December 

2008 (Table 4).  Across the Lake Maitland sites most cations decreased between surveys, in particular 

Ca concentrations declined by a factor of more than 30 at some sites, clearly shown in the PCA results 

(Figure 6a).  Differences in cations are likely to be associated with catchment geology; with extensive 

calcrete and gypsum deposits occurring throughout the arid region (Boulton and Brock 1999, Hart and 

McKelvie 1986).  Both calcrete and gypsum dissolve in solution (Dubbin 2001), therefore changes in the 

ionic composition can be attributed to factors such as sediment-groundwater interactions, rainfall and 

evapoconcentration over the duration of the hydrocycle (Mann 1983, McComb and Lake 1990).   

 

Nutrient concentrations were characterised by higher concentrations of TN in comparison to TP (Table 

4), consistent with the results from other inland salt lakes (John 2001).  Concentrations were higher in 

May 2007 (reflected in the PCA) (Figure 6a), likely related to above average rainfall (BOM 2011), with 

newly wetted sediments releasing nutrients (McComb and Qui 1998).  During both surveys, 

comparatively higher concentrations of nitrate (>70 mg/kg) occurred at RLM4 (located in the North-West 

Arm).  This may be related to the influence of cattle, noted as prominent in the area and a contributing 

source of NO3 to sediments (Connell 2005).   

 

Throughout Lake Maitland, metals including Ag, Cd, Sb, Se, Sn and Te were below detection in both 

surveys (Table 5).  No metals exceeded the ANZECC ISQG-high values, and in comparison to other 

lakes within the Carey Palaeodrainage, concentrations were relatively low (Outback Ecology 2011).  A 

number of trends were observed throughout the lake, associated with local geology.  For example the 

concentrations of Cr, Fe and Ni, tended to be higher in sediments of the North-West Arm.  As expected, 

the Main Lake (Resource) recorded higher concentrations of U, with mineralisation strongest in the 

central part of the lake (Cavaney 1984).  While there were clear patterns associated with metals and 

lake geomorphology, PCA indicated there were no differences in metal concentrations between the two 

surveys (Figure 6b).   

 

A comprehensive baseline assessment of the sediment conditions at Lake Maitland was conducted by 

Outback Ecology (2011) over a 12 month period, to determine natural variations over the hydrocycle.  

The results indicated that compared to the sediments of surrounding lakes in the Carey Palaeodrainage 

systems, Lake Maitland has a relatively high pH, low salinity, and low concentrations of nutrients and 

metals.  
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Table 4:  Range of basic parameters (with means shown in brackets) analysed from the sediments of Lake Maitland (May 2007 and December 2008).  All 

values presented in mg/kg unless stated otherwise. 

 

 

  

Parameters 
North-West Arm Main Lake (Resource) Southern Area 

2007 2008 2007 2008 2007 2008 

B
a
s
ic

 

pH (unit) 8.2 - 8.6 (8.3) 8.6 - 8.7 (8.6) 8.5 - 8.8 (8.7) 8.7 - 8.7 (8.7) 8 - 8.6 (8.4) 8.2 - 8.9 (8.6) 

Electrical Conductivity (EC) (µS/cm) 2770 - 7780 (4763) 6580 - 19200 (10973) 25600 - 36200 (30900) 18700 - 24600 (21650) 7630 - 46100 (30230) 6010 - 36600 (20537) 

Total Soluble Salts (TSS) 9000 - 25300 (15475) 21400 - 62500 (35650) 83200 - 118000 (100600) 60700 - 79800 (70250) 24800 - 150000 (98255) 19500 - 119000 (66755) 

Moisture Content (MC) (%) 3.0 - 11.2 (5.9) 1.8 - 16.7 (6.8) 24 - 26.7 (25.4) 19.6 - 22.4 (21.0) 4.9 - 38.8 (22.7) 4.0 - 24.1 (16) 

A
n

io
n

s
 a

n
d

 C
a
ti

o
n

s
 

Chloride (Cl) 420 - 12500 (5960) 4720 - 29800 (15105) 48100 - 63200 (55650) 30800 - 37000 (33900) 8280 - 129000 (60907) 5880 - 57200 (31907) 

Sulphate (SO4) 460 - 8500 (4480) 540 - 24900 (10535) 28900 - 59900 (44400) 27600 - 41200 (34400) 12600 - 74600 (40927) 11200 - 45800 (28709) 

Bicarbonate (HCO3) 2 - 8 (5) 23 - 48 (38) 7 - 14 (11) 22 - 34 (28) 4 - 76 (17) 17 - 51 (32) 

Carbonate (CO3) <1 - <1 (<1) <1 - <1 (<1) <1 - <1 (<1) <1 - <1 (<1) <1 - <1 (<1) <1 - <1 (<1) 

Sodium (Na) 370 - 11300 (5318) 3670 - 18700 (9258) 30700 - 38600 (34650) 19200 - 28800 (24000) 2610 - 83900 (42492) 3040 - 35700 (20476) 

Calcium (Ca) 3050 - 180000 (75863) 360 - 4790 (2360) 138000 - 154000 (146000) 5130 - 5240 (5185) 28200 - 245000 (148273) 3410 - 5280 (4479) 

Magnesium (Mg) 28800 - 59300 (41875) 140 - 2620 (843) 44800 - 48800 (46800) 1700 - 2440 (2070) 4260 - 78300 (17938) 280 - 2990 (1644) 

Potassium (K) 880 - 2320 (1460) 390 - 1180 (615) 3290 - 5420 (4355) 1640 - 3480 (2560) 1350 - 8520 (4487) 390 - 4940 (2157) 

N
u

tr
ie

n
ts

 

Total Nitrogen (TN) 220 - 490 (355) 20 - 180 (105) 450 - 540 (495) 210 - 240 (225) 60 - 1560 (630) 60 - 150 (90) 

Nitrite (NO2) <0.1 - 0.1 (0.03) <0.1 - 0.3 (0.2) <0.1 - 0.1 (0.1) <0.1 - <0.1 (<0.1) <0.1 - 0.6 (0.3) <0.1 - 0.1 (<0.1) 

Nitrate (NO3) 1.2 - 70.4 (25.4) 18.6 - 73.2 (38.1) 22.4 - 32.3 (27.4) 24.2 - 30.1 (27.2) <0.1 - 13.4 (2.7) 1.1 - 11.4 (5.4) 

Nitrite and Nitrate (NO2/NO3) 1.2 - 70.5 (25.5) 18.7 - 73.5 (38.3) 22.5 - 32.3 (27.4) 24.2 - 30.1 (27.2) <0.1 – 14.0 (2.8) 1.1 - 11.5 (5.4) 

Total Phosphorus (TP) 77 - 90 (84) <2 - 21 (14) 91 - 122 (107) 25 - 29 (27) 41 - 273 (127) 13 - 32 (22) 

Total Organic Carbon (TOC) (%) <0.5 - 0.6 (0.2) 0.2 - 0.3 (0.2) 1.9 - 2.5 (2.2) 0.2 - 0.4 (0.3) <0.5 - 4.2 (2.0) 0.09 - 0.38 (0.20) 
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Table 5:  Range of metals and metalloids (with means shown in brackets) analysed from the sediments of Lake Maitland (May 2007 and December 2008).  

All values presented in mg/kg.  Values exceeding ANZECC ISQG-High values are indicated in bold red text. 

Parameters 
North-West Arm Main Lake (Resource) Southern Area 

2007 2008 2007 2008 2007 2008 

Aluminium (Al) 7180 - 12500 (9833) 8930 - 15800 (12783) 8630 - 11700 (10165) 7240 - 11600 (9420) 1360 - 12700 (3780) 1760 - 13600 (4767) 

Antimony (Sb) <0.5 - <0.5 (<0.5) <5.0 - <5.0 (<5.0) <0.5 - <0.5 (<0.5) <5.0 - <5.0 (<5.0) <0.5 - <0.5 (<0.5) <5.0 - <5.0 (<5.0) 

Arsenic (As) 0.6 - 4.3 (2.2) <5.0 - <5.0 (<5.0) 3.0 - 5.7 (4.4) <5.0 - <5.0 (<5.0) <0.5 - 1.1 (0.2) <5.0 - <5.0 (<5.0) 

Barium (Ba) 7.9 - 27.4 (17.8) <10.0 – 20.0 (10.0) 3.1 - 63.9 (33.5) <10.0 - <10.0 (<10.0) 1.0 - 24.2 (4.3) <10.0 – 20.0 (1.8) 

Boron (B) 60 - 130 (100) 60 - 290 (175) 350 - 400 (375) 310 - 400 (355) 50 - 270 (142) 90 - 210 (128) 

Cadmium (Ca) <0.5 - <0.5 (<0.5) <1.0 - <1.0 (<1.0) <0.5 - <0.5 (<0.5) <1.0 - <1.0 (<1.0) <0.5 - <0.5 (<0.5) <1.0 - <1.0 (<1.0) 

Chromium (Cr) 21.5 - 42.8 (31.4) 27.0 – 49.0 (36.5) 21.5 - 25.7 (23.6) 18.0 – 22.0 (20.0) 7.2 - 33.4 (16.1) 8.0 – 32.0 (17.9) 

Cobalt (Co) 1.9 - 2.9 (2.4) <2.0 – 2.0 (1.0) 1.9 - 2.5 (2.2) <2.0 - <2.0 (<2.0) 0.7 – 4.0 (1.6) <2.0 - <2.0 (<2.0) 

Copper (Cu) 5.6 - 8.8 (7.0) 6.0 – 8.0 (7.0) 6.9 - 7.1 (7.0) <5.0 – 7.0 (3.5) 2.4 – 11.0 (4.7) <5.0 – 7.0 (1.8) 

Iron (Fe) 8350 - 13800 (10813) 7900 - 15200 (10470) 8440 - 10200 (9320) 5600 - 8090 (6845) 4200 - 17500 (6953) 2240 - 10400 (5479) 

Lead (Pb) 2.1 - 4.1 (3.3) <5.0 – 5.0 (1.3) 1.6 - 1.6 (1.6) <5.0 - <5.0 (<5.0) 0.7 - 4.7 (1.7) <5.0 - <5.0 (<5.0) 

Manganese (Mn) 70 – 133 (106) 67 – 193 (135) 93 - 104 (98) 61 - 95 (78) 25 - 297 (95) 26 - 138 (59) 

Mercury (Hg) <0.1 – 1.0 (0.3) <0.1 - 0.5 (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) 

Nickel (Ni) 4.1 - 8.1 (6.2) 5.0 – 7.0 (6.0) 4.5 – 6.0 (5.3) 4.0 – 5.0 (4.5) 1.3 - 8.2 (3.4) <2.0 – 6.0 (2.9) 

Selenium (Se) <1.0 - <1.0 (<1.0) <5.0 - <5.0 (<5.0) <1.0 - <1.0 (<1.0) <5.0 - <5.0 (<5.0) <1.0 – 2.0 (0.3) <5.0 - <5.0 (<5.0) 

Silver (Ag) <0.5 - <0.5 (<0.5) <2.0 - <2.0 (<2.0) <0.5 - <0.5 (<0.5) <2.0 - <2.0 (<2.0) <0.5 - <0.5 (<0.5) <2.0 - <2.0 (<2.0) 

Strontium (Sr) 39 – 721 (271) 41 - 448 (207) 721 - 4360 (2541) 863 - 1250 (1057) 196 - 1400 (809) 258 - 1100 (744) 

Tellurium (Te) <0.5 - <0.5 (<0.5) <0.5 - <0.5 (<0.5) <0.5 - <0.5 (<0.5) <0.5 - <0.5 (<0.5) <0.5 - <0.5 (<0.5) <0.5 - <0.5 (<0.5) 

Thorium (Th) 1.8 – 3.0 (2.3) 2.3 - 4.8 (3.3) 1.6 - 2.2 (1.9) 1.8 - 2.6 (2.2) <0.5 - 3.3 (1.3) 0.5 - 3.4 (1.9) 

Tin (Sn) <0.5 - <0.5 (<0.5) <5.0 - <5.0 (<5.0) <0.5 - <0.5 (<0.5) <5.0 - <5.0 (<5.0) <0.5 - <0.5 (<0.5) <5.0 - <5.0 (<5.0) 

Uranium (U) 1.3 - 26.8 (8.4) 1.4 - 9.8 (4.5) 32.8 - 33 (32.9) 35.0 - 37.4 (36.2) 2.8 - 44.8 (16.2) 3.2 - 15.1 (7.1) 

Zinc (Zn) 12.4 - 18.6 (16.2) 7.0 – 19.0 (12.3) 15.4 - 18.6 (17.0) 6.0 – 10.0 (8.0) 5.0 - 23.3 (10.4) <5.0 – 12.0 (4.1) 
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Figure 6:  PCA plots of (a) basic sediment parameters and (b) metal and metalloid concentrations in the sediments of Lake Maitland, in May 2007 (▲) and 

December 2008 (▼).  Note that a total of 73.6 % and 81.0 % of the variation respectively were explained by the first two axes. 
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4.2 Diatoms 

Diatoms are eukaryotic, unicellular microalgae that belong to the phylum Bacillariophyta (Sze 1986), 

and have a cosmopolitan distribution in almost all aquatic habitats (Round et al. 1990).  In shallow, 

temporary waters, diatoms form an important component of benthic microbial communities (BMCs) and 

are often one of the dominant primary producers (Bauld 1981, 1986, Boggs et al. 2007).  Their 

morphology is characterised by a cell wall composed of silica (termed a frustule), which in adverse 

conditions can thicken to form a resting spore, allowing for survival during extended dry periods 

(McQuoid and Hobson 1996).  The sensitivity of diatoms to their surrounding environment means they 

are ideal indicators of changing conditions (John 1998, 2000). 

 

Diatoms were found at 13 of the 17 sites during the May 2007 and December 2008 surveys at Lake 

Maitland (Table 6).  Seven diatom taxa from five genera were recorded including common saline genera 

such as Amphora, Hantzschia and Navicula (Taukulis and John 2009).  Species composition was 

similar in both surveys, although a substantial reduction in productivity was observed in December 

2008.  Diversity decreased from seven to five taxa, and only six sites (compared to thirteen) recorded 

diatoms, which may be a reflection of the lower rainfall received prior to the second survey (BOM 2011).  

 

Hantzschia sp. aff. baltica and Navicula sp. aff. incertata were the most abundant and widespread taxa 

in May 2007, while in December 2008, Luticola mutica was the most dominant taxa, with Hantzschia 

amphioxys being the most abundant (Appendix D).  Representatives from both the Luticola and 

Hantzschia genera may be classified as aerophilous, and are characteristic of moist sediments (Ehrlich 

1995).  Additionally, both are typically associated with eroded habitats (John 2000), reflecting the 

exposed environment of the lake during dry conditions. 

 

Four of the sites recorded no diatoms in either survey (Table 6), with two located in the North-West Arm 

(RLM1 and RLM3).  Depauperate diatom numbers are likely to be a function of differences in sediment 

properties (particularly moisture content and microtopography), adversely influencing colonisation 

(Krejci and Lowe 1986, van de Vijver and Beyens 1997, van Kerckvoorde et al. 2000).  The majority of 

sites in the Southern Area were, in contrast, relatively productive; with up to four taxa found (at RLM15), 

suggesting this part of the lake is more conducive to supporting diatoms.   
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Table 6:  Summary of diatom taxa recorded from the Lake Maitland benthic microbial 

communities (BMCs) in May 2007 and December 2008.  Shaded circle indicates taxa present. 

 

 

 

Amphora 

coffeaeformis

Hantzschia 

amphioxys

Hantzschia sp. 

aff. baltica

Luticola        

mutica

Navicula sp. aff. 

incertata

Navicula sp. aff. 

incertata  var. 1

Pinnularia 

borealis

May-07 0

Dec-08 0

May-07 l 1

Dec-08 0

May-07 0

Dec-08 0

May-07 l 1

Dec-08 l l l 3

May-07 l 3

Dec-08 0

May-07 l 1

Dec-08 0

May-07 0

Dec-08 0

May-07 0

Dec-08 0

May-07 l 1

Dec-08 l 1

May-07 l l 2

Dec-08 l l 2

May-07 l l 2

Dec-08 l 1

May-07 l l l 3

Dec-08 0

May-07 l l 2

Dec-08 l l 2

May-07 l l 2

Dec-08 0

May-07 l l 2

Dec-08 0

May-07 l l 2

Dec-08 l 1

May-07 l l l l 4

Dec-08 0

RLM5

RLM6

Sites

Diatom Taxa

DiversityDate

Main Lake (Resource)

North-West Arm

Southern Area

RLM1

RLM2

RLM3

RLM4

RLM16

RLM17

RLM13

RLM14

RLM15

RLM7

RLM8

RLM9

RLM10

RLM11

RLM12
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4.3 Dormant Propagule Bank 

The aquatic biological communities of inland waters are strongly influenced by the transient water 

regime of these systems.  Biota in unpredictable environments employ survival strategies such as the 

production of resting stages (desiccation resistant propagules), which enable their persistence during 

extended dry periods (De Stasio 1989, Humphries and Baldwin 2003).  The resting stages of algae 

(oospores), higher plants (seeds) and invertebrates (eggs), are contained within the surface sediments 

of lakes and are collectively referred to as the propagule bank (or egg and seed bank).  With the onset 

of the filling phase, the emergent biota from the propagule bank, assist in the recovery of the wetland 

(Brock et al. 2003).   

 

4.3.1 Resting Stages 

Resting stages were identified from 13 and 12 sites respectively in May 2007 and December 2008 

(Table 7).  Seven taxa were found in total, representing common groups associated with inland salt 

lakes (Porter et al. 2007, Timms 2007), dominated by charophytes (large-green algae), with crustaceans 

occurring to a lesser extent (Figure 7).   

 

The majority of propagules were recorded in the Southern Area of the lake during the December 2008 

survey.  The highest abundance occurred at RLM14, with over 5,800 resting stages per 100 g of 

sediment (Figure 7).  In contrast, the number of resting stages was notably lower across almost all sites 

in May 2007, and may have been a reflection of rainfall patterns and prevailing winds, factors known to 

influence distribution (Porter et al. 2007, Thiéry 1997).  No resting stages were found in the sediments of 

RLM1, RLM3, RLM4 or RLM5, located on the periphery of the lake (mostly in the North-West Arm) 

during either survey (Table 7).   

 

The oospores of two charophyte taxa; Lamprothamnium and Nitella, dominated the sediments of 11 

sites (Figure 7).  Lamprothamnium oospores were present in high numbers, with more than 5,500 

oospores found at RLM14 in December 2008.  There was a lower abundance of Nitella oospores, with 

the two charophyte taxa known to have differing salinity tolerances.  While Nitella is generally restricted 

to fresh and low salinity waters, Lamprothamnium (in particular Lamprothamnium macropogon) can 

survive hypersaline conditions (Garcia 1999).  The dominance of Lamprothamnium at Lake Maitland 

may be a reflection of the predominantly saline surface waters likely to be present during flooding. 

 

The eggs of four invertebrate taxa were identified from Lake Maitland, although numbers were reduced 

in comparison to oospores (Figure 7).  The highest abundance of invertebrate eggs, belonging to 

ostracods, occurred in both May 2007 and December 2008 (up to 4,775 eggs), recorded from site 

RLM16 in the Main Lake.  Ostracod eggs (red and white) were the most common taxa identified, with 

two anostracan taxa including Branchinella simplex and Parartemia laticaudata also found (Table 7).  

These taxa occurred in the Main Lake and Southern Area of Lake Maitland, and are commonly 

associated with saline waters throughout Western Australia (Halse 2002, Timms 2002a, 2009) 
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Table 7:  Summary of resting stages recorded from the sediments of Lake Maitland in May 2007 

and December 2008.  Shaded circle indicates taxa present (green = algae and flowering plants, 

blue = crustaceans). 

 

Sites Date
Lamprothamnium 

sp.
Nitella  sp. Ruppia  sp.

Parartemia 

laticaudata

Branchinella 

simplex

Ostracoda           

(red eggs)

Ostracoda       

(white eggs)
Diversity

May-07 0

Dec-08 0

May-07 0

Dec-08 ● 1

May-07 0

Dec-08 0

May-07 0

Dec-08 0

May-07 ● ● 2

Dec-08 ● 1

May-07 ● ● ● 3

Dec-08 ● ● 2

May-07 0

Dec-08 0

May-07 ● 1

Dec-08 ● ● 2

May-07 ● ● 2

Dec-08 ● ● ● 3

May-07 ● ● 2

Dec-08 ● 1

May-07 ● ● ● 3

Dec-08 ● ● ● ● 4

May-07 ● ● ● ● ● 5

Dec-08 ● ● 2

May-07 ● ● ● ● ● 5

Dec-08 ● ● ● 3

May-07 ● ● 2

Dec-08 ● ● ● ● 4

May-07 ● ● ● ● 4

Dec-08 ● ● ● 3

May-07 ● ● ● 3

Dec-08 ● ● ● ● 4

May-07 ● ● ● 3

Dec-08 ● ● 2

RLM13

RLM14 

RLM15 

RLM9 

RLM10

RLM11 

RLM12

North-West Arm

Southern Area

Main Lake (Resource)

RLM7 

RLM8 

RLM2

RLM16 

RLM17 

RLM6 

RLM1

RLM5 

RLM3

RLM4
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Figure 7:  Abundance of resting stages recorded from the sediments of Lake Maitland in May 2007 and December 2008 (green = algae and flowering 

plants, blue = crustaceans). 
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4.3.2 Re-wetting Trials 

During re-wetting trials four diatom taxa, two macrophytes and four crustaceans emerged from the 

sediments of Lake Maitland (Table 8).  Not all of the biota identified from the resting stages were 

recorded during the trials, with optimal conditions for different groups difficult to achieve in controlled 

conditions (Skinner et al. 2001).  Salinities were well within the tolerance limits of salt lake biota, which 

are known to withstand concentrations of close to 150 mS/cm (Timms et al. 2006, Williams 1998).  The 

Main Lake and Southern Area recorded much higher salinities (>100 mS/cm), in comparison to the 

North-West Arm (50 mS/cm), reflecting salt accumulation in the deeper parts of the basin.   

 

At sites RLM9, RLM14 and RLM15 the numbers of the diatom Hantzschia sp. aff. baltica numbers were 

high (Appendix E), this being the most obvious difference to diatoms identified from the analysis of lake 

sediments.  A number of other common salt tolerant diatoms were also identified from the re-wetting 

trials including Amphora coffeaeformis, Luticola mutica and Navicula sp. aff. incertata (Taukulis 2007, 

Taukulis and John 2006).  The increased abundance of diatoms mainly in the Southern Area indicates 

that during flood, productivity should rise considerably. 

 

Despite the high numbers of Lamprothamnium oospores identified from the sediments, germination only 

occurred at RLM10 during the re-wetting trials (Table 8).  Ruppia plants germinated later, during the 

second phase of re-wetting trials, and were recorded from seven sites mainly in the Southern Area.  

Studies by Porter (2007) found that species including Lamprothamnium macropogon and Ruppia 

tuberosa (which can both tolerate high salinities), while exhibiting different germination responses, can 

often co-exist.   

 

The majority of the crustaceans hatched from a limited number of sites in either the Main Lake or 

Southern Area (Table 8).  Eocyzicus parooensis is a clam shrimp (Conchostraca), and hatched from 

site RLM10 only.  This species was originally described from river systems in New South Wales (Richter 

and Timms 2005), and has since been recorded from inland waters throughout the Goldfields, including 

Lake Carey (Timms et al. 2009).  Parartemia laticaudata, which hatched from three sites (RLM8, RL10 

and RLM16), is a widespread anostracan brine shrimp that has been documented from the northern and 

central regions of Western Australia (Timms 2010).   

 

The remaining two crustacean taxa comprised of the seed shrimps belonging to Ostracoda (Table 8).  

Repandocypris austinensis (Plate 2a), occurs throughout the Yilgarn (Halse and McRae 2004, Timms et 

al. 2009), and has also been hatched during re-wetting trials on lakes from this region (Outback Ecology 

unpublished data).  The second ostracods taxon hatched from the Lake Maitland sediments was a new 

genus.  While this species is still awaiting formal description, it has been provisionally referred to as 

“Dragoncypris outbacki gen. nov. sp. nov.” (Plate 2b).  Due to the discovery of this new taxon, further 

re-wetting trials were undertaken to establish potential distribution patterns within the Carey 

Palaeochannel. 
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Table 8:  List of aquatic biota identified from the re-wetting trials conducted on the Lake Maitland sediments (collected in May 2007 and December 2008).  

Shaded circle indicates presence of taxa.  Data from the two surveys has been combined. 

 

 

RLM1 RLM2 RLM3 RLM4 RLM16 RLM17 RLM5 RLM6 RLM7 RLM8 RLM9 RLM10 RLM11 RLM12 RLM13 RLM14 RLM15

Amphora coffeaeformis l l

Hantzschia sp. aff. baltica l l l l

Luticola mutica l

Navicula sp. aff. incertata l

Lamprothamnium sp. l

Ruppia sp. l l l l l l l

“Dragoncypris outbacki  gen. nov. sp. nov.” l l l

Eocyzicus parooensis l

Parartemia laticaudata l l l

Repandocypris austinensis l

0 0 0 1 3 0 1 0 1 3 2 6 3 1 0 1 2

2.0 - 23.7 13.9 - 50.4 15.5 - 50.7 1.2 - 15.2 3.8 - 91.6 47.9 - 155.0 6.0 - 24.3 23.3 - 72.8 39.4 - 92.0 23.1 - 64.7 3.6 - 74.5 3.4 - 55.7 52.1 - 116.2 52.8 - 100.1 58.5 - 125.1 54.2 - 122.4 3.5 - 116.8

Southern Area

C
ru

s
ta

c
e
a
n

s

Taxa

Salinity Range (Electrical Conductivity mS/cm)

Diversity

North-West Arm Main Lake (Resource)

D
ia

to
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Plate 2:  Ostracods recorded during the laboratory re-wetting of Lake Maitland sediments; (a) 

Repandocypris austinensis and (b) “Dragoncypris outbacki gen. nov. sp. nov.”.  

 

4.3.3 “Dragoncypris outbacki” Re-wetting Trials 

Additional re-wetting trials successfully hatched “Dragoncypris outbacki gen. nov. sp. nov.” from sites 

(Table 9) comprising of four lakes surrounding Lake Maitland including Lake Carey, Lake Miranda and 

Lake Way (Figure 8).  This taxon also hatched from a small western claypan adjacent to Lake Maitland, 

and is therefore likely to occur in the peripheral wetlands along the Carey Palaeodrainage system.  

Further study of “Dragoncypris outbacki gen. nov. sp. nov.” may also increase the regional distribution of 

this species. 

 

The results of the additional “Dragoncypris outbacki gen. nov. sp. nov.” re-wetting trials indicate this 

taxon is not at risk from proposed development of the LMUP, and does in fact have a broad distribution.  

A large, recent filling event at Lake Carey (which occurred in February 2011) also led to collections of 

this species in high numbers.  It appears the upper salinity tolerance limit of “Dragoncypris outbacki gen. 

nov. sp. nov.” is close to 145 mS/cm, consistent with other common salt tolerant invertebrates including 

Parartemia representatives (Outback Ecology unpublished data). 

 

Table 9:  Location of sites within the Carey Palaeodrainage from which “Dragoncypris outbacki 

gen. nov. sp. nov.” was hatched during additional re-wetting trials. 

  

500 um500 um

(a) (b)

Lake System Site Code Collection Date GPS Coordinates

LW9 Aug-07 51 J 231907 7035853

NC6 Jul-07 51 J 237369 7030132

Lake Maitland Western Claypan Oct-09 51 J 307331 6991416

Lake Miranda C1 Oct-01 51 J 260134 6939051

WBS3 Sep-08 51 J 434838 6805999

WBE2 Sep-08 51 J 427028 6810648

Site 21 Apr-09 51 J 422744 6786769

WBSC1 Sep-08 51 J 435372 6806503

Lake Way

Lake Carey
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Figure 8:  Broader distribution of "Dragoncypris outbacki gen. nov. sp. nov.” within the Carey 

Palaeodrainage system. 
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4.4 Cryptogamic Crusts 

Cryptogamic crusts (also known as biological soil crusts) are commonly found in the riparian zone of 

inland salt lakes throughout Australia (Ullman and Budel 2003).  They occur in the open spaces 

between vascular plants, and are an intimate association between soil particles, cyanobacteria, 

eukaryotic algae (Hawkes and Flechtner 2002), and lower plants (such as bryophytes).  In arid regions, 

they predominantly comprise cyanobacteria (blue-green algae) (Campagna 2007, Johansen 2001).  

They have a number of important functions including soil stabilisation, water retention and providing a 

source of nitrogen in a nutrient poor environment (Belnap et al. 2003).   

 

Six cyanobacteria taxa and two species of moss (bryophytes) were recorded in the re-hydrated 

cryptogamic crusts from three of the Lake Maitland sites (Table 10), including RLM2, RLM4 (North-West 

Arm) and RLM9 (Southern Area).  These sites consisted of riparian communities dominated by either 

Lawrencia helmsii or Tecticornia spp., with smooth and rugose cryptogamic crusts noted.   

 

The crusts in the North-West Arm (RLM2 and RLM4) were classified as smooth, comprising 

Pleurocapsa sp. and a number of other cyanobacteria including Nostoc sp. Oscillatoria sp., and 

Phormidium sp..  Site RLM9 in the Southern Area also contained cyanobacteria, as well as two 

bryophyte species (Table 10), although the cryptogamic crust was classified as rugose (meaning ridged 

or corrugated).  Cyanobacteria tend to be the main biological components of biological soil crusts, due 

to their ability to fix atmospheric nitrogen and survive extended periods of desiccation, important in arid 

regions (Belnap et al. 2003).  

 

Similar cryptogamic components have been found alongside Lawrencia helmsii in the riparian zone of 

Lake Yindarlgooda, a large inland salt lake in the eastern Goldfields region of Western Australia.  

Associations were dominated by cyanobacteria including Microcoleus, Oscillatoria and mosses 

(Campagna 2007).  Mosses and cyanobacteria generally co-exist together in cryptogamic crusts and 

are known to have significant water retention capabilities (Johansen et al. 2001).  The presence of 

biological soil crusts throughout arid regions is generally considered an indicator of healthy and stable 

landscapes (Warren and Eldridge 2003). 
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Table 10:  Cyanobacteria and bryophytes recorded from the re-hydration of cryptogamic crusts 

of Lake Maitland in May 2007 (* sample collected from nearby dune).   

 

 

 

Plate 3:  Examples of cryptogamic crusts from (a) RLM4; smooth crust and (b) RLM9; rugose 

crust.  Photos were taken in the field prior to re-hydration in the laboratory. 

 

4.5 Summary of Aquatic Biota and Regional Comparison 

Based on the data collected from Lake Maitland during May 2007 and December 2008; seven diatoms, 

two charophytes, one flowering plant, five crustaceans, six cyanobacteria and two lower plant species 

were identified (Table 11).  This data was compiled from the analysis of sediments for diatoms and 

resting stages, data collated from the re-wetting trials and the re-hydration of cryptogamic crusts from 

the riparian zone.  According to the results, the most biologically productive area of the lake is the 

Southern Area, while the North-West Arm appears relatively depauperate by comparison.   

 

The aquatic biota found at Lake Maitland during dry conditions was typical of regional salt lakes within 

the Carey Palaeodrainage system (Outback Ecology unpublished data).  The propagules of these taxa 

are either passively transported between lakes by waterbirds, or enter the lake during large flood 

events, when habits become connected (Figuerola and Green 2002, Jenkins and Boulton 2003).   

 

Southern Area

RLM2 RLM4 RLM9*

Cyanobacteria

Microcoleus chthonoplastes l

Nostoc  sp. l

Oscillatoria sp. 1 l

Oscillatoria  sp. 2 l

Phormidium  sp. l

Pleurocapsa sp. l l l

Bryophytes

Bryophyte sp. 1 l

Bryophyte sp. 2 l

North-West Arm
Taxa

(a) (b)
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Table 11:  Summary of the aquatic biota recorded from Lake Maitland, including taxa recorded during the analysis of lake sediments, 

re-wetting trials and re-hydration of cryptogamic crusts (May 2007 and December 2008). 

 

RLM1 RLM2 RLM3 RLM4 RLM16 RLM17 RLM5 RLM6 RLM7 RLM8 RLM9 RLM10 RLM11 RLM12 RLM13 RLM14 RLM15

Amphora coffeaeformis l l l l

Hantzschia amphioxys l

Hantzschia sp. aff. baltica l l l l l l l l l l l

Luticola mutica l l l l l l

Navicula sp. aff. incertata l l l l l l l

Navicula sp. aff. incertata var. 1 l l

Pinnularia borealis l

Lamprothamnium sp. l l l l l l l l

Nitella sp. l l l l l l l l

Ruppia  sp. l l l l l l l l

Branchinella simplex l l

Parartemia laticaudata sp. nov. l l l

Eocyzicus parooensis l

Dragoncypris outbacki'  n. gen. n. sp. l l l l l l l l l l l l

Repandocypris  austinensis l l l l

Nostoc  sp. l

Phormidium  sp. l

Oscillatoria  sp. 1 l

Oscillatoria  sp. 2 l l

Microcoleus chthonoplastes l l

Pleurocapsa sp. l l l l

Moss sp. 1 l

Moss sp. 2 l

Ruppiaceae

FLOWERING PLANTS (RE-WETTING TRIALS)

LOWER PLANTS (REHYDRATION OF CRYPTOGAMIC CRUSTS)

ALGAE (REHYDRATION OF CRYPTOGAMIC CRUSTS)

Cyanophyta

Bryophyta

ALGAE (SEDIMENT ANALYSIS AND RE-WETTING TRIALS)

AQUATIC INVERTEBRATES (SEDIMENT ANALYSIS AND RE-WETTING TRIALS)

Bacillariophyceae

Taxa
North-West Arm Main Lake (Resource) Southern Area

Conchostraca

Ostracoda

Crustacea

Anostraca

Characeae
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The diatom community was consistent with the assemblages known to occur from inland waters throughout 

Western Australia (Campagna 2007, Taukulis 2007).  In particular, Amphora coffeaeformis has been 

documented as one of the most frequently observed taxa inhabiting saline environments (John 1998).  The 

species recorded are all salt tolerant forms that can survive a wide range of salinities (Taukulis and John 

2009).  The diversity of taxa was less than that recorded from Lake Way (>10 species), and much lower in 

comparison to Lake Carey (>50 species) (Gregory 2007).  The increased number of diatom species 

identified from Lake Carey reflects the larger size of this lake and the greater sampling effort; having been 

studies for more than 10 years (Outback Ecology unpublished data).   

 

The macrophytes identified during the analysis of sediments and re-wetting trials found three genera 

including charophytes (Lamprothamnium sp. and Nitella sp.) and Ruppia sp. (Table 11), commonly 

associated with aquatic plant communities in the arid zone.  Two of these genera are likely to represent the 

salt tolerant Lamprothamnium macropogon and Ruppia tuberosa, which exist as fast growing annuals that 

produce large numbers of drought resistant propagules (Porter 2007).  These taxa also constitute an 

important food source for waterbirds including swans, with nests observed at a number of sites in the Main 

Lake and Southern Area of Lake Maitland (Green et al. 2008, Kingsford 1994, Nichols 2005).   

 

The aquatic invertebrate assemblages at Lake Maitland (Table 11) comprise crustacean taxa previously 

recorded from lakes within the Carey Palaeodrainage, and in some cases from elsewhere in Australia 

(Halse and McRae 2004, Timms 2009, 2010, Timms et al. 2009).  The high number of ostracod eggs 

recorded in the sediments may be a function of the lake’s hydrogeochemistry, with salt tolerant taxa known 

to prefer waters high in calcium (Radke et al. 2002, Radke et al. 2003).  They are also the main 

invertebrates passively transported by waterbirds (Green et al. 2008).   

 

The anostracan fairy shrimp Branchinella simplex identified from the lake is currently listed as a Priority 1 

species by the Department of Environment and Conservation (Department of Environment and 

Conservation 2011).  However this listing is based on outdated information and the conservation status of 

this species requires updating.  The most recent literature on this taxon indicates it is widespread, having 

been found in lakes from the Goldfields region of Western Australia, as well as South Australia and the 

Northern Territory (Timms 2009, 2002b). 

 

The five genera of cyanobacteria recorded from the re-hydrated cryptogamic crusts (Table 11) belong to 

common blue-green algal groups (Entwisle et al. 1997).  While less is known on the bryophytes (of which 

two species were found), it is also likely these belong to ubiquitous assemblages associated with the 

riparian zone of salt lakes.  Previous work by Campagna (2007) on cryptogamic crusts in the Yilgarn found 

a similar composition, comprising cyanobacteria and a moss belonging to Bryum sp..  Biological soil crusts 

play an important role in stabilising the soil around salt lakes, and can easily be disturbed by trampling 

associated with livestock (Belnap et al. 2003, Johansen et al. 2001).  



Mega Lake Maitland Pty Ltd                                                              Baseline Aquatic Assessment 

34 

 

5. IMPLICATIONS FOR AQUATIC BIOTA 

5.1 Ecology 

The aquatic baseline assessment of Lake Maitland showed that the majority of the biological productivity is 

confined to the Southern Area, where water is likely to be held for longer periods during flood.  In contrast, 

the North-West Arm appears to have limited water retention capacity and has been heavily impacted by 

cattle, causing sediment disturbance, and resulting in the restricted colonisation of biota.  Differences in 

productivity reflect the lake geomorphology and drainage patterns, with the deepest parts of the basin 

observed in the Southern Area.  After substantial rainfall, surface flow and runoff will activate local 

creeklines in this area, and cause the surrounding claypans to fill, with peripheral wetlands known to have 

high productivity (Coleman 2001, John 2001).   

 

Many of the algal and invertebrate taxa found were classified as euryhaline; having a broad salinity 

tolerance, and able to withstand elevated surface water salinities.  The biota inhabiting these temporary 

aquatic environments are well-adapted to saline conditions, and can rapidly colonise the lake after a filling 

event (Boulton and Brock 1999, John 2001).  Many of them also have short lifecycles that allow them to 

reproduce while the system is less saline (McComb and Lake 1990).  Others can persist in hypersaline 

waters until the final stages of the filling phase, taking advantage of rare inundation opportunities (Smith et 

al. 2004).  To determine patterns of colonisation in Lake Maitland, sampling during a substantial flood is 

required. 

 

All of the biological communities identified from Lake Maitland are also known to persist in temporary 

environments as dormant stages or resting spores, emerging only when conditions are suitable (Moscatello 

and Belmonte 2009).  While the diversity of taxa from Lake Maitland has been documented during this 

assessment, the longevity and resilience of the propagule bank is not currently known.   

 

The recovery of aquatic biota following a large flood event is dependent on the duration of inundation, 

which results in the ‘boom and bust’ cycles of productivity (Bunn et al. 2006).  Increased nutrient availability 

(via runoff from the surrounding catchment), as well as an initial reduction in surface water salinity leads to 

the characteristic ‘boom’ observed in temporary systems.  As water levels recede and salts are 

concentrated, conditions become increasingly hostile, eventually entering the ‘bust’ or drying phase.  

Towards the end of the drying phase, the most salt tolerant organisms produce desiccation resistant 

propagules, capable of surviving in the sediments until the next filling event (McComb and Lake 1990).  As 

long as this cycle continues at Lake Maitland (although the duration of the phases varies over time and can 

be unpredictable), propagule banks will be replenished, enabling the persistence of aquatic biota. 
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5.2 Potential Risks 

The LMUP is committed to the management and maintenance of the Lake Maitland ecosystem, 

implementing a range of measures to minimise any impacts to the receiving environment.  The broader, 

regional distribution of organisms currently found inhabiting the lake indicates that there will be no aquatic 

biota at risk from the development of the project development (although information on the diversity of the 

lake during flood is still lacking).  However, there are still a range of potential impacts related to the LMUP 

that may influence the lake ecology. 

 

The main impacts identified to date are related to hydrological processes.  This includes changes in the 

drainage patterns of surface water, or the prevention of surface water flows to southern parts of the lake, 

influencing the residence time of water during flood.  There is also the potential for groundwater drawdown, 

associated with proposed mine operations, to adversely affect the sediment properties of the lake.  

Removal of the resource may also alter sediment quality, and the storage of tailings has the potential to 

leach contaminants into the system. 

 

These types of impacts can affect the resilience of the propagule bank and the ability of Lake Maitland to 

maintain its aquatic ecosystem (via the re-colonisation of biota following flooding).  The residence time of 

the water has a strong influence on water quality parameters such as salinity, which is one of the main 

cues for emergence.  Changes in the hydrogeochemistry may also impact on the quality of overlying 

surface waters during the filling phase, inducing shifts in species composition (dependent on their tolerance 

limits).  As the Southern Area supports the highest diversity of aquatic biota, it is important that the 

ecological values in this part of the lake are maintained, in line with the current proposal for the LMUP.    
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6. CONCLUSIONS AND RECOMMENDATIONS 

The baseline aquatic assessment of Lake Maitland in May 2007 and December 2008 was conducted 

during dry conditions, and found sediment chemistry was primarily driven by changes in the hydrocycle.  

Sediment-groundwater interactions are also likely to have a strong influence on hydrogeochemical 

processes.  Sediments were characterised by alkaline pH, fluctuations in ionic composition and low metal 

concentrations.  Comparatively higher concentrations of uranium occurred in the Main Lake as expected, 

and sediment salinity was greatest in the Southern Area, reflecting drainage patterns.  However salts, 

nutrient and metal concentrations were low in comparison to other lakes in the Carey Palaeodrainage 

system. 

 

Examination of lake sediments and re-wetting trials yielded a range of aquatic biota including seven 

diatoms, two charophytes, one flowering plant and five crustaceans.  Additionally, the re-hydration of 

cryptogamic crusts found six cyanobacteria and two lower plant species.  Productivity was highest in the 

Southern Area of the lake, while the North-West Arm was relatively devoid of biological communities, likely 

a reflection of sediment properties, which were drier and more compact.   

 

While there are a number of potential impacts that may occur to the lake as a result of the development of 

the LMUP, none of the aquatic biota found are considered to be rare or threatened.  The risk to these taxa 

is considered minimal, due to their broader distribution in lakes throughout the region.  However as 

sampling of the lake was limited to only two surveys, conducted during dry conditions it is recommended 

that aquatic biota be sampled during a flood event.  This would allow for further assessment of diversity 

and productivity, and enable any changes in species composition that occur throughout the filling and 

drying phases to be investigated.   

 

The implementation of an ongoing monitoring program should also be considered for Lake Maitland as 

development of the project continues and for the duration of mining operations.  The results of the baseline 

aquatic assessment of Lake Maitland should aid in the development of future management and monitoring 

strategies as the project progresses.   
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APPENDIX A 

Lake Maitland Site Images 

  



 

44 

 

 

Plate 4:  Photographs of Lake Maitland sites RLM1 (a-c) and RLM2 (d-f). 

  

RLM2 (d-f): Floodplain covered in Tecticornia

(cryptogams evident), located in close

proximity to fence line.

RLM1 (a-c): Claypan surrounded by

Tecticornia and Frankenia. Elevated in

comparison to the playa.

(a)

(b) (c)

(d)

(e) (f)
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Plate 5:  Photographs of Lake Maitland sites RLM3 (a-c) and RLM4 (d-f). 

  

RLM3 (a-c): Claypan adjacent to

Tecticornia f loodplain. Area heavily

impacted by cattle.

RLM4 (d-f): Claypan site surrounded by

Tecticornia and Atriplex. Cryptogams

evident, in riparian zone.

(a)

(b) (c)

(f)

(d)

(a)

(e)
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Plate 6:  Photographs of Lake Maitland sites RLM5 (a-c) and RLM6 (d-f). 

  

RLM5 (a-c): Vegetated f loodplain in close

proximity to fence line. Dense covering of

Tecticornia, with cryptogams present.

RLM6 (a-f): Evaporite pan, surrounded by

low-lying dunes covered in Tecticornia.

(a)

(f)(e)

(d)

(b) (c)
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Plate 7:  Photographs of Lake Maitland sites RLM7 (a-c) and RLM8 (d-f). 

  

RLM7 (a-c): Evaporite pan, with scenescing

juvenile Tecticornia plants on lake surface.

RLM8 (a-c): Evaporite pan, with riparian zone

comprising Tecticornia.

(a)

(f)

(b)

(e)

(d)

(c)



 

48 

 

 

Plate 8:  Photographs of Lake Maitland sites RLM9 (a-c) and RLM10 (d-f). 

  

RLM9 (a-c): Playa site, with fence line nearby.

Tecticornia plants interspersed with

cryptogams.

RLM10 (d-e): Channel site (f low-through

area). Surrounded by low-lying dunes

covered in Tecticornia (cryptogams evident).

(a)

(b)

(e)

(d)

(c)

(f)
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Plate 9:  Photographs of Lake Maitland sites RLM11 (a-c) and RLM12 (d-f). 

 

RLM11 (a-c): Channel site, near fence line.

Riparian zone consists of low-lying dunes,

with Tecticornia plants.

RLM12 (d-e): Playa site, surrounded by

Tecticornia .

(a)

(f)(e)

(d)

(c)(b)
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Plate 10:  Photographs of Lake Maitland sites RLM13 (a-c) and RLM14 (d-f). 

  

RLM13 (a-c): Playa site, surrounded by

low-lying dunes covered in Tecticornia.

RLM14 (d-f): Playa site, with riparian zone

comprising low-lying dunes with

Tecticornia.

(a)

(f)(e)

(d)

(b) (c)
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Plate 11:  Photographs of Lake Maitland sites RLM15 (a-c) and RLM16 (d-f). 

  

RLM15 (a-c): Channel site with Tecticornia

present on low-lying surrounding dunes.

RLM16 (d-f): Playa site, with Tecticornia

plants covering dune systems.

(a)

(f)(e)

(d)

(b) (c)
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Plate 12:  Photographs of Lake Maitland site RLM17 (a-c). 

  

RLM17 (a-c): Playa site that opens onto channel.

Riparian zone consists of Tecticornia plants on

low-lying sandy dunes.

(a)

(b) (c)
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APPENDIX B 

ANZECC Interim Sediment Quality Guidelines (ISQG-High) Values 
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ANZECC ISQG-High values are concentrations above which adverse biological effects are 

expected to occur more frequently in aquatic ecosystems (ANZECC 2000). 

 

NB: Only parameters for which ISQG-High values have been derived are presented. 

 

Parameters ISQG-High Value (mg/kg)

Antimony 25

Arsenic 70

Cadmium 10

Chromium 370

Copper 270

Lead 220

Mercury 1

Nickel 52

Silver 3.7

Zinc 410
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APPENDIX C 

Lake Maitland Sediment Data (2007-2008) 
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Basic parameters analysed from the sediments of Lake Maitland, May 2007.  All values in mg/kg unless stated otherwise. 

Parameters 

North-West Arm 
Main Lake 
(Resource) 

Southern Area 

RLM1 RLM2 RLM3 RLM4 RLM16 RLM17 RLM5 RLM6 RLM7 RLM8 RLM9 RLM10 RLM11 RLM12 RLM13 RLM14 RLM15 

pH (unit) 8.2 8.3 8.2 8.6 8.5 8.8 8.4 8.6 8.6 8.2 8 8.5 8.1 8.5 8.6 8.4 8.4 

Electrical Conductivity (µS/cm) 2830 2770 5670 7780 25600 36200 7630 38700 32300 19700 21000 20000 46100 36900 42300 30100 37800 

Total Soluble Salts 9200 9000 18400 25300 83200 118000 24800 126000 105000 64000 68200 65000 150000 120000 137000 97800 123000 

Moisture Content (%) 6.2 11.2 3 3 24 26.7 4.9 10.8 23.2 15.1 17 13.2 38.8 33.1 34.1 27.6 31.6 

Chloride 420 720 10200 12500 48100 63200 8280 70200 58100 33900 33800 32000 129000 74300 93700 57800 78900 

Sulphate 8300 8500 660 460 28900 59900 12600 26600 42500 20200 23700 23800 60600 71600 74600 42600 51400 

Bicarbonate 7 8 2 4 7 14 76 15 11 4 5 6 14 17 17 8 17 

Carbonate <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Sodium 370 880 8720 11300 30700 38600 2610 25500 30300 21700 19800 18600 83900 67800 73000 52000 72200 

Calcium 45400 180000 3050 75000 154000 138000 28200 94800 245000 83500 173000 81100 90400 232000 219000 214000 170000 

Magnesium 59300 32800 28800 46600 44800 48800 78300 11100 9480 5770 10000 4260 22300 8110 15600 11400 21000 

Potassium 880 900 2320 1740 3290 5420 1350 2900 3460 2020 2550 2330 8510 6790 8520 4520 6410 

Total Nitrogen 220 350 360 490 450 540 270 520 290 60 260 1210 1560 520 550 450 1240 

Nitrite <0.100 <0.100 <0.100 0.103 <0.100 0.109 0.578 0.112 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 0.11 

Nitrate 1.44 1.19 28.7 70.4 32.3 22.4 13.4 8.1 0.775 <0.100 0.229 0.242 <0.100 4.75 1.85 0.111 <0.100 

Nitrite and Nitrate 1.44 1.19 28.7 70.5 32.3 22.5 14 8.22 0.775 <0.100 0.229 0.242 <0.100 4.75 1.85 0.111 <0.100 

Total Phosphorus 90 90 77 80 91 122 78 102 116 41 87 55 264 109 176 100 273 

Total Organic Carbon (%) <0.5 <0.5 <0.5 0.6 1.9 2.5 0.6 1.4 2.3 <0.5 0.6 1.8 4.2 2.7 3.1 2.6 3.2 
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Basic parameters analysed from the sediments of Lake Maitland, December 2008.  All values in mg/kg unless stated otherwise. 

Parameters 

North-West Arm 
Main Lake 
(Resource) 

Southern Area 

RLM1 RLM2 RLM3 RLM4 RLM16 RLM17 RLM5 RLM6 RLM7 RLM8 RLM9 RML10 RLM11 RLM12 RLM13 RLM14 RLM15 

pH (unit) 8.6 8.6 8.6 8.7 8.7 8.7 8.9 8.4 8.7 8.4 8.4 8.7 8.2 8.9 8.9 8.3 8.5 

Electrical Conductivity (µS/cm) 7110 19200 11000 6580 18700 24600 17600 16500 15000 17000 33300 6010 19200 19100 25700 36600 19900 

Total Soluble Salts 23100 62500 35600 21400 60700 79800 57400 53600 48700 55400 108000 19500 62500 62100 83600 119000 64500 

Moisture Content (%) 4.9 16.7 3.8 1.8 19.6 22.4 5.3 12.7 17.6 17.4 15.7 4 19.1 18.3 24.1 18.2 23.7 

Chloride 4,720 29800 15800 10100 30800 37000 26200 26300 19200 24900 54500 5880 29200 29200 43900 57200 34500 

Sulphate 13200 24900 3500 540 27600 41200 21400 17800 20400 23500 44100 11200 29800 25500 43600 45800 32700 

Bicarbonate 45 48 23 34 22 34 49 47 51 26 30 17 23 20 25 27 33 

Carbonate <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Sodium 3670 18,700 9220 5440 19200 28800 17600 16700 13300 16000 29400 3040 20500 19300 31900 35700 21800 

Calcium 3550 4790 740 360 5130 5240 4260 5280 3990 4690 3560 3410 4870 4910 4890 4240 5170 

Magnesium 290 2,620 140 320 1700 2440 830 280 550 1980 2990 420 2360 1310 2630 2190 2540 

Potassium 460 1,180 430 390 1640 3480 740 600 1,290 1370 4470 390 1720 2000 3890 4940 2320 

Total Nitrogen 20 130 90 180 240 210 90 70 90 60 80 70 80 70 140 90 150 

Nitrite 0.226 <0.100 0.111 0.293 <0.100 <0.100 0.145 <0.100 <0.100 <0.100 0.119 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 

Nitrate 22.0 38.7 18.6 73.2 30.1 24.2 7.3 1.1 5.7 1.8 11.4 3.9 2.4 6.3 6.7 5.4 7.6 

Nitrite and Nitrate 22.2 38.7 18.7 73.5 30.1 24.2 7.4 1.1 5.7 1.8 11.5 3.9 2.4 6.3 6.7 5.4 7.6 

Total Phosphorus <2 18 21 17 25 29 21 30 32 26 18 16 13 18 28 17 28 

Total Organic Carbon (%) 0.15 0.27 0.24 0.29 0.20 0.35 0.26 0.17 0.20 0.19 0.17 0.11 0.16 0.09 0.38 0.21 0.24 
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Metals and metalloids analysed from the sediments of Lake Maitland, May 2007.  All values are presented in mg/kg. 

Parameters 
North-West Arm 

Main Lake 
(Resource) 

Southern Area 

RLM1 RLM2 RLM3 RLM4 RLM16 RLM17 RLM5 RLM6 RLM7 RLM8 RLM9 RLM10 RLM11 RLM12 RLM13 RLM14 RLM15 

Aluminium 7 7180 10400 9250 8630 11700 12700 3550 2170 1670 3240 1360 6520 2070 2620 2460 3220 

Antimony <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Arsenic 1.9 4.3 1.8 0.6 5.7 3 1 <0.5 <0.5 <0.5 <0.5 <0.5 0.6 <0.5 1.1 <0.5 <0.5 

Barium 27.4 7.9 9.8 26 63.9 3.1 24.2 3.8 1 1.5 4.2 3 3.3 1.5 2 1.2 2.1 

Boron 130 130 80 60 350 400 190 80 100 50 70 50 210 160 270 140 240 

Cadmium <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Chromium 31.6 21.5 42.8 29.6 21.5 25.7 33.4 19 8.7 20.9 17.1 13.8 27.2 7.2 9.5 9.3 10.5 

Cobalt 2.9 1.9 2.4 2.4 1.9 2.5 2.5 1.1 0.8 0.7 1.4 1 4 1.5 1.6 1.3 1.4 

Copper 8.8 5.6 6.8 6.8 6.9 7.1 7.6 4.2 2.4 2.8 4.2 2.7 11 4.6 4.8 3.6 3.5 

Iron 11000 8350 13800 10100 8440 10200 10300 6270 4200 4400 5950 4780 17500 5700 6410 4970 6000 

Lead 3.9 2.1 4.1 3 1.6 1.6 3.2 1.1 0.7 1.1 0.9 0.8 4.7 2.4 1.7 1.2 1 

Manganese 92.6 129 133 70.4 92.9 104 95 46.6 43.8 24.5 40.2 33.9 104 185 297 75.8 103 

Mercury 0.2 1.0 <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 

Nickel 8.1 4.1 6.4 6.1 4.5 6 8 3.4 1.3 1.5 2.3 2.1 8.2 2 2.8 2 3.3 

Selenium <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1 <1 2 <1 <1 

Silver <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Strontium 128 721 39.4 195 4360 721 196 593 895 478 592 443 680 1220 1400 1100 1300 

Tellurium <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Thorium 2.4 1.8 3 2 1.6 2.2 2.6 1.3 <0.5 1.1 1.3 0.9 3.3 1 1.4 0.8 1 

Tin <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Tungsten <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Uranium 1.3 26.8 3.3 2.1 32.8 33 3.4 9.2 10.2 4.7 6.2 2.8 44.8 24.2 27 18.3 27 

Zinc 18.2 15.4 18.6 12.4 15.4 18.6 17.7 14.1 6.8 5 9.4 5.5 23.3 7.6 8.2 7 9.6 
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Metals and metalloids analysed from the sediments of Lake Maitland, December 2008.  All values are presented in mg/kg.  WAD Cyanide 

represents Weak Acid Dissociable Cyanide.   

Parameters 
North-West Arm 

Main Lake 
(Resource) 

Southern Area 

RLM1 RLM2 RLM3 RLM4 RLM16 RLM17 RLM5 RLM6 RLM7 RLM8 RLM9 RML10 RLM11 RLM12 RLM13 RLM14 RLM15 

Aluminium 14800 11600 15800 8930 7240 11600 13600 8490 3250 3460 3470 2050 2940 1760 4870 3850 4700 

Antimony <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 

Arsenic <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 

Barium 20 <10 <10 20 <10 <10 20 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

Boron 210 290 140 60 310 400 210 110 110 100 120 90 110 100 180 120 160 

Cadmium <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Chromium 34 27 49 36 18 22 30 32 14 21 16 15 17 8 16 12 16 

Cobalt 2 <2 2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 

Copper 8 6 8 6 <5 7 7 7 <5 <5 <5 <5 <5 <5 6 <5 <5 

Iron 9280 9500 15200 7900 5600 8090 8090 10400 4040 4730 4800 4460 4520 2240 6770 4570 5650 

Lead <5 <5 5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 

Manganese 92 189 193 67 61 95 87 138 56 35 34 50 26 30 89 49 55 

Mercury <0.1 0.5 <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 

Nickel 7 5 7 5 4 5 6 5 2 3 2 2 2 <2 4 3 3 

Selenium <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 

Silica 50 23 48 25 25 30 23 85 45 33 42 27 69 37 28 66 43 

Silicon 24 11 22 12 12 14 10 40 21 16 20 13 32 17 13 30 20 

Silver <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 

Strontium 188 448 41 151 1,250 863 258 452 1,100 842 920 508 741 579 938 805 1,040 

Sulphur 4390 8290 1160 180 9200 13700 7120 5950 6790 7820 14700 3720 9930 8500 14500 15300 10900 

Tellurium <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Thallium <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 

Thorium 2.8 3 4.8 2.3 1.8 2.6 2.9 3.4 1.2 1.6 1.8 1.4 1.8 0.5 3.1 1.3 2 

Tin <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 

Uranium 1.4 9.8 5.2 1.7 35 37.4 3.2 3.8 8.4 7 5.8 4.9 4 5 15.1 8.7 12.7 

WAD Cyanide <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

Zinc 11 12 19 7 6 10 9 12 <5 <5 5 <5 <5 <5 7 5 7 
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APPENDIX D 

Lake Maitland Diatom Data (2007 and 2008) 
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Diatom Data: May 2007 

 

NB: Those sites that did not contain diatoms are not presented. 

 

Diatom Data: December 2008 

 

NB: Those sites that did not contain diatoms are not presented. 

Taxa RLM2 RLM4 RLM7 RLM8 RLM9 RLM10 RLM11 RLM12 RLM13 RLM14 RLM15 RLM16 RLM17

Amphora coffeaeformis 1 1

Hantzschia amphioxys

Hantzschia sp. aff. baltica 2 18 31 4 26 19 3 46 21 1 22

Luticola mutica 1

Navicula sp. aff. incertata 4 2 74 81 6 2 13

Navicula sp. aff. incertata  var. 1 4 94

Pinnularia borealis 2

Abundance 1 2 2 22 35 100 100 100 9 48 36 3 22

Diversity 1 1 1 2 2 3 2 2 2 2 4 3 1

Taxa RLM4 RLM7 RLM8 RLM9 RLM11 RLM14

Hantzschia amphioxys 42

Hantzschia sp. aff. baltica 5 1

Luticola mutica 15 1 1 1 1

Navicula sp. aff. incertata 3

Pinnularia borealis 3

Abundance 60 1 6 1 4 1

Diversity 3 1 2 1 2 1
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APPENDIX E 

Lake Maitland Diatom Abundances: Re-wetting Trials Data 
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RLM1 RLM2 RLM3 RLM4 RLM16 RLM17 RLM5 RLM6 RLM7 RLM8 RLM9 RLM10 RLM12 RLM13 RLM11 RLM14 RLM15

Amphora coffeaeformis 3 1

Hantzschia sp. aff. baltica 5 100 100 100

Luticola mutica 1

Navicula sp. aff. incertata 2

Abundance 0 0 0 1 0 0 0 0 3 5 100 0 0 0 3 100 100

Diversity 0 0 0 1 0 0 0 0 1 1 1 0 0 0 2 1 1

Taxa
North-West Arm Main Lake (Resource) Southern Area


