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EXECUTIVE SUMMARY  

INTRODUCTION 

This report presents outcomes of a field investigation study and impact assessment on the 

wetlands and groundwater dependent ecosystems (GDE) within the Bibra Lake wetland 

system, within which part of the proposed Roe Extension project is situated. The proposed 

Roe Highway extension is approximately five kilometres linking the Freeway to Stock Road. 

The current alignment of the Roe Highway extension is within an existing Perth Metropolitan 

Region Scheme (MRS) boundary that runs east west between Stock Road and Kwinana 

Freeway, and between North and Bibra Lakes. 

The study was undertaken in three phases as follows:  

1. An initial desktop study to synthesise the known information on wetlands and GDE and 

identify gaps (PHASE 1 REPORT). 

2. A field investigation which included a drilling investigation to inform a detailed 

understanding of wetland values and functions and covering stratigraphy, hydrology, 

hydrochemistry and vegetation studies (THIS REPORT). 

3. An impact assessment based on the results of the above studies to date (THIS 

REPORT). 

The desktop study reported on known regional and local scale information on wetland values 

and function, and identified a number of gaps, particularly related to an understanding of 

intrabasinal processes including hydrological linkages, the type and extent of groundwater 

dependent vegetation and ecosystems (GDE) and the relationship between vegetation 

communities and local hydrolology and stratigraphy. This current report details the findings of 

a number of site investigations intended to fill information gaps, where possible. Because 

there were a number of access constraints during the period of this investigation 

(predominantly due to pending approvals within Aboriginal Heritage areas), not all of these 

gaps could be addressed within the study timeframe. 

  



 

 

syrinx environmental pl/vcsrg January 2011   xii 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

OUTCOMES OF SITE INVESTIGATIONS 

Stratigraphy, Hydrology, Hydrochemistry of the Wetland System 

The baseline drilling investigative programme was designed to collect detailed geological, 

stratigraphical and hydrological data at the regional, (some) local and (and some specific) 

intrabasinal scales. This data was needed in order to fill the gaps in the knowledge base and 

to provide sufficient understanding of the roles in wetland ecology that geology, stratigraphy 

and hydrology play. 

For sediments, the drilling project demonstrated that: 

 The Bassendean Sand contains distinct texturally diverse lithological layers that will have 

varying aquifer properties. Vertical and lateral movement of groundwater causes a range of 

diagenetic effects and overprints which alter the sediment properties, and cause minor to 

major perturbations in water flows, potential perching, and water residency times. 

  Where investigated, the sedimentary fills within wetlands have a layered stratigraphy of 

sediments of different composition, fabrics and textures. They are composed of sponge 

spicules, diatoms, phytoliths, kaolin clay, quartz silt, very coarse to fine quartz sand and 

organic matter. These sediments have variable and diverse properties of transmissivity, 

water retention capacity, and hydraulic conductivity which maintain the wetland functions 

and the groundwater dependent ecosystems.  

 In addition, there are buried wetland sediments that still function hydrogeologically (though 

not ecologically) as wetlands with shallow water tables. In some locations, the presence of 

isolated lenses of muddy sand suggests palaeochannels in the subsurface. In the 

impoundment zone (i.e. the zone of the Spearwood Dunes), the occurrence of limestone 

lenses, of varying thickness, randomly interspersed with buried soil horizons and yellow 

sand layers, cannot be predicted with any certainty on the present spacing of drilling 

patterns. 

For groundwater, the drilling project demonstrated that: 

 There were differences in timing and amounts of recharge after rain at the sites. 

 Groundwater flows are not necessarily homogeneous in gradient across the area, with some 

areas exhibiting groundwater flow more rapidly than others. 

 The wetlands play a major role in determining the direction and rate of groundwater flows. 



 

 

syrinx environmental pl/vcsrg January 2011   xiii 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

 Diagenetic alteration of sediment in wetland margins has resulted in distinct water bodies at 

these sites, accessible to plants at different times of the year and for different lengths of 

time. 

 Various hydrological processes are operating within the wetlands (surface water perching, 

subsurface water perching, unimpeded groundwater rise, retarded groundwater rise and 

groundwater upwelling). 

 Groundwater flows in upland areas adjacent to wetlands can be directed against the regional 

gradient in the short term, under various rainfall conditions, and at different times during the 

year, maintaining conditions within the wetlands and making water available to plants. 

Sediments, wetlands and groundwater are strongly inter-connected, in combination influencing 

geochemistry, hydrochemistry and plant responses.  Wetlands play a role in the diagenetic 

alteration of adjoining sediments by generating hydrochemical plumes that interact with the 

sediments. Seasonal groundwater fluctuations trigger cementation and alteration of sediments 

and geochemistry. Bleaching of sediments is related to throughflow, local impedance, rapid 

infiltration and leaching by groundwater. Wetlands also act as discharge basins for 

groundwater and perturbate the east west flow of the regional groundwater and cause variable 

rates of groundwater flow around them between maximum and minimum water level positions. 

The Quaternary stratigraphy, under the Bassendean Dunes and Spearwood Dunes and the 

wetlands, is vertically and laterally complex, which is reflected in the geochemistry and 

hydrochemistry of the underlying materials.  The complexity is not in the sense of variable 

lithology and stratigraphic relationships as occurs, for example, in an active delta-mouth 

system, where sands, shelly sands, muddy sands, muds and shelly muds may be interlayered, 

interdigitating, lenticular and channelled, but complex in the sense of small scale variation 

within a few relatively simple lithostratigraphic units.  This variability is a determinant of plant 

assemblage composition, in that chemistry and nutrient and water retention of soils and 

subsurface lithologic units influence which species survive or become dominant in given 

habitats.  In response to a vertically and laterally lithological, geochemical, hydrochemical, and 

hydrological complex system, the native upland vegetation of the Bibra Lakes area is rich and 

varied, floristically, and structurally. Thus, heterogeneity of the stratigraphy results in 

heterogeneity of the micro-hydrologic processes, in the variability of plant communities and, 

hence, heterogeneity in overall biodiversity. 

Groundwater Dependent Ecosystems & Species 

GDE investigations identified a total of 23 broad GDE communities during the study. Within 

these broader communities 70 sub-communities were identified, representing a highly complex 

system of groundwater dependent species. The large number of sub-communities reflects 
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differing associations of GDE indicator species in response to differing underlying stratigraphic 

and hydrological patterns.  A number of GDE indicator species were not restricted to particular 

positions within the landscape and were found at varying depths to groundwater, making it 

difficult to identify the degree of dependency of species on groundwater. 

The majority of the upland vegetation was dominated by the broad GDE communities of 

Banksia woodlands and Eucalyptus rudis tall woodland over mixed woodlands, however the 

latter broad community contained several sub-communities within wetland areas. The wetland 

areas also consisted of several broad communities; communities of tall closed scrub, closed 

sedgelands and closed forests were common and this complexity has been reflected in the 

mapping.  

One GDE community was a restricted community of Eucalyptus gomphocephala which is 

commonly found along the limestone belt on the coastal plain and may represent an outlying 

population. This population was associated with the presence of limestone and calcrete. 

The GDE indicator species identified during this study are known to exhibit a range of 

physiological changes to water availability. This adds to the complexity of assessing the 

impact of hydrological change. 

Residual Data Gaps 

Because of access constraints to the study site, there are areas where data gaps have not 

been filled during this PER investigation phase, some of which are critical to the 

understanding of hydrology in this area, specifically to determine how the wetlands are 

maintained and how the wetlands relate to hydrological flow. Whereas the hydrological 

patterns in the zone of delivery and in the zone of impoundment (Bassendean Sand aquifer 

and Tamala Limestone aquifer, respectively) are relatively complex in their own right and 

make hydrological predictions difficult, of more significance is the fact that there is almost a 

complete lack of data along the interface between these two zones hydrologically, i.e. the 

chain of wetlands and their sedimentary fill.  This is a major problem in providing robust 

impact assessment and sustainable management options, hydrologically and ecologically.  

The residual data gaps include: 

 The thickness of the fills in the major wetland basins, North Lake, Horse Paddock Swamp, 

Bibra Lake, Lower Swamp, and Roe Swamp. 

 The lateral extent of their buried wetland sediments. 

 The behaviour of groundwater at the wetland margins of North Lake, Horse Paddock Swamp 

and Bibra Lake. 
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 The stratigraphic and hydrologic relationship between the three north/south wetland basins, 

 The contact zone between North Lake, Horse Paddock Swamp, Bibra Lake and the 

limestone ridge. 

 Groundwater levels and the relationships between wetland water levels under conditions of 

high rainfall. 

 The full list of water-dependency relationships for the species present. 

As a result of these unanswered questions, it was not possible to construct a detailed 

hydrological model for the site/project, even though one of the original objectives of the drilling 

project was to provide stratigraphical and hydrological information at the local and intrabasinal 

scale for such an objective. 

POTENTIAL IMPACTS & MITIGATION 

Bibra Lakes is one of the wetlands comprising the Bibra Lake system; the system in this chain 

is the most complicated part of the wetland chain, composed of a complex of basins, former 

buried basins and stranded basins, a merging of extant and ancient basins, and low-relief 

channels inflowing from the Bassendean Dunes.  

The Bibra wetland system has been shown in these studies to have significant local and 

intrabasinal features (stratigraphy, hydrology and geochemical) that are manifested by 

variable hydrological flow paths (contrary to simple regional flow direction of east - west 

across site), perched water tables and GDE communities This variability, which on the one 

hand underpins the values and functions of a wetland system, on the other hand it creates 

difficulties in being able to predict impacts likely to be encountered by the Roe Highway 

Extension. 

Significant outcomes of the site investigation phase of the project include a clear link between 

the boundaries of GDE communities (and underlying stratigraphic and hydrological profiles). 

These have been verified, however these specific correlations have not been validated 

through the full extent of the MRS boundary due to lack of drilling access within areas listed as 

having Aboriginal Heritage values. Nonetheless GDE boundaries provide a reasonable 

surrogate to the underlying stratigraphic/ hydrological (as a result of wetland function) 

enabling calculations of the likely extent of impacts for most areas. Therefore vegetation 

boundaries were individually assessed to calculate the combined individual extent of impact.    
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Wetland Impacts 

Drilling investigations demonstrated a number of key stratigraphic and hydrologic factors that 

influence the type and extent of impacts expected due to the Roe Extension project along the 

current alignment. The key factors are as follows: 

 There is a wetland north of Roe Swamp which is predominantly a dampland with some 

depressions which are seasonally inundated to a shallow depth of < 20 cm.  The prevailing 

conditions are seasonality and waterlogging. This wetland will have sediments impacted by 

cut, filling, or via pylons cemented into them. 

 Water tables in this wetland are close to the surface (< 2.5 m) at some sites within the 

alignment sites year round, and will be vulnerable to impedance due to buried structures. 

 There is considerable groundwater throughflow towards the wetland and away from it.  This 

throughflow has not been quantified, but its extent and flow interval are identifiable through 

its diagenetic effects on the sediments. 

 The hill to the west of this wetland acts as both a recharge and discharge site depending on 

water table conditions, moderating water flows into and from the wetland. 

 There is groundwater flow between Roe Swamp and North Lake, which will be intersected 

by the proposed extension of Roe Highway.  This is likely to result in decreasing annual and 

seasonal flows to North Lake.  It is also directly placed to intersect and disrupt the local 

groundwater flows at some sites.  

Potential wetland impacts are summarised as: 

 Potential to change the type of wetland from either dampland to sumpland or from dampland 

to dryland, depending on how water on and under the bridge is managed. 

 Fragmentation of wetland hydrologically and ecologically. 

 Severance of ecological and hydrological connection between Roe Swamp and the northern 

wetland (dampland). 

 Severance of ecological and hydrological connection between wetland habitat and 

surrounding upland. 

 Some disruption of throughflow from Roe Swamp to North Lake. 

 Further loss of wetland habitat. 
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GDE Impacts 

Preliminary assessment indicates a total of 11.71ha of GDE sub communities will be directly 

impacted due to the Roe Extension project, which represents 3.3% of all GDE sub 

communities within the study area. The clearing directly impacts 23 GDE sub communities 

representing 33% of GDE sub communities present in the study area. 

Whilst direct impacts are relatively minor, a total of 90.65ha may be indirectly impacted due to 

undetermined hydrological changes.  46 GDE sub communities may be impacted representing 

66% of GDE sub communities present in the study area. 

The total area of direct and indirect impacts on GDE sub – communities and wetland values 

and function is 102.36ha. Note, this excludes distal impacts on hydrological flows due to the 

currently unquantifiable links between certain stratigraphical features. 

Significant impacts include: 

 Development within the wetland buffer; 

 Loss of 7.39 ha of Conservation Category Wetlands (CCW) wetlands; 

 The most significant population of Baumea rubiginosa (Soft Twig Sedge) within the study 

area will be partially cleared and completely covered by the proposed bridge; 

 Fragmentation of the only remaining areas of regionally significant Banksia Woodland in very 

good condition in the Beeliar wetland chain; 

 Weed incursion into Banksia Woodland resulting in decline of condition; 

 Fracturing or penetration of shallow aquitard features, such as calcrete, ferricrete or clay 

layers which can result in the severing of local water flow patterns; and 

 Loss of deep rooted phreatophytes such as Corymbia calophylla. 

Possible impacts may also occur beyond the buffers of the construction footprint.  Studies into 

the ecological water requirements of GDE indicator species are limited and as such 

determining likely impacts due to decline in the water table is restricted.  Shallow rooted 

species have been identified as more susceptible to a change in the groundwater levels. 

During this study eight GDE species were identified as having a high susceptibility to future 

water regime changes (e.g. Banksia ilicifolia). 
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PART 1  BACKGROUND 

1.0 INTRODUCTION 

South Metro Connect (SMC) is a partnership project delivery between Main Roads WA 

(MRWA) and AECOM Australia Pty Ltd for the purpose of developing the Roe Hwy Extension 

project in Perth to commencement of construction. The Roe Hwy Extension project is 

considered to be an important link in Perth’s Primary Regional Road network and was 

originally designed to connect Fremantle Port with various industrial areas and major transport 

corridors, as well as to channel large volumes of traffic, particularly road freight from local 

roads of inner suburbs. Currently Roe Hwy terminates at Kwinana Freeway. The proposed 

extension is approximately five kilometres linking the Freeway to Stock Road.  

1.1 PROJECT HISTORY 

Roe Highway was originally planned to form part of Perth’s strategic ring road network that 

allows north-south traffic to bypass the Perth CBD and inner suburbs. In 1963, the alignment 

for the proposed project was set aside as a Controlled Access Highway in the MRS. The 

highway was originally designed to connect Fremantle Port with various industrial areas and 

major transport corridors. 

Early reviews of the feasibility of constructing Roe Highway Stage 8 were done as part of a 

number of reviews between 1963 and 2009.  These have been summarised in the Draft 

Environmental Scoping Document (ESD) prepared by SMConnect (2010). Several of these 

studies made specific recommendations related to the environmental sensitivity of the site and 

the need to more thoroughly investigate potential impacts, particularly on the wetland ecology 

(VCSRG, 1988).   

Roe Highway (Stage 7) was completed in 2006 and presently terminates at Kwinana Freeway. 

Subsequently, the Roe Highway Strategic Review concluded that the proposed project is now 

required due to existing inadequate transport infrastructure to support present and future 

development. The study supported the MRS alignment (GHD and Meyrick 2009). In August 

2009, the Minister for Transport announced the creation of SMC to manage the environmental 

and other approvals, concept design and community engagement processes for the proposed 

project. In 2009, the proposal was referred to both the EPA and DEWHA; thereafter the 

Bilateral Agreement was enacted. The EPA has set the level of assessment for the proposal at 

PER. DEWHA has classified the project as a ‘controlled action’ under the Commonwealth 

Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), requiring 

approval by the Minister for the Environment, Water, Heritage and the Arts. 
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1.2 CURRENT PROJECT 

The current alignment of the Roe Highway extension is within an existing Perth Metropolitan 

Region Scheme (MRS) boundary that runs east west between Stock Road and Kwinana 

Freeway, and between North and Bibra Lakes (Figure 1) and will pass close to Roe Swamp 

and associated wetland systems. The central portion consists of parklands, wetlands and 

vegetated open space of the Beeliar Regional Park, which have combined environmental, 

social, cultural and recreation values. The Beeliar Regional Park comprises of 19 

lakes/wetlands, known as the Bibra Suite wetlands, of which some are Internationally, 

Nationally and State protected. Many are important birding sites. 

 

Figure 1 Location of Project Area 

  



 

 

syrinx environmental pl/vcsrg January 2011   3 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

The environmental and conservation values of the Beeliar Regional Park as a whole have 

been acknowledged in Bush Forever (EPA 1998), the National Trust’s List of Classified 

Heritage places and the Interim List of the Register of the National Estate. The Bibra Suite 

wetlands are one of the most important remaining wetland systems on the Swan Coastal Plain 

due to its rich diversity and complexity of ecosystems (CALM, 2006a). Individual components 

of the Park have been identified as having important ecological values, namely, the 

conservation wetlands, vegetation communities and faunal populations, and cultural values, 

pertaining to Aboriginal heritage and education and research. 

2.0 THIS STUDY 

The focus of this study is on evaluating wetland values and functions within the regional and 

local scale settings, in order to determine and evaluate impacts of a proposed road or other 

linkage within the MRS alignment and adjacent government owned land. The focus area for 

the investigations incorporates both Bibra Lake and North Lake and surrounds (i.e. the broad 

project area that may be impacted by the proposed alignment), since these are linked systems 

with high environmental, community, recreational and amenity values (Figure 2). 

The core objective of this study is to provide a sound understanding of the holistic ecology of 

the wetland system (geology, stratigraphy, hydrology, hydrochemistry, vegetation). With the 

addition of information on groundwater dependent ecosystems, this information is used to 

determine the fundamental mechanisms and processes operating in the wetland system and 

between it and its immediate surrounds. This information is to serve as the platform for 

planning the key stages of work so that the least impact options for alignment routes, road 

design and long term management may be implemented. 

In conjunction with other related studies being undertaken by others (e.g. fauna, vegetation) 

this study is to assist with addressing the following specific objectives: 

 To understand the wetland system in terms of function and conservation values. 

 To understand the tolerances of the system and individual components to changes likely to 

be associated with the road construction and day to day use. 

 To determine high and low risk areas and issues. 

 To determine if there are project ‘fatal flaws’ based on unacceptable environmental risks. 

 To assess possible impacts on wetland values and functions associated with the proposed 

alignment route and road design and identify management options.  
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Figure 2 Boundary of wetland and GDE study area 
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2.1 REPORT STRUCTURE 

This report is structured as follows: 

PART 1: BACKGROUND TO STUDY 

PART 2: WETLAND INVESTIGATIONS – STRATIGRAPHY & HYDROLOGY 

PART 3: GROUNDWATER DEPENDENT VEGETATION INVESTIGATIONS 

PART 4: POTENTIAL IMPACTS ON WETLANDS & GDE COMMUNITIES 
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PART 2: WETLAND INVESTIGATIONS -  

STRATIGRAPHY & HYDROLOGY  

3.0 INTRODUCTION 

The SMC project is subject to a Public Environmental Review (PER) by the Environmental 

Protection Authority (EPA) of Western Australia.  As part of that PER, V & C Semeniuk 

Research Group were commissioned to provide a technical report on the sedimentary 

structure, stratigraphy, wetland hydrology and groundwater hydrology of the Bibra Lakes 

System.  The core of the technical report was a drilling programme to be undertaken in order 

to provide baseline information for ecologists, engineers and modellers.  These original 

investigations were augmented by a monitoring programme involving monthly measurements 

of water levels and collection of water samples.  This section of this report presents the 

findings of these investigations. 

A review of the hydrological framework is described in the Part 1 Report – Desktop 

Investigations (Syrinx/VCSRG Jan 2011) and is briefly revisited here to provide context to the 

investigative study. Readers are referred to the Desktop report for detailed description and 

references to support this synthesis.  

The Project Area is situated within the dual frameworks of a hydrological system of east to 

west regional groundwater flow from the Darling Scarp to the ocean, (reflected in a general 

progressive falling of water table contours from east to west), and a stratigraphic system, that 

is composed of a transmissive Bassendean Sand in the eastern area adjoining a less 

transmissive limestone terrain in the western area.  The Project Area can therefore be 

subdivided into three hydrological zones (Figure 3): 

1. An eastern zone underlain by relatively simple stratigraphy of the quartzose 

Bassendean Sand (underlying the Bassendean Dunes), where the groundwater 

generally is unconfined, with water table contours gently inclined to the west and 

generally discharging to the west; termed the "delivery  zone", because groundwater is 

delivered to the Project Area via the Bassendean Sand under relatively transmissive 

conditions; the groundwater in the eastern "delivery zone" has hydrochemistry 

reflective of its Bassendean Sand provenance. 

2. A western zone underlain by a more complex stratigraphy of ridges (prisms and 

shoestrings), sheets, tongues and lenses of Tamala Limestone, with overlying and 

underlying sheets and lenses of quartz sand (all comprising  the Spearwood Dunes), 
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where the groundwater is mostly unconfined, with water table contours variably 

inclined to the west and generally discharging to the west, but possibly locally 

discharging to the east into the central wetland zone;  this is termed the "impoundment 

zone", because groundwater delivered from the Bassendean Sand is relatively 

impounded by the less transmissive limestone;  the degree of impoundment is variable 

in an east-west and north-south direction, because of the complex stratigraphy of 

limestone, ridges, sheets, tongues and lenses and their geometrical and lithological 

association with the more transmissive quartz sand that occurs within the belt of 

Spearwood Dunes; since the groundwater in this zone has three sources, viz., rainfall 

recharge, discharge from the east that has passed though the wetlands zone, and 

groundwater from the Bassendean Sand, the western  "impoundment zone" has 

complex hydrochemistry reflective of its limestone and quartz sand local provenance, 

as well as that which has been delivered from the central wetland zone, and 

Bassendean Sand. 

3. A north-south trending central wetland zone, where the impoundment of discharging 

groundwater has locally raised the regional water table so that it may locally intersect 

the land surface to form wetlands in the lowland basins; these wetland basins have 

filled with a variety of sedimentary materials such that along the central zone there are 

lenses and saucers of peat, clay, diatomite, and sand, and interlayered sequences of 

these sediments; these wetland deposits act to retard and locally partially confine the 

groundwater, resulting in complex hydrological patterns; the groundwater in the central 

wetland has a natural hydrochemistry reflective of its adjoining Bassendean Sand 

derivation, but also reflects the local affects of hydrochemical interaction with wetland 

sediments. 

Throughout this report, since the “delivery zone” = the Bassendean Sand of the Bassendean 

Dunes, the “impoundment zone” = the Spearwood Dunes underlain by limestone and quartz 

sand, and the “wetland zone” = the chain of wetlands and adjoining basins and channel ways, 

underlain by wetland sediments, there may be interchange of terms, i.e. the delivery zone may 

be referred at times as the Bassendean Sand or as the delivery zone, and similarly the 

impoundment zone may be referred at times as the Spearwood Dunes, or the zone of 

limestone and sand. 

As a result of these three zones, the groundwater flows in the Project Area are not simple. 

There are through-flows, impoundments, confinements, and local subsurface channelled flow. 
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3.1 PURPOSE OF DRILLING PROGRAMME 

The objectives for the drilling project were threefold: 

1. The first objective was simply an investigative one in which the full suite of lithologies 

could be identified, described and precisely located, the thickness and nature of the 

stratigraphic sequences exposed and documented, and any stratigraphic or lithologic 

anomalies identified which might have an effect on any proposed engineering works. 

2. The second objective was to clarify the relationships between sediments and hydrology 

at the regional scale in the zones of delivery and impoundment, at the local scale 

between the wetland basin fills and their surrounds, and between the wetlands, and at 

the intrabasinal scale, within the wetland substrates and underlying parent sands; 

3. The third objective was to attempt to identify the hydrological mechanisms that maintain 

the wetlands, drawing on the smaller scale lithologic and stratigraphic relationships 

within the three hydrological zones, and more specifically the lithologic and stratigraphic 

relationships of wetlands to their adjoining environment. 

In order to fill the gaps in the knowledge bases of geology, stratigraphy and hydrology, and in 

order to have sufficient understanding of the roles in wetland ecology that geology, 

stratigraphy and hydrology play, the baseline drilling investigative programme was designed to 

collect detailed geological, stratigraphical and hydrological data at the regional, (some) local 

and (and some specific) intrabasinal scales. 

The drilling in the Bassendean Sand was to characterise the nature of the hydrological 

delivery zone, and locally, to investigate some specific channel-ways that deliver groundwater 

to the west. The drilling in the zone of the Spearwood Dunes was to characterise the nature of 

the stratigraphic system (location of limestone lenses and yellow sand deposits) and to 

determine the extent to which these materials create zones of impoundment and/or through 

flow, or perturbate an east-to-west groundwater flow. From these data it was hoped to explain 

how, where and when wetlands in this zone are maintained by groundwater discharge from the 

"delivery zone", how the impoundment affects and maintains the wetlands, and to predict the 

consequences of altering the existing stratigraphy and consequent regional water flows by 

excavation and construction. 

At the local scale, sites were located in two situations: between the wetland basin fills and 

their surrounds, and on the wetland margins between the individual wetland basins of North 

Lake, Bibra Lake, Horse Paddock Swamp, Lower Swamp, Melaleuca Swamp, and Roe 

Swamp.   
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The specific tasks at these sites were:  

 To determine the full extent of any buried wetland system (since the buried margins of 

former wetlands will affect the peripheral  hydrological zone of modern wetlands, and 

potentially affect or perturbate any hydrological inflow). 

 To determine the impacts of ferricrete layers on local groundwater flows. 

 To determine the directions of groundwater flows and any hydrological linkages between 

basins. 

 To identify multiple groundwater systems (i.e. multiple fine scale aquifers). 

 To indicate the range and contrast in water chemistries of wetlands and aquifers.  From 

these data, it was hoped to be able to advise on adequate buffers and predict some of the 

consequences of interruption by engineering works to groundwater flow, or diversion of 

groundwater flows caused by the road construction. 

Drilling at the intrabasinal scale, in the central wetland zone was designed to describe the 

internal natural wetland hydrological (perching, retardation, throughflow) and hydrochemical 

functions, and to identify what are the essential geological and stratigraphical conditions for 

maintaining these wetlands. The overall objective of the drilling programme was to obtain 

information to avoid, rather than seek to mitigate or minimise, adverse hydrological impacts 

upon the wetlands. 

3.2 DESCRIPTION OF DRILLING PROGRAMME 

A total of 53 potential sites were proposed, located in a grid pattern along 7 equally spaced 

east west transects located north of Farrington Drive to Bibra Rd in the south (Figure 3). The 

sites included wetlands, uplands, and road verges, and a mix of landuses including public 

open space, naturally vegetated Aboriginal Heritage land, cleared Aboriginal Heritage land, 

residential areas and recreational sites.   

Twelve sites were not drilled owing to permits being withheld and these sites were generally 

located within and adjacent to the wetland basins themselves.  Of the 13 proposed sites within 

wetland basins, only 6 sites were completed, none of which were located in North Lake, Horse 

Paddock Swamp or Bibra Lake.  Three additional sites were drilled on Transect 2, north of 

Lower Swamp.  Regional scale information was obtained from approximately 20 sites selected 

to cover the north/south extent of the North Lake-Bibra wetlands, ten to the north and east, 

and ten on the western side.  Local scale information was collected from 17 of 18 proposed 
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sites, positioned around Melaleuca Swamp, Lower Swamp, Roe Swamp, and on the eastern 

side of North and Bibra Lakes. 

The resultant pattern exhibited large gaps in the proposed grid.  There was good coverage to 

the eastern side of Bibra and North Lakes in the delivery zone, adequate coverage in the north 

and south of the western impoundment zone, but significant gaps in the central part of the 

impoundment zone where the Roe Highway alignment is located, and poor coverage of the 

central wetland zone with sites only in Lower Swamp, Melaleuca Swamp, part of northern Roe 

Swamp, and Murdoch Swamp.  These “swamps”, however, are not the main wetlands in the 

area, and are subsidiary wetlands that feed into the main wetland chain. 

 

Figure 3 Proposed regional drilling site plan 
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4.0 METHODS 

4.1 DESKTOP PLANNING 

A desktop study was undertaken to determine potential sites from aerial photography with 

respect to the major variables: hydrological zones, stratigraphic diversity, and wetlands.  The 

sites were also plotted in a relatively intense and evenly spaced grid pattern along east/west 

and north/south transects for potential use in process modelling. 

4.2 FIELD RECONNAISSANCE & REFINING OF SITE LOCATIONS 

A field reconnaissance was undertaken to assess potential drilling sites.  During field 

reconnaissance, each of the selected sites were visited, and assessed as to specific location, 

safety of operation, security of piezometers, communal use, and access.  Safety of operation 

required consideration of proximity to the roads, distance from the drilling rig where personnel 

could work, and provision of buffers to noise and dust effects.  Safety of piezometers required 

planning to avoid destruction by cattle or lawn mowers, and vandalism of piezometers.  

Communal use required consultation with local government park officers about other users in 

the community.   

Access included several aspects: 

1. Land ownership and permission to drill and monitor for 10 months. 

2. The presence of tracks for vehicle use. 

3. Obtaining keys to gates. 

4.3 PERMISSIONS FOR ACCESS & CONDITIONS OF ENTRY 

Permission to enter sites was sought from private landowners, WAPC, Cities of Melville and 

Cockburn for parks and reserves, the Cockburn Wetlands Centre, Murdoch University, 

LandCorp, DIA, and DEC.  In some cases there were three levels of permits to obtain, e.g., 

from users, land managers and owners. 

“Dial-before-you-dig” was contacted in regard to all roadside locations, Murdoch University and 

local reserves.  In the follow up to this information specific utilities such as Telstra, Optus, 

Westnet, Western Power, WaterCorp, and others were contacted and conditions for drilling 

were obtained.  Specific sites were selected by using a professional locator with underground 
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radar to locate underground cables and networks, and then positioning the site beyond the 

regulatory distance from these networks.  Other conditions for property access included 

knowledge of site speed limits, ensuring vehicle wash downs prior to entry, and preservation 

of natural vegetation.  Induction courses were attended at Murdoch University by all drilling 

personnel and permission to remove soil samples was obtained from DEC.  Gate keys were 

obtained from private owners, DEC, City of Cockburn and City of Melville and gates were 

closed on entry and again on exit. 

4.4 DRILLING 

The drilling was undertaken using a truck-mounted reverse air coring rig (RAC rig) and support 

vehicle.  Forty three bores were drilled.  The bores were drilled to 2-3 metres below the 

position of the summer water table to allow for further groundwater falls over autumn.  Two 

replicate 30 ml sediment samples were collected every 50 cm and the lithologies and 

stratigraphy described with hand lens using grain-size standards during the drilling process, 

and later in the laboratory with binocular and petrographic microscopes using grain-size 

standards.  Where rock or hardpans were encountered, the thickness of these layers was 

recorded and samples of these were also collected and described in the field.  Limestone was 

determined on a preliminary basis in the field by hand lens and 10% HCl acid test. 

Because of the complex stratigraphy, and possibility of perched water, or confined water, 

some sites required the use of bentonite to seal off specific stratigraphic intervals for 

piezometric sampling.  In addition, some sites required installation of two piezometers: a 

shallow one above the hard pan, and a deep one to the water table.  In total, five sites were 

drilled with a shallow and deep piezometer, five sites in the limestone terrain required 

bentonite, and three sites located in ferricrete stratigraphy also required bentonite.  The sites 

that required bentonite, and those sites that had shallow and deep piezometers installed are 

listed below.  

 

Sites using bentonite Limestone: 1F, 6E, 5I, 1F(x), 1E 

Ferricrete: 2D, 6B, 5C 

Sites with deep & shallow piezometers 5G, 6B, 5C, 1E, 3A 
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4.5 INSTALLATION OF PIEZOMETERS 

A 20 mm diameter piezometer (PVC pipe) was installed in each borehole through the main 

bore pipe of the drilling rig.  The base of each piezometer was sealed and slotted over an 

interval of 20 cm and lowered down the main bore pipe.  With the PVC pipe in place down the 

drill hole, the annulus around the PVC pipe was back filled with quartz sand along this 20 cm 

lower interval.  Where possible the remainder of the annulus was backfilled with the original 

sediments to simulate the stratigraphy, with two exceptions.  Hardpan layers were simulated 

using bentonite at the level of the profile that the ferricrete occurred, and for the thickness of 

the interval over which the ferricrete naturally occurred (Figure 4).  Quartz sand was used 

instead of muddy sand in the upper levels to ensure the piezometer was adequately packed.  

Where hardpans were encountered in the stratigraphic profile, one piezometer was installed 

above the indurated layer and a second piezometer below the hardpan layer, effectively 

creating nested bores. 

 

 

Figure 4 Description of piezometer installation 
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4.6 HAND AUGERING 

One site was augered by hand because vehicle access would have resulted in loss of natural 

vegetation. The procedure for installation of piezometer and sediment sampling in this case 

followed the methods described above. 

4.7 SURVEYING 

All piezometer sites were geographically located with respect to co-ordinates using one of two 

methods.  Where possible, the position was taken from a central calibrated survey station set 

up in the area, and where trees or distance made signals impossible, a hand held GPS was 

used to record the position.  Relative height levels were surveyed in to AHD. 

4.8 SEDIMENT & ROCK DESCRIPTIONS 

The method for describing the sediments and soils in the Project Area involved 1) description 

of their thickness, colour, fabric and texture in the field, 2) description of grainsize and 

composition using binocular microscope, and 3) description of the mud content using 

petrographic microscope.  These techniques are described specifically for wetland sediments 

and dune sands in Semeniuk & Semeniuk (2004, 2006), and Semeniuk et al (2010). 

Colour was allocated to one of ten main types: white, cream, light grey, dark grey, pale yellow, 

yellow, orange, buff, brown, chocolate brown. 

Grainsize was visually determined by placing a portion of the material on a grain size card 

(with grain size standards) on which the following grainsizes examples are permanently 

adfixed: very coarse sand (1-2 mm grainsize), coarse sand (0.5-1 mm grainsize), medium 

sand (0.25-0.5 mm grainsize), fine sand (0.125-0.25 mm grainsize), very fine sand (0.063-

0.125 mm grainsize), and mud (<0.063 mm grainsize) according to the Udden-Wentworth 

scale (Folk 1974).  Mixtures of grainsizes were noted as follows, for example, medium and 

coarse sand, and medium sand with coarse and very coarse sand, or muddy sand, amongst 

others.  Since the content of mud was important to assessing whether there was a buried 

wetland, or some occurrence of wetland sediment (because on the Swan Coastal Plain, and in 

wetland regions, mud is generally only delivered to wetlands or generated within wetlands, 

and hence its occurrence is a signal to former wetland environments), the occurrence of mud 

and sand was noted as “muddy sand”.  In this Project, the term “muddy sand” was applied to 

sediments with a mud content that ranged from ~10% mud to ~50% mud (Figure 5). 
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Mud-sized components were placed under a petrographic polarising microscope to determine 

their composition.  The following grain types comprising mud, and their % could be determined 

(see Semeniuk & Semeniuk (2004): diatoms, phytoliths, organic matter, carbonate grains, 

sponge spicules, biogenic silica ~ 1 �m or less in size, quartz silt, kaolinite, goethite.  Some 

muds were further analysed by Scanning Electron Microscope (SEM) to identify fragmented 

grains and overall composition and to confirm the petrographic polarising microscope 

determinations. 

For fabric description, VCSRG describes sediments and soils using the graded range of fabric 

types of “grainstone” = sand; “packstone” = muddy sand; “wackestone” = sandy mud; and 

“mudstone” = mud (see Semeniuk et al 2010). 

  

Figure 5 Sediment fabric types 

Limestone is defined as sediment with > 50% CaCO3 (Bates & Jackson 1987).  For 

calcarenites (i.e. limestones composed of sand grains), as occurring on the Swan Coastal 

Plain, this translates to sediments now indurated to rock with > 50% CaCO3 (i.e. > 50% 

calcareous sand grains, as the cementing agents are usually < 10% of the rock).  The 

cementing agent that transformed calcareous sand to rock may be sparry calcite, or fine 

grained calcite (usually calcrete).   

In this Project, for determination as to their rock classification, the limestones were examined 

under the binocular microscope, and assessed as to their grain composition, and type of 

cementing agent (sparry calcite, or fine grained calcite).  To confirm the carbonate 

composition of the grains, a drop of HCl was place on the material in the field to observe 

effervescence.  The limestone, ascalcarenite was encountered in the subsurface at some 

depth, and not in a “weathering” profile.  It varied from strongly indurated (i.e. cemented) to 

weakly indurated. 
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Layers of calcrete (also called limestone in this Project), were locally encountered in the 

drilling. Under binocular microscope this calcrete was fine grained, massive to faintly 

laminated calcareous material. 

The reverse air circulation coring when intersecting limestone horizons, either recovered 

cylinders of solid limestone in ~ 10-15 cm long segments (where it was tightly cemented), with 

the 10-15 cm parting determined by grainsize, or some discontinuity, or recovered centimetre-

sized lumps of limestone where the drilling fragmented a layer of limestone (present in the 

subsurface) as more friable (more weakly indurated) layers. 

Sediment profiles were plotted and stratigraphic relationships identified. 

4.9 MONITORING & SAMPLING 

Monthly monitoring was undertaken of water levels in all the bores, shallow and deep, and 

replicate water samples from each bore hole were retrieved after the initial 150 ml sample was 

bailed and discarded, in accordance with guidelines for removing reasonably small volumes of 

water from low hydraulic conductivity aquifers (EPA Victoria 2000, Geoscience Australia 

2009).  This method was selected to avoid purging the bores dry or bailing large volumes of 

groundwater which may have been drawn from the surrounding vertically and laterally 

adjoining micro-aquifers.  

 Over two decades, VCSRG have conducted trials in measuring pH, salinity, and critical cation 

concentrations of groundwater using a variety of methods: purging of bores, bailing of bores, 

direct measurement of groundwater in freshly excavated open trenches, sample filtering, 

sample freezing and sample storage (Semeniuk 2007).  For Na, K, Ca, Mg, Pb, and salinity 

and pH, we have found minimal difference in the concentrations of the chemical parameters 

between these techniques.   

For the purpose of detecting the true composition of water as it is in the sediment, pH was 

measured in the field on unfiltered samples using a standard pH ECO tester microprocessor, 

designed for environmental monitoring, with automatic temperature compensation and auto 

buffer recognition, calibrated prior to each sampling day to buffer solutions pH 4, 7, and 9, and 

rinsed between each sampling bore. 

For salinity measures, water samples were cooled near freezing and transported in a cooler.  

They were then stored frozen in the laboratory until ready for filtering.  When thawed, they 

were filtered through a 0.45 millipore silica fibre filter prior to measuring TDS using a 

Cyberscan conductivity meter. 
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4.10 LABORATORY STORAGE & ANALYSES 

Water samples on return to the laboratory were filtered using a 0.04 m filter, and stored 

frozen before analyses.  Selected water samples were sent to a commercial laboratory 

UltraTrace for ICP-MS analyses for the following cations: Ca, Mg, Na, K, Fe, Pb, and As.  

Water samples were selected as follows: 

 March - representing the lowest position of the water table. 

 April and June - representing the first flush of sediments by winter rainfall. 

April included the sites with a relatively shallow depth to water flushed by rainfall from the April 

storms, and June represented sites with greater depth to water flushed by the accumulative 

winter rain infiltration. 

4.11 ADDITIONAL INVESTIGATIONS 

Additional information about sediments, stratigraphy and water flows in the vicinity of 

Transects 3 and 4 was requested later in the Project.  In response, seven additional drill sites 

were proposed, and these were drilled in July 2010 and piezometers installed, as described 

above.  The sites of the additional drill cores were selected on several criteria, the most 

important being to clarify the complex stratigraphy around Roe Swamp and the wetland area 

just north of Roe Swamp; to investigate the sediments underlying the complex vegetation 

patterns north and south of Hope Rd., and to fill in some of the gaps in data which had 

become evident during the previous drilling programme. 

5.0 RESULTS 

Results from the drilling programme were used to refine investigations into Groundwater 

Dependent Ecosystems (GDE) and Groundwater Dependent Vegetation (Part 3 of this report), 

and to contribute to analyses and interpretation of mapping. 

The results presented below in this report include: 

1. Drill core sedimentary sequences located relative to AHD and positioned 

spatially to reflect the geography of the area. 

2. Stratigraphic profiles for each transect. 

3. Hydrographs. 
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4. Groundwater contour maps. 

5. Graphs and measures of groundwater pH, salinity, and other hydrochemical 

parameters. 

5.1 SEDIMENTS & STRATIGRAPHIC PROFILES 

As stated above, not all the sites proposed in the drilling programme were completed.  All sites 

in the delivery zone (the Bassendean Sand under the Bassendean Dunes) were completed, 

but no drilling was permitted in North Lake, Horse Paddock Swamp, Bibra Lake, or central Roe 

Swamp (because of restricted access to Aboriginal Heritage Sites), which left the wetland 

zones largely un-investigated, and only two thirds of the sites were drilled in the impoundment 

zone (the Tamala Limestone and associated quartz sand under the Spearwood Dunes).  It was 

considered at the time of the Desktop Study (Syrinx/VCSRG, Part 1 Report 2011), that 

available scientific literature describing the sedimentary fills of Bibra and North Lakes, referred 

to in Figure 8 (sites a and b), would be able to be used in place of the drilling cores along 

Transects 2,4,5, and 6 in the lake basins.   

The sedimentary cores were retrieved from UWA archives, but thicknesses did not correspond 

to the diagrams in the report, even when allowance for compaction and shrinkage due to 

dewatering were taken into account.  On closer investigation of the methods of core collection 

it was concluded that the sampling method used was flawed and gave erroneous stratigraphic 

results, and, as a result, a decision was made to use this reference for data on composition 

only and to exclude data on thicknesses and depths of wetland sediments.  Some 

supplementary data were used from VCSRG archival records. 

This setback meant that only limited interpretations of groundwater flows and connectivity 

between surface and subsurface water in the main wetland basins could be deduced.  Lack of 

drilling in the wetlands and their margins to establish stratigraphy and emplace piezometers 

resulted in data gaps in crucial parts of the project area, specifically in the critical arenas of 

wetland stratigraphy, hydrogeology, hydrochemistry, and wetland maintenance and 

functioning.  Compare the lack of stratigraphy of wetland centres and wetland margins with 

Semeniuk (2007) where the significance of wetland centres and wetland margin stratigraphy in 

the Becher suite of wetlands are discussed with relevance to understanding wetland 

hydrology.  Only with stratigraphy and piezometers in wetland centres and wetland margins 

can the wetland-to-upland hydrological relationships be robustly described and interpreted.  

What is presented below is the best hydrologic and stratigraphic framework which could be 

derived from the actual drill sites shown in Figure 6, all of which are outside the main chain of 

large wetlands and Roe Swamp.  The seven additional drill sites related to specific wetland 

investigations shown in Figure 7. 
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Figure 6 Location of sites actually drilled 
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Figure 7 Location of additional sites across wetlands and along the proposed road 

alignment 

In this section, the sediments are briefly described in terms of composition, down profile 

occurrences of lithology, and along each transect occurrences of stratigraphy and lithology.  

More detailed descriptions are available in Figures a-f and 100 in Appendix 6. 

The sediments in the delivery zone comprised, in order of abundance: 

 Very coarse and coarse sand; 

 Mixed coarse, medium and fine sand; 

 Coarse sand; 

 Medium sand; 

 Iron oxide coated quartz sand; 

 Ferricrete nodules; 

 Muddy sand. 
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Diagenetic overprints were expressed as bleached white sand and grey sand, organic matter 

enriched sand, iron oxide enriched sand, iron oxide cemented sand, and hydrated and texture 

mottled muddy sands and sands (where vadose waters have delivered fine-grained material to 

the sand profile).  There was no apparent trend in either the type of diagenesis present or in 

increasing or decreasing diagenetic effects down profile or between sites, as much of the 

diagenesis is related to laterally migrating plumes of hydrochemically altered waters from 

wetlands. 

The sediments in the few holes investigated in the wetland zone comprised: 

 Organic matter enriched (phytolithic) muddy sand; 

 Muddy sand composed of quartz silt, phytoliths, and sponge spicules; 

 Kaolinite and quartz silt muddy sand; 

 Fine grained diatomite; 

 Coarse quartz sand; 

 Ferricrete nodules. 

Below, Table 1 lists each wetland and the composition of its corresponding sedimentary fill, 

showing that the wetlands are quite varied. 
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Table 1 General description of sedimentary fills in each wetland  

Wetlands Wetland fill 

Murdoch Swamp Kaolinitic and quartz silt muddy sand 

North Lake OME spongolitic, phytolithic, diatomaceous mud 

Horse Paddock Swamp Unknown 

Lower Swamp Spongolitic, phytolithic, diatomaceous kaolin mud 

Melaleuca Swamp 

north of Farrington Rd 

OME phytolithic mud and muddy sand 

Melaleuca Swamp 

south of Farrington Rd 

Kaolinitic and quartz silt muddy sand 

Roe Swamp Spongolitic peat with phytolithic and diatomaceous 

muddy sand 

Bibra Lake Spongolitic and diatomaceous mud 

(OME = organic matter enriched) 

The main diagenetic processes were the leaching and transportation of iron oxides between 

the surface sediments and the water table.  Where the water table had occupied more than 

one position during the history of the wetland, there were several layers of ferricrete or, 

locally, ferricrete nodules, in the profile (2C). 

The sediments in the impoundment zone comprised, in order of abundance: 

 Mixed coarse, medium and fine sand; 
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 Very coarse and coarse sand; 

 Medium sand; 

 Fine sand; 

 Iron oxide coated quartz sand; 

 Iron oxide cemented quartz sand; 

 Limestone 

 Calcrete  

 Muddy sand. 

A limestone cavity (cavern, some 0.3 m in size) was encountered in Drill hole 6E. 

Diagenetic overprints in the zone of impoundment included leaching, transportation, and 

cementation of iron oxides, and with the capping and cementation of limestone lenses by 

calcrete. 

5.1.1 Correlation between Sites Along Transect 

There was no trend in grain size either down profile or from east to west. 

Transect 1 is the most northerly transect, and includes no wetlands.  In Transect 1, there is 

some correlation across the 8 sites in the nature of the body of yellow, mainly medium quartz 

sand at or near the ground surface.  This sand body ranges between 2 to 11 metres in 

thickness (Appendix 6) Below this unit however, there are various layers of coarse and very 

coarse quartz sand, medium sand, muddy sand, limestone and calcrete, exhibiting no obvious 

stratigraphic correlation. 

Transect 2 crosses Melaleuca Swamp, Lower Swamp and North Lake (Appendix 6).  As Site 2I 

is the only site along this transect in the impoundment zone, its texturally mixed quartz sand at 

the surface and the underlying bodies of medium and fine sands cannot be stratigraphically 

correlated with other lithological units elsewhere.  North Lake and Lower Swamp sediments 

rest unconformably amidst the parent quartz sands.  In the delivery zone, Melaleuca Swamp 

sediments are the quartz sands of the Bassendean Sand formation, altered by in situ 

interstitial accumulations of organic matter, siliceous biotic detritus, kaolinite clay, and 

goethite, which do not extend beyond the wetland boundary at the surface, but extend to site 

2D in the subsurface.  The stratigraphy of the other sites in the delivery zone comprises layers 
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of coarse and medium sand with no clear stratigraphic correlation between sites, except for 

the ferricrete horizon that occurs between 13 and 14 m AHD.  

Transect 3 crosses the lower part of Melaleuca Swamp, the wetland north of Roe Swamp, the 

wetland east of Horse Paddock Swamp and Horse Paddock Swamp, itself (Appendix 6).  

Again, Site 3J is the only site along this transect in the impoundment zone, and its stratigraphy 

is interlayered coarse and very coarse quartz sand and medium quartz sand whose layers 

cannot be stratigraphically correlated to other sites.  No data additional to that collected in the 

1980s and presented in Semeniuk & Semeniuk (2006) were collected from Horse Paddock 

Swamp for this project.  In the six sites in the delivery zone, the quartz sands generally 

become coarser down profile.  In four of these six sites, there are layers of in situ wetland 

sediment accumulations within the quartz sands of the Bassendean Sand formation, which 

occur at three different levels below the surface: in sites 3E and 3B (13 - 14.5 m AHD); in sites 

3C and 3B (10 m AHD); and in site 3D (6 m AHD).  Sites 3E, 3D, and 3B are not currently 

wetland sites. 

Transect 4 crosses the southern part of Roe Swamp (Appendix 6).  There are no sites in the 

impoundment zone.  In the delivery zone, the stratigraphy of sites 4A and 4C comprises 

mostly layers of very coarse and coarse quartz sand which is not consistent with an origin of 

dune building (as ascribed to the Bassendean Sand).  In three of the four sites, there are 

layers of in situ wetland sediment accumulations within the quartz sands of the Bassendean 

Sand Unit, which occur at three different levels below the surface: in site 4D (7.5 m AHD); in 

site 4C (9 - 10 m AHD); and in site 4B (14, 10.5, 9.5 m AHD).  Site 3B is currently in a wetland 

and exhibits wetland sediments at the surface also (16 m AHD). 

Transect 5 crosses Bibra Lake (Appendix 6).  In the impoundment zone there are two sites: 5I 

and 5H.  The dune at 5I is underlain in the upper part by six metres of very coarse and coarse 

quartz sand underlain by a body of medium quartz sand, both of which can be traced to site 

5H.  At 5I there is a limestone lens, 6 m thick, which is not intersected at site 5H, 

approximately 600 m to the east.  Four sites 5G, 5D, 5C and 5B exhibit wetland sediments at 

depth, although only sites 5B and 5D are currently mapped as wetland.  Wetland sediments 

are best developed under site 5G between 1 and 10 m AHD.  Layers of wetland sediments in 

cores 5B and 5C occur at 3 levels: 14.5-15 m; 13.5-14 m; and 11-11.5 m AHD, together with 

iron cemented layers also between 13.5-14.5 m AHD.  The Bassendean Sand at these sites 

comprises mostly undifferentiated coarse and medium quartz sands.  

Transect 6 has one site in each zone: 6E in the impoundment zone, 6B in the wetland zone 

and 6A in the delivery zone.  Site 6E exhibits a limestone lens and a cavern between 15 and 

28 m AHD, underlain and overlain by mixed coarse and medium quartz sand (Appendix 6).  In 
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contrast, the cores in the wetland and delivery zones exhibit very coarse and coarse quartz 

sand.  Core 6B, which was only 6 m deep, did not intersect any buried wetland sediments. 

Transect 7 is the most southerly transect, and includes only the southern altered margin of 

Lake Bibra.  In Transect 7, there is some stratigraphic correlation across the 6 sites in that the 

upper sediments comprise very coarse and coarse quartz sand, and the lowest layers 

comprise brown muddy sand (Appendix 6).  Iron oxide cementation has occurred at depth as 

intersected in several bores at 14.5-15.5 AHD.  Wetland sediments were only found below the 

surface at site 7B, which is currently part of the (Lake Bibra) wetland. 

In the seven additional drill cores undertaken along transects across wetland areas and in the 

road alignment, (Figure 7) the range of sediment types and patterns of complex stratigraphy 

previously identified, were repeated.  Sediments included the complete range of muds, muddy 

sands, sands and cemented layers found elsewhere in the Bibra Lakes system. 

In summary, the information brought to light by the drilling programme, involving all sites, is 

summarised as follows. 

1. Consultants’ and government reports and publications about wetlands and wetland 

management ubiquitously describe the Bassendean Sand underlying the 

Bassendean Dunes as homogeneous grey (leached) quartz sand.  This drilling 

project has demonstrated that the Bassendean Sand contains distinct layers of 

texturally diverse quartz sands each of which has varying aquifer properties that 

can potentially affect wetland hydrology both at a site-specific level for a given 

wetland, and in terms of hydrological delivery.  In addition, it demonstrates that 

vertical and lateral movement of groundwater causes a range of diagenetic effects 

and overprints which alter the sediment properties, and cause minor to major 

perturbations in water flows, potential perching, and water residency times. 

2. In the wetlands themselves, the sedimentary fills have been shown to also vary in 

composition, with layered stratigraphy of sediments with variable quantities of 

sponge spicules, diatoms, phytoliths, kaolinitic clay, quartz silt, quartz sand and 

organic matter.  Diagenetic affects again have overprinted some of these 

sediments, perturbating the simple groundwater flow-through or vertical 

groundwater rise that prevail in the models of wetland hydrology on the Swan 

Coastal plain.  In addition, buried wetland sediments have been identified in some 

of the sites (1C, 5G), and these also will cause minor to major perturbations in 

water flows, potential perching, and groundwater residency times.  

3. Finally, in the impoundment zone, the stratigraphic framework of “Karrakatta yellow 

sand over Tamala limestone” has been shown in detail to consist of limestone 
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lenses of varying thickness interspersed with buried soil horizons and yellow sand 

layers of very coarse to fine sand-sized textures.  The limestone lenses do not 

occur in every profile and their occurrence cannot be predicted with any certainty 

on the present spacing of drilling patterns.  In addition, the water-bearing and 

transporting properties of the limestone vary with diagenetic effects (that is, sparry 

calcite cemented limestone, versus weakly cemented limestone, versus calcreted 

limestone, versus calcrete, versus vugular limestone) 

5.2 HYDROLOGY 

Rainwater is one of the hydrological drivers for the three zones, but the timing and recharge 

mechanisms of rainfall reaching the phreatic zone vary across the area, within, and adjacent 

to the wetlands, and on the uplands.  The winter of 2010 overall has provided little rain, and 

ground water tables in the region generally have been slow to rise.  The rainfall recorded from 

the Murdoch Station for 2010 was 509 mm, which is well below the mean for Perth (774 mm) 

and close to the lowest amount recorded for Perth since 1944.  Equally importantly, there were 

no significant rainfall events and long breaks during the winter months between each rain 

event, which is also abnormal for July and August.  Some piezometric levels have fluctuated 

vertically, but generally those recorded in the deeper piezometers have exhibited minimal 

change in level. 

There were four objectives to be met in installing the piezometers to study the subregional 

hydrology.  Firstly, it was important to produce an overall picture of the water movement and 

water levels in the area.  Secondly, the goal was to pinpoint variations and anomalies in 

recharge rates, recharge patterns, and the configuration of the water table at the local scale 

as expressed in the groundwater contours.  Thirdly, the aim was to link the stratigraphy with 

the local hydrology.  Lastly, the aim was to link water flows and hydrological patterns with 

wetland functions.  As the additional drill sites were only installed at the end of July 2010, the 

description below is based on the piezometric information from sites along the original seven 

transects. 

5.2.1 The Regional Scale 

To provide an overall picture of the water movement and water levels in the area, maximum 

and minimum water levels were plotted on the stratigraphic profiles (Figure 8-14) and 

groundwater contours plotted at the positions of minimum and maximum levels.  Pre-winter 

minimum water levels on the stratigraphic profiles showed that there is a general east to west 

hydraulic gradient of approximately 1:300, but that it is generally not a smoothly sloping 

gradient.  With the exception of Transect 1 and Transect 7, which do not directly intersect any 
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wetlands, the hydraulic gradients along the other transects increased markedly at the margins 

of the wetlands.  The groundwater contours of the region, as determined by this drilling 

programme, suggest that there exist two general westerly-trending groundwater plumes, one 

northwest of North Lake, and the second directly west of south Bibra Lake.  No groundwater 

contours could be plotted through North Lake and Bibra Lake because of the lack of data.  On 

the eastern side in the zone of delivery, there is a northwest plume between Roe Swamp and 

North Lake, and in the same area, there are two local small mounds, one centred on 

Melaleuca Swamp, and the second located between sites 4C and 4D on Hope Rd. 
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Figure 8 Stratigraphic profile of Transect 1 and minimum water level positions 
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 Figure 9 Stratigraphic profile of Transect 2 and minimum water level positions
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Figure 10 Stratigraphic profile of Transect 3 and minimum water level positions 
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Figure 11 Stratigraphic profile of Transect 4 and minimum water level positions 
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Figure 12 Stratigraphic profile of Transect 5 and minimum water level positions 
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Figure 13 Stratigraphic profile of Transect 6 and minimum water level positions 
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Figure 14 Stratigraphic profile of Transect 7 and minimum water level positions 



 

 

syrinx environmental pl/vcsrg January 2011   35 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

5.2.2 The Local Scale – Water Levels 

Hydrographs are presented here to provide a picture of water movement and water levels at 

the local scale.  The descriptions in this section are based on monthly readings of water levels 

from March 2010 to February 2011.  Of the sixty one hydrographs compiled for this study, 37 

exhibited the sinusoidal shape which typifies groundwater behaviour of the Swan Coastal Plain 

(Figure 15-21) of a 0.70 – 1.0 metre seasonal average rise in water level.  Water tables across 

the Swan Coastal Plain commonly rise with the onset of winter rain and consequent 

groundwater recharge, producing a steep increase in the curve of the hydrograph followed by 

a matching decrease in the curve as evapotranspiration and lateral and vertical discharge 

commence.  However, many of the hydrographs for the Bibra and North Lake area are 

relatively flat (1D, 1E, 1F, 2E, 2I, 5H, 5I, 6B, 6E, and 7E) and do not approach the typical 

Swan Coastal Plain pattern of a seasonal average rise in water level.  Hydrographs for sites 

3D and 4D, exhibited a downward trend, and site 3J exhibited anomalous levels (compared to 

the other sites) in the first half of the year.  For the majority of sites, water levels measured in 

February 2011 are below the minimum levels of March 2010. 

Along Transect 1 the water levels in piezometers on average remained steady, with the 

exception of sites 1A and 1B, which are located adjacent to paved areas and road runoff 

catchments (Figure 15).  At one site water levels in July were lower than in March, the time 

when water levels are usually at minimum position. 

Along Transect 2, the water levels in piezometers on average fluctuated slightly, alternately 

rising and falling in response to moderate rainfall recharge, and flow and transpire discharge 

(Figure 16).  There are two exceptions to this trend: site 2A, which again is located adjacent to 

paved areas and road runoff catchments, and site 2Fsth 2, which is a wetland basin.  At both 

of these sites, water table dynamics were dominated by recharge until August and September 

2010, and then by groundwater discharge. 

Along Transect 3, the water levels in piezometers on average rose approximately 1 metre in or 

near the wetlands (Figure 17).  At site 3D, however, water levels have continued to fall.  Along 

Transect 4, the water levels in piezometers on average rose 0.5 m, in contrast to site 4D 

where water levels have dropped over a metre (Figure 18).  Along Transect 5, the piezometric 

levels on average have risen, but the increases are variable (0.1-1.0 m) (Figure 19).  Along 

Transect 6 and Transect 7, the water levels in piezometers exhibited similar patterns at each 

site, increasing 0.3-0.4 m to September (Figure 20, 21). 

Two piezometers were installed to different depths at six sites (1E, 2D, 3A, 5C, 5G, 6B), 

simulating nested piezometers.  At two of these sites there has been no water in the shallow 

piezometer.  At site 1E, the shallower piezometers positioned above a limestone lens to a 
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depth of 8.83 metres and at site 3A, the shallower piezometers positioned above the iron 

oxide cemented sand at a depth of 2.56 m.  At the remaining sites, (2D 17 m AHD, 5C 17.42 m 

AHD, 5G 15.7 m AHD and 6B 18.01 m AHD), separate water levels were recorded in the deep 

and shallow piezometers (Figure 22, 23). 

At minimum water level position in March 2010, the differences in water levels between deep 

and shallow piezometers (2D; 5C; 5G; 6B) were 51; 71; 25; 14 cm respectively (Figure 22, 23).  

These differences were independent of their topographic heights.  During the period of 

recharge from April to July, these differences in level persisted, although at site 2D the initial 

difference in water levels of 51 cm was reduced after each rain event, and at site 6B, the 

separate water bodies gradually merged.  Similarly, the water levels in the more recently 

established nested piezometer sites at B, C and F acted independently of each other 

(Appendix 4), with rises and falls occurring simultaneously in deep and shallow piezometers, 

and alternately in the shallow (July) and then in the deeper (August) piezometers.  The 

greatest difference (0.4 m) between the deep and shallow piezometric water levels occurred in 

site F. 
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Figure 15 Monthly water levels in sites along Transect 1 

 

Figure 16 Monthly water levels in sites along Transect 2  
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Figure 17 Monthly water levels in sites along Transect 3 

 

Figure 18 Monthly water levels in sites along Transect 4
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Figure 19 Monthly water levels in sites along Transect 5 

 

Figure 20 Monthly water levels in sites along Transect 6  
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Figure 21 Monthly water levels in sites along Transect 7 

 

Figure 22 Monthly water levels in shallow and deep piezometers at site 6B
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Figure 23 Monthly water levels in shallow and deep piezometers at sites 2D, 5C, and 5G 
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The hydrographs also show the differences in timing and amounts of recharge after the 

significant rain event in April 2010.  Recharge, as expressed by the water table rise, was 

compared for the following wetland sites: 2B, 2C, 2Fsth 2, 3C, 4B, 5B, 6B (d) (s).  It was found 

that 50% of the sites diverged from predicted trends.  Sites 2C, 2Fsth 2 and 4B levels were 

below the average rise of 28 cm, and site 3C exhibited an above average rise in water level.  

Thus, there were sites showing both a positive and negative variance.  This result was 

repeated for sites allocated to groups with a similar thickness of sand overburden.  Details are 

provided in Table 2 below. 

Table 2 Details of water level responses after recharge from April 2010 storm event 

Sites Average water 

level response 

Sites with positive 

variance in 

recharge 

Sites with negative 

variance in 

recharge 

Sites with 3 m sand overburden 

2A, 3B, 4A, 5A, 5C, 7B 20 cm 4A; 5A 5C 

Sites with 5 m sand overburden 

1B, 1C, 2F, 2F#, 3A, 

3E, 7C, 7D 

16 cm 2F; 3E 1C 

Sites with 7 m sand overburden 

1A, 4C, 4D, 6A, 7A, 7E 13 cm 1A 4C; 4D 

Sites with 10 m sand overburden 

1D, 2E, 5H 7 cm 5H 1D 

Sites with 25 m sand overburden 
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2I, 3J, 7F 7 cm  2I 

Sites with sand and limestone overburden 

1E, 1F, 5I, 6E 12 cm  1E 

 

Three sites in the impoundment zone, 4 wetland sites, and 10 sites in the delivery zone had 

recharge responses which required investigation. 

Post winter perched surface waters began to fall on the cessation of winter rain in August.  As 

with pre-winter rains the groundwater responses were staggered with piezometric levels at 

some sites still climbing in September while, at other sites, they fell below the August levels. 

After 12 months of water level monitoring, the piezometric levels in February 2011 for most 

sites were below the levels of March 2010, which is usually the month during which the 

minimum levels are recorded for Perth.  February levels were generally between 5 and 60 cm 

below those of March, although at some sites, they were considerably greater: site 3D (–1.19 

m), site 4D (–1.29 m), and site 5C (deep) (0.72 m).  These results reflect the below average 

rainfall for the twelve months and the added extraction of groundwater by the Banksia 

woodland, during a prolonged period of daily maximum temperatures over 35 degrees, which 

increased the average monthly fall in the water table from around 10-20 cm to around 20-30 

cm.  Some sites, however, did not conform to this pattern and, instead of showing a decrease 

in water level from end of summer 1010 to end of summer 2011, actually had higher 

piezometric levels in February 2011 (sites1B, 2D, 3E, 3J, 4C, 5A, 6E).  These sites are located 

in the delivery and impoundment zones.  Two of these sites are irrigated: 1B, 5A.  Two other 

sites have often exhibited anomalous levels throughout the monitoring period, in contrast to 

other sites along their transect (site 2D, 3E).  The water on the surface of the wetlands dried 

out in November and December 2010, resulting in an inundation period of 4-5 months, two 

months less than the average. 

5.2.3 The Local Scale - Water Flows 

The piezometric data show that groundwater flows are not necessarily even (homogenous in 

gradient) across the area, with some areas transmitting groundwater more rapidly than others 

(Figure 24-26).  In March, the position of low water levels, several patterns emerge: slightly 

steeper gradients to the southeast of Bibra Lake; a change in gradient around site 3J, 
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depressed water levels around sites 2C and 3C, mounding under site 3D and uneven flows in 

the eastern delivery zone.  In April, after the first rains, the groundwater contours in the 

eastern delivery zone have changed noticeably with further steepening in the gradients in the 

southeast of Bibra Lake, temporary reversal in flow between sites 4D and 4C, and broadening 

of contours in the western impoundment zone.  In August, the position of highest water level 

so far in this study, a mound has developed under wetland site 2C, but elsewhere contours 

exhibit no other anomalies in the east west flow. In January, when groundwater discharge is 

occurring, the contours are almost straight, parallel and oriented north-north east to south-

south west.  The distance between each contour indicates slow and even flow in the delivery 

zone and more rapid flow along the contact between the Bassendean Sand and Tamala 

Limestone.  This pattern is typical of uninterrupted and unconfined flows in the basal sands 

beneath the wetlands.  Local water levels in the vicinity of the wetlands are 3 - 4 m  below 

ground in lowland areas (sites B, C, 3E, 5C, 5D, F) and 7 – 9 m below ground in higher dune 

areas (sites 4D), while water levels in the impoundment zone are greater than 25 m below 

ground. 

Contours also show that the wetlands play a major role in the flows of groundwater (Figures 9, 

10, 24, 25, 26).  Water flows, to and from wetland basins, are strongly directed by the wetland 

fills.  Plugs of wetland mud (diatomaceous and spongolitic) in Lake Bibra, North Lake, Lower 

Swamp and Melaleuca Swamp impede the westerly water flows in the near surface quartz 

sands.  The plug of wetland sediments in Bibra Lake reverses the flow of groundwater at sites 

4D and 4C.  A similar reversal occurs at site 2# in connection with North Lake.  There is a 

contrary flow at site 3D also but this is not due to wetland sediment plugging.  Lack of data 

prevents an adequate explanation of this reversal. 

Surface water levels in the main wetland basins also indicate connectivity between them.  In 

August 2010 when levels were recorded, the highest level was recorded in Roe Swamp at 

15.96 m AHD.  Water levels in the other basins, in order of elevation, were Melaleuca Swamp, 

Murdoch 15.85 m, Lower Swamp 14.57m, Lake Bibra 13.75 m, Horse Paddock Swamp 13.2 

m, and North Lake 12.67 m.  Overflows, during periods of above average rainfall, would 

discharge into North Lake, via Lower Swamp and Horse Paddock Swamp. 
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Figure 24 Regional groundwater contours plotted from lowest bore water levels in 

March 2010 
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Figure 25 Regional groundwater contours plotted from recharged water levels in April 

2010 

 



 

 

syrinx environmental pl/vcsrg January 2011   47 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

 

Figure 26 Regional groundwater contours plotted from highest bore water levels August 

2010 
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Figure 27 Regional groundwater contours plotted during groundwater discharge period 

January 2011 
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5.2.4 Absence of Critical Intrabasinal Data 

In terms of wetland hydrology, and their hydrological relationship to adjoining areas, 

investigations have been severely hampered by restricted access to wetland sites, in 

particular, North Lake, Bibra Lake, Roe Swamp, and Horse Paddock Swamp.  Groundwater 

patterns can be traced to the wetland margins but the interaction of groundwater with the 

stratified wetland fills cannot be determined.  It is unknown whether the groundwater at the 

margins discharges into the wetland as part of the groundwater system or discharges as part 

of the water above the ground surface, or whether the groundwater is directed laterally around 

the wetland fill.  A number of significant features which control and affect the hydrological 

responses in the wetlands remain unclarified and subject only to hypothesis.  

 For North Lake, Horse Paddock Swamp, Bibra Lake and Roe Swamp, these include: 

i The thickness of the fills in the major wetland basins is unknown, 

ii The lateral extent of buried wetland sediments is unknown, 

iii The behaviour of groundwater at the margins is unknown, 

iv The relationship between the three north/south wetland basins is unknown, 

v The contact zone between the basins and the limestone ridge is unknown. 

The thickness of the wetland fills is important for determining the hydrological relationship 

between groundwater and surface water in the basins, for determining the way groundwater 

interacts with the margin of the Spearwood Ridge, and for determining location, duration, and 

importance of rain and groundwater perching.   

The lack of data about wetland margins hinders identification of potential groundwater 

upwelling and analysis of impedance of groundwater flows by wetland fills.  In a north/south 

direction, the lack of stratigraphic information along the wetland margins precludes knowledge 

of whether the basins were once continuous, whether they were separated by intra basinal 

spits, or whether they were separated by upland corridors, and whether there are hydrological 

connections between them.  Each of these conditions would result in different hydrological 

functioning and processes with different interpretations on how inter wetland relationships 

operate and how wetlands in the main chain are interconnected.   

This has implications also for areas distal to these wetlands and how they should be managed 

so as not to affect the wetlands hydrologically e.g., to avoid deleterious or negative feedback 

loops.  Because the hydrology of the wetlands, and the relationship of the wetlands to 

adjoining areas are unknown, hydrological mechanisms and impacts deriving from distal areas 
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that may affect the wetlands cannot be determined or assessed, respectively.  This specific 

lack of knowledge prevents any detailed, statistical or hard conclusions being made about 

potential effects of altered water levels in any of the basins and about tolerance levels within 

the wetland system (Semeniuk 2007). 

5.3 GROUNDWATER CHEMISTRY 

Groundwater samples were collected monthly from each site and pH and salinity measures 

taken.  In addition, samples were analysed for metallic (and metalloid) ion concentrations for 

two periods: the period of minimum water level at the end of summer, and the period of major 

first flush of winter rains.  First flush is a significant time for groundwater sampling because 

rain infiltration leaches the quartz sands of the build-up of nutrients, salts and metallic (and 

metalloid) ions that have collected over the previous 12 months and transfers them in the 

short term to the water table. 

The year 2010 was a difficult one to determine when flushing occurred because of the 

intermittent distribution of the rain events and the below average monthly amounts of winter 

rain.  Therefore, salinity levels, rain frequency and recharge response were used to identify 

timing of the first flush.  For various hydrogeological reasons, for some sites this occurred in 

April and for other sites this occurred in June or July.  Samples from all these months were 

chemically analysed in order to capture maximum concentration levels and to provide 

comparative data for first flush between the different sites in different hydrogeological settings 

5.3.1 Groundwater pH 

Although the range in pH for groundwater for all sites is between pH  5.3 and pH 8.5, 

generally, pH levels in groundwater of the impoundment zone are above neutral pH 7, and pH 

levels in groundwater of the delivery zone are just below neutral (i.e. slightly acidic), between 

pH 5.8 and pH 6.8.  In wetlands, groundwater pH fluctuates monthly, being at approximately 

pH 7 but increasing after each rainfall event and after sediment flushing.  The findings 

supported the pattern that the source waters that enter the wetlands deriving from quartz rich 

terrains generally are slightly acidic, while waters deriving from limestone-and-quartz sand 

terrains generally are slightly alkaline (Davidson 1995;Semeniuk & Semeniuk 2007, amongst 

others).  No extremes of acidity or alkalinity described in previous reports were encountered 

during this project. 

Groundwater pH differed between the nested piezometers (Figure 28).  Groundwater in the 

deeper bores exhibited consistently higher pH readings for each month.  The greatest 

difference occurred in bores 6B in April, when pH in the shallow piezometer water was 
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recorded as pH 5.8 and in the deeper piezometer water as pH 7.5.  The groundwater in the 

shallow bores was slightly acidic, ranging between pH 5.4 and pH 6.6.  The groundwater in the 

deeper bores was generally near neutral, ranging between pH 6.6 and pH 7.6. 

5.3.2 Groundwater Salinity 

Overall the groundwater system may be described as freshwater, with salinity concentrations 

less than 500 ppm.  The source waters that enter the wetlands are generally of low salinity – 

200-300 ppm.  The groundwaters in the impoundment zone have slightly higher salinity of 400-

700 ppm.  The highest salinity levels were found in the groundwater plume exported from 

Bibra Lake and sampled in site 5G (Appendix 5), where salinities were on the margin of fresh 

and brackish water.  There was little evidence of salt accumulation within wetlands or in the 

groundwater under the uplands or export from the Bibra Lakes System, with only three sites 

showing a single peak in salinity levels in June. 

Again, the salinity levels differed in the nested piezometers, with a general pattern of higher 

salinity in the shallow groundwater, and lower salinity in the deeper groundwater.  In two of the 

sites (2D, 5C) these differences were marked, with the groundwater in the shallow bore being 

consistently higher (Appendix 3). 

5.3.3 Hydrochemical Signatures in Groundwater 

Lead (Pb) and arsenic (As) were used as possible metal/metalloid signatures or tracers to 

ascertain groundwater flows.  Samples of groundwater were tested for Pb and As by ICP Mass 

Spectrometry (ICP-MS).  The solutions were not treated by the commercial laboratory other 

than by dilution.  The results from the groundwater sampling are shown in Appendix 3. 

The prevailing level of Pb in the groundwater generally was < 0.005 ppm (i.e. below detection 

limits).  However, levels of Pb above prevailing levels were found in the groundwater at 

several sites: 1A, 1C and 2D in Murdoch University; 2F, 3B and 3C in the North Lake reserve; 

in the wetland margin of Lower Swamp; at site 1F in the Melville City reserve; and at site 2A 

near the Synergy power plant.  In two of the sites where shallow and deep bores were 

installed, Pb was detected in both bores (2D, 6B) (Appendix 3).   
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Figure 28 Different monthly pH in groundwaters in deep and shallow nested bores
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In most sites, the Pb was detected in the water Samples from June and was not persistent.  

The maximum concentrations occurred at sites 2A, 2D and 3B (0.025 mg/L). 

The prevailing level of As in the groundwater generally also was < 0.005 ppm (i.e. below 

detection limits).  However, levels of As above prevailing levels were found in the groundwater 

at several sites: 2B and 2D in Murdoch University; 2F in the North Lake reserve; in the wetland 

margin of Lower Swamp; under the Cockburn Wetlands Centre at site 4D; and west of Bibra 

Lake at site 5G (Appendix 5).  In some sites (2B, 2D, 2F, 2Fsth 1, 5G), the As persisted in the 

water samples from month to month and in others (4D) only occurred after the first flush of 

rain.  The maximum concentration occurred at site 2F (0.5 mg/L). 

Samples of groundwater were tested for iron (Fe), calcium (Ca), magnesium (Mg), sodium 

(Na), and potassium (K) by ICP-MS.  The solutions were not treated other than by dilution. 

Generally Fe was of low concentration throughout the region, however it was detected in 

relatively elevated levels in the groundwater at several sites: 1D and 2D in Murdoch 

University; 2F, 3E, and additional drill sites D, E, F, G in the North Lake reserve; at sites 5B, 

5C in the Bibra Lake Reserve and at sites 2I, 4D.  Most of the sites were upland sites or 

wetland margin sites (2D, 3E, 5B, 5C) (Appendix 5).  In most sites, the Fe was persistent in 

the groundwater.  The maximum concentrations occurred at sites 1D (12.4 mg/L) and 

additional site F (9.0 mg/L), but most sites recorded < 1 mg/L. 

Ca, Mg, Na and K concentrations and distribution patterns are described below. 

Transects 1 and 3 both had several sites with low Ca concentrations in the groundwater: 1B, 

1C, 1D, 3B, 3C, and 3E.  All sites, low in Ca occurred on the eastern side of the lakes in the 

delivery zone.  Site 1C was consistently low in Ca.  In contrast, sites with high levels of Ca 

were widespread especially along Transects 2, 5, 6 and 7.  Sites 2C, 2D, 2E, 2Fand 7F 

consistently lost Ca to the groundwater.  Sites located above limestone lenses also exhibited 

high Ca levels in the groundwater (5I, 6E, 7E).  Flushing of sediments by rain infiltration 

increased the number of sites with high levels of Ca. 

Mg concentrations were low overall, the highest values being at sites 2A and 2F, neither of 

which proved to persist over time (Appendix 5).  Flushing by June rains again resulted in 

slightly higher concentrations. 

Na concentrations were also generally low, commensurate with rain-derived water.  The 

highest concentrations (> 200 mg/L) were in sites 5C, 5G, 5H, 5I, 6E, 2D, 2F, and 7E.  Some 

of these higher than average levels persisted over the sampling period, e.g., in sites 5C (s), 

5G (d) (s), 5H, 5I and 6E.  Flushing by rain infiltration removes much of the Na from the 
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system preventing a build up in the wetlands and in wetland margins where seasonal salt 

accumulation is well documented. 

K levels were also generally low except at sites in Murdoch University where fertilisers are 

used and at site 5G.  Site 5G is where a groundwater plume from Lake Bibra has been 

intercepted.  The wetland sites in Murdoch at 2B, 2C and 2D appear to act as a sink for Ca, 

Mg, Na and K derived from immediately surrounding areas.  All levels of these cation 

concentrations in the groundwater were elevated at wetland site 2C. 

6.0 INTERPRETATIONS OF STRATIGRAPHY 

In this section the sediments and stratigraphic sequences are interpreted with regard to: 

 1) Heterogeneity, internal alteration and geographic location; 

 2) Wetland functioning and vertical and lateral water flows; and 

 3) Road construction. 

6.1 INTERPRETATION OF STRATIGRAPHY 

In the ensuing text, the stratigraphy along each transect is interpreted in terms of array of 

materials, hydrologic function, and diagenesis.  Transect 1 is located north of a small wetland 

in Chelodina Reserve, Murdoch University.  This wetland is illustrated in Figure 8 so that the 

muddy sands and bleached sands in profiles T1B, 1C, and 1D may be placed in context.  The 

main diagenetic effects are bleaching, associated with the vertical and/or lateral movement of 

the water table or groundwater, and some iron oxide staining of quartz grains in the yellow 

sand.  On both sides of the wetland basin, in the phreatic zone the sediments exhibit 

characteristics of diagenetic plumes (Semeniuk & Semeniuk 2006). 

On the western side of the transect, in the zone of impoundment, several limestone lenses 

were intersected.  They are of varying thickness and varying width.  Some have internal layers 

which are calcretised and impervious to water flow, some have layers of yellow or bleached 

permeable quartz sand.  Interspersed with the limestone lenses are horizons of aeolian 

medium and coarse yellow sand.  However, the exact location, depth, size, or permeability of 

other such lenses are not predictable using the current knowledge base of the drilling grid. 

Transect 2 transects North Lake and Melaleuca Swamp.  Based and the sedimentary profile 

for site 4B at the margin of Roe Swamp, it appears that the wetland sediments of these basins 

probably lie unconformably on quartz sands.  Precise determination of the nature of the sand 
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intersected at the base of the wetland sediments in North Lake was not possible as no sand 

sample was retrieved by Megirian (1982) from his sediment cores.  Laterally, the wetland 

sediments extend further than the current boundary of the wetland vegetation in Melaleuca 

Swamp, as shown in profiles T2B and T2D of Figure 9, but the depths of the wetland 

sediments in both North Lake and Melaleuca Swamp have had to be estimated, as no drilling 

was possible in either of these areas because of Indigenous Heritage values.  Diagenetic 

effects in the sediments of the transects are associated with water table fluctuation and with 

diagenetic plumes.  Diagenetic plumes are well developed along this transect indicating 

substantial and relatively rapid through flow in the subsurface.  Diagenetic plumes are 

associated with North Lake, Lower Swamp to the south, and Melaleuca Swamp.  They are 

expressed in three forms: bleaching and anoxic mottling of yellow sand (T2I, 2F, 2#), 

pyritization and iron oxide cementation of yellow sand (T2A, 2D), and development of muddy 

sand (T2#) formed by vadose transport of fine materials interstitially.  

Transect 3 crosses the southern part of Melaleuca Swamp, but stops short of Horse Paddock 

Swamp (Figure 10).  The wetland sediments for the northern extension of Melaleuca Swamp 

are quartz sands modified by humic development, leaching, vadose delivery of kaolin clay, and 

cementation by iron oxide.  Diagenetic effects are associated with water table fluctuation and 

with diagenetic plumes of laterally moving groundwater. 

Transect 4 intersects the southern part of Roe Swamp but stops short of Bibra Lake and the 

zone of impoundment (Figure 11).  In the zone of delivery, some bleaching is evident from a 

westward diagenetic plume from Roe Swamp (T4C), and a westward plume associated with 

Lake Bibra (T4D).  However, it is not possible to further interpret the sediments and 

stratigraphy along this incomplete transect. 

Transect 5 crosses Lake Bibra.  The profile at T5G (Figure 12) gives an indication of the depth 

of the sedimentary fill of Lake Bibra (approximately 14 m on the western side).  Cores from the 

upper stratigraphy of Lake Bibra Megirian (1982) include interlayered organic deposits (peat, 

clayey peat, peaty clay), clay and diatomite, indicating relatively wetter (peat) and drier 

(diatomite) cycles in the wetland history and also shifts between conditions of permanent and 

seasonal inundation (i.e. clay versus sand).  The scale of the diagenetic plumes from Lake 

Bibra and the small unnamed wetland on its eastern margin can be compared.  The plume 

from the smaller wetland is restricted geographically to the hill of yellow sand on its western 

side.  Local affects of iron coating and iron oxide cementation are present in the sediments of 

profile T5C.  Much larger effects can be seen from the diagenetic plumes on the western side 

of Lake Bibra in the coarse sand sediments of profiles T5H and T5I, a kilometre away. 
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On the western side of the transect, in the zone of impoundment, a limestone lens was 

intersected.  The position of this lens is such that it does not impede or impound water from 

the lake. 

Transect 6 also crosses Lake Bibra.  The depth of the sedimentary fill of Lake Bibra can only 

be estimated here.  In the zone of delivery, the semi-indurated sediments of the wetland 

margin have directly affected water flows.  Further to the east is a zone of bleaching (T6A), 

indicating rapid and significant groundwater through flow in the zone of delivery.  In the zone 

of impoundment, the limestone lens forms a cliffed margin to Lake Bibra and impedes water 

flow away from the lake at this point in the upper 3 metres.  A diagenetic plume exists beneath 

this (Figure 13) the effects of which can be seen in the sediments in profile T6E. 

Transect 7 is located south of the main basin of Lake Bibra but crosses its margin in the 

southeast corner (T7B).  Again, a diagenetic plume in the zone of delivery emanating from the 

east is evident as far away as site T7A, where 6 m of quartz sand have been bleached by 

groundwater through flow (Figure 14).  Similarly, diagenetic affects are also present to the 

south west of Lake Bibra (T7E) indicating the presence of the diagenetic plume in this zone. 

Up to this stage of the project, a full stratigraphical interpretation across the project area had 

been hampered by a critical lack of data along some transects.  The most important transects 

that require data for interpretation in the zone of impoundment are Transects 2, 3, and 4.  The 

profiles illustrate that limestone lenses are present, and that they impede water flow from the 

wetlands, when such lenses occur along the western margins of the wetlands.  In areas where 

they are absent and yellow sand is present, the westward flows of groundwater and the 

diagenetic plumes from the wetlands are unimpeded.  In some locations, where groundwater is 

obstructed by limestone lenses, flows may be re-routed along the tongues of yellow sand, 

increasing both the volume and the flow rates in local areas. 

In the wetland zones, fragmentary data were collected (Megirian 1982, archival data from 

VCSRG, bore logs from sites 2B, 2C, 2Fsth1, 3C, 4B, 5G, 6B).  The gaps in data that are 

important in the interpretation of the stratigraphy include: reliable data on the types and 

thicknesses of the wetland sedimentary fills in North and Bibra Lakes, any sheets or tongues 

of sand that have encroached from wetland margins, and sedimentary cores from Horse 

Paddock Swamp, Lower Swamp, Melaleuca Swamp and Roe Swamp, and their eastern and 

western margins, which would clarify the hydrogeological relationship of the wetlands and 

uplands to the east and west, and in a north-south direction. 

In the zone of delivery, the gaps that were most important to the stratigraphical framework 

were along the proposed road alignment, and critically, between Horse Paddock Swamp and 

Bibra Lake.  In the zone of delivery, the stratigraphic sequences, based on diagenetic effects 

and lithology, show several important features:  
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1. Significant groundwater flows along Transects 2 and 6;  

2. An established structural matrix of heterogeneous layers ranging from very 

coarse to fine aeolian sand layers which act as specific and layered aquitards 

and aquifers for groundwater transfer; and  

3. Diagenetic overprints in the quartz sands, particularly at the eastern margins of 

the wetlands which alter and perturbate the general westward flow of 

groundwater causing short term perching, seasonal upwelling, retardation of 

infiltration to the water table, and impedance to westward flow. 

The gaps in data outlined above were partially addressed with the addition of bore holes 

established in July 2010 in the zone of delivery between Roe Swamp and Horse Paddock 

Swamp. The resulting sedimentary profiles and stratigraphic interpretations are illustrated in 

Figure 29-30. 

Figure 29 illustrates the sedimentary sequences from the bores G and H and the interpretation 

of the stratigraphy along the transect through Roe Swamp itself, though not in the basin of 

Roe Swamp.  Bores G and H, located in cleared areas outside the Aboriginal site boundaries 

provided much needed compositional data about Roe Swamp.  The figure shows that the 

wetland muddy sand sediments (mud composed of biogenic silica hash comprising diatoms, 

sponge spicules and phytoliths) extend both east and west from the visible boundary of extant 

wetland vegetation.  Importantly, the subsurface sediments depict Roe Swamp as much more 

extensive than is evident on the ground surface.  The buried wetland muddy sands are clearly 

still connected hydrologically to the smaller surface expression of the basin. 

Figure 30 illustrates the sedimentary sequences from the bores C, D, and F and the 

interpretation of the stratigraphy along this transect.  A layer of muddy sand sediments can be 

seen between 8 and 12 m AHD in each of the bores.  The mud component in each case 

comprised biogenic silica fine grained hash of phytoliths, diatoms, and sponge spicules, and 

quartz silt deriving from wetland conditions.  As these lenses occur high above the water table 

and in approximately the same stratigraphic interval relative to AHD, it is unlikely that they are 

the result of accumulation by vadose water delivery (Figure 31).  Importantly, the data suggest 

that these subsurface sediments belong to palaeo-channels, which has implications for both 

water flows and vegetation. 

  



 

 

syrinx environmental pl/vcsrg January 2011   58 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

 

 

Figure 29 Stratigraphic profile of Transect through sites B, C, D 
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Figure 30 Stratigraphic profile of transect across Roe Swamp (G, H) 
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Figure 31 Relative positions of sedimentary layers pertaining to palaeo-channels and 

the present water table 

6.2 INTERPRETATION OF THE EFFECTS OF SEDIMENTS ON WETLANDS & WATER 

FLOWS 

In this section the effects and impacts of sediment types on wetland hydrology are examined 

and interpreted using a combination of data available from this drilling programme and 

information on wetland hydrology from longer term and more fine scale studies elsewhere on 

the Swan Coastal Plain that provide wetland hydrological and hydrogeology principles 

(Semeniuk & Semeniuk 2004, 2005, 2006; Semeniuk 2007; VCSRG 1999-2001).  The 

following lithologies and or processes are discussed: 

 Limestone 

 Diatomite 

 Kaolinitic clay and buried palaeochannels 

 Buried wetland sediments 
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 Very coarse sand layers 

 Diagenesis and wetlands 

 Diagenesis and palaeo water levels (perching and flow along impervious surfaces) 

Limestone lenses did not consistently occur in the each drill site cored into the impoundment 

zone. Where they were present, the depths at which they occurred, and their thickness, 

varied. Their occurrence could not be related to topographic height or geographic locale, 

making prediction of their occurrence in areas that were not investigated difficult (Figure 32-

32). In addition, the role that the limestone lenses play in impeding or diverting groundwater 

flows can only be assessed and described for the sites where they were intersected, and may 

not be extrapolated except in terms of general principles to other locations. 

In Transect 1 (Figure 8), the size and position of the limestone lens in profile 1E clearly is in 

the path of the groundwater flow from the Murdoch University wetland, and groundwater is 

likely to be diverted under it. The calcretised lens in profile 1F further to the west would 

impede the resultant groundwater flow towards it, redirecting flows to the north and south of 

site 1F. 

In Transect 5 (Figure 12), the stratigraphic position and size of the limestone lens in bore 5I 

means that it does not interfere with the diagenetic plume from Lake Bibra along this 

trajectory.  In Transect 6 (Figure 13), the stratigraphic position and size of the limestone lens 

in hole 6E means that it is directly involved in maintaining water within the wetland basin of 

Bibra Lake. 

In the wetter wetland basins (sumplands), the fills exhibit various thicknesses of a mud 

comprising combinations of diatom fragments, sponge spicules, phytoliths, quartz silt and 

kaolin clay.  This wetland mud forms a hydraulic barrier or plug, or at least an impedance, to 

lateral groundwater flow into the wetlands and to vertical groundwater rise.  As a consequence 

of this sediment plug, seasonally groundwater; 

1. Mounds on the eastern margins; 

2. Is diverted around the wetland basins; 

3. Is diverted under the wetland basins; and  

4. Wells up on the western side of the basin where it is unconfined.  

 The dimensions of these effects are not able to be determined within the current stratigraphic 

and hydrologic drill core framework. 
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The presence of muddy sands in isolated lenses in bores B, C and F, suggests palaeo-

channels in the subsurface.  Knowing the extent, geometry and configuration of these buried 

sediments would be useful as they provide planes or buried surfaces for subsurface water 

flow.  The water levels in nested piezometers B, C and F, acted independently of each other 

(Appendix 4), suggesting that groundwater is alternately driven by infiltration and subsurface 

perching on the buried muddy sands at these sites and that the flows are very responsive to 

rainfall events.  Other sites within this vicinity (2E, 3D) also show a sensitivity to rainfall 

events, rising and falling with little lag time and affecting the local hydraulic gradients. 

Buried wetland sediments were identified on stratigraphic criteria at a number of sites: 1C, 2B, 

3B, 4A, 5A, 5G, 7B and on the transect through Roe Swamp.  This stratigraphic evidence has 

since been supported by archival aerial photographs which show a much larger extent of 

wetland habitat in the area.  The importance of buried wetland sediments is twofold.  Firstly, 

these sites to a variable extent, still function hydrogeologically (though not ecologically) as 

wetlands with shallow water tables.  They exhibit comparatively rapid recharge and have a 

tendency to waterlog for seasonal periods.  Secondly, the sediments in these buried wetlands 

increase the stratigraphic complexity of the area by providing sediment layers, which either 

retard water flows, or preferentially conduct groundwater in the near surface.  In this context, 

though not functioning ecologically as wetlands, they have ecological and hydrogeological 

importance as subsurface water sources for GDEs. 

Very coarse sand layers at the ground surface will increase the rate of recharge to the water 

table at a given site, and in the subsurface they will be important in determining discharge and 

through flow rates and pathways.  Sites in the delivery zone of Transect 4 and sites 6A and 7A 

provide examples of where these processes may occur. 

Finally, the diagenetic alteration of sediments has had an effect on the wetlands and 

groundwater by affecting the water flows, particularly within the wetlands and at the wetland 

margins.  Limestone lenses have been calcretised, decreasing their porosity, sands have been 

cemented by iron oxide, decreasing their permeability, and leaching of iron oxides from the 

quartz grains has altered the hydrological interstitial and pellicular properties of these 

sediments.  

The combined effects of limestone lenses, diatomite fills, kaolin clays, buried wetland 

sediments, interlayered very coarse, coarse, and medium to fine sands, and diagenesis have 

increased the sedimentary and stratigraphic complexity of the North and Bibra Lakes area and 

increased the number and importance of small scale localised and seasonal hydrological 

processes.  Some of these effects become more important during relatively dry seasons, some 

become important at the beginning of the winter rains when the ecosystem is susceptible to 

the effects of the “summer drought”, and some are important at the end of winter when water 
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discharge is active.  These effects occur in all three zones, the delivery zone, the wetland 

zone and the impoundment zone. 

Cuts-and-fills will permanently change the hydrological properties of the shallow stratigraphic 

layers that either perch or retard vadose percolation.  At present such layers, based on 

properties of interstitial mud content, may perch rainwater, retard vadose percolation, or retard 

water through-flow (the latter locally channelling water along former, now buried, channel-

ways).  These hydrological functions have an effect on the wetland flora and biodiversity.  

Cutting-and-filling will, in the first instance, perforate those shallow stratigraphic layers that act 

in this capacity, and in the second instance, replace part of the stratigraphic layer with 

material (the ‘fill”) that will have different hydrological properties to the original layer, and 

thereby alter the extent that the layers will perch or retard water and altering the water 

balance. 

The sands and other sediments in the area are variable laterally and stratigraphically, varying 

from sand, to slightly muddy sand to muddy sand to mud.  If the nature of the sand matrix is 

grain-dominated in a grain-support structure throughout the stratigraphic column, with 

hexagonal packing mode, the weight of the road will not alter the porosity of the subsurface.  If 

the nature of the sand matrix is slightly muddy sand to muddy sand at the surface or within the 

upper parts of the stratigraphic column, the weight of the road may alter the properties and 

porosity of the surface and shallow subsurface, and there is potential for intergranular slip, 

particularly if the sediments are wet or moist. 
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Figure 32 North/south transect showing intermittent limestone lenses 
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Figure 33 A second north/south transect again showing intermittent limestone lenses 
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7.0 INTERPRETATIONS OF HYDROLOGY & HYDROCHEMISTRY 

At a coarse scale, that is of the area within the western part of the Bassendean Dunes and the 

eastern part of the Spearwood Dunes, the hydrologic system conforms to that described 

regionally elsewhere (i.e. there is a westward discharge of groundwater, in this case from the 

Jandakot Groundwater Mound, as reflected by the gradual fall in water table towards the 

west), intercepted by wetlands, and partially retarded by the limestone-bearing Spearwood 

Dunes that results in local mounding of groundwater along the Bassendean Dunes / 

Spearwood Dunes interface.  This hydrological pattern is driven and maintained by local 

rainfall (that recharges the local aquifer) and by throughflow from eastern areas through the 

various aquifers. 

However, while there is this general coarse scale pattern, in detail, because of stratigraphic 

variability, layers of relatively less permeable strata, wetlands that have sedimentary fill that 

can perch rainwater and that can perch a water table that has risen to above the ground 

surface, buried wetlands that can perch rainwater or a water table that has risen to above the 

level of the buried wetlands, conduits that are relatively more permeable, or conduits that are 

“trough-like” corridors, and preferential pathways in the subsurface in the Spearwood Dunes, 

there is much local variation and perturbation of the general coarse pattern.  Consequently the 

area is hydrologically complex: there are wetlands that perch rain water, there are wetlands 

that are windows to the water table, and there are pathways with various flow rates in the 

Bassendean Sand and the limestone-and-sand system of the Spearwood Dunes.  Accordingly, 

application of a model to this system is unrealistic, and prediction of groundwater flows in 

terms of local directions and rates is not scientifically feasible. 

What is provided below is a description of the hydrological patterns at the coarse scale, and 

where data are available locally, a description of the hydrological patterns at the finer scales. 

To achieve this, in this section, the monthly hydrographs and contour maps are examined, and 

variability in local groundwater gradients, flows and levels interpreted.  Variability in 

groundwater gradients, flows and levels depends on local recharge rates and water table 

responses to rainfall, which are determined by several interrelated factors: the nature of the 

underlying sediments and stratigraphy, the depth to the water table, and the role that wetlands 

play in determining flow directions.  However, even though there has been a large amount of 

stratigraphic and hydrologic data collected, as noted earlier, it must be stressed that the 

interpretations presented below are based on hydrographs derived from only six months of 

monitoring, and from a year that was relatively “dry” in terms of annual precipitation.  Wetter 

than normal years, and average rain fall years may trigger aquifer responses that were not 
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evident in the year 2010, e.g., wetlands that are currently maintained by groundwater in the 

shallow subsurface may become dominantly perching wetlands in wetter years. 

7.1 GROUNDWATER LEVELS 

Below is an interpretation and discussion of the water level results collected from each drill 

site.  

7.1.1 Water Levels 

In the wetland sites where piezometers were installed (4B, 5B, 6B), most unconfined water 

levels remained low.  Although surface water was present in July in North Lake, Bibra Lake, 

Roe Swamp, Melaleuca Swamp and Lower Swamp, groundwater levels were still 

approximately 2 m below the ground surface (Appendix 4 – sites 2C, 2Fsth2) indicating 

groundwater and surface water perching.  Layers of diatomite, kaolinitic clay and iron oxide 

cemented sand are the lithologies involved in perching.  Perching of groundwater or surface 

water is an important process which allows wetland flora and fauna to access water before the 

sediments become well saturated, that is, earlier or for longer periods than the winter rainfall 

season.  In many wetlands perching is related to seasonality and may be of short duration, 

from 1-3 months.  In the Bibra Lakes system, under conditions of below average rainfall, 

perching persisted for the whole of the winter period in a number of sites (2D, 2Fsth2, 5C, 5G, 

and additional sites C, F).  However, in other sites (2C, 6B, and additional sites B), perching 

was temporary and groundwater and surface water merged as the water table rose.  In other 

wetland sites, for 2010, no perching occurred (2B, 3C, Roe Swamp, 5B, 7B, 7D).  In Table 3 

the hydrological processes which have been identified to date are listed against each wetland 

basin. 
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Table 3 Known hydrological processes occurring in wetland basins in the Bibra Lakes 

system 

Wetland and site Identifiable hydrological 
process that maintains 
the wetland 

Supporting evidence 

(levels relative to AHD) 

Murdoch Melaleuca Swamp 

Site 2B Unconfined groundwater 
intersecting the wetland 
surface 

June water table = 16.00 m 
surface water level = 16.00 
m  

August water table = 16.12 
m surface water level = 
16.12 m; 

i.e. piezometric surface and 
surface water are same 
level 

Site 2C Surface water perching 

Semi-confined groundwater

July water table = 16.40 m 
surface water level = 16.26 
m  

August water table = 16.28 
m surface water level = 
16.12 m 

i.e. piezometric surface is 
higher than unconfined 
surface water 

July A Surface water perching in 
August 

Semi-confined groundwater

August water table = 15.70 
m surface water level = 
15.85 m 

Sept water table = 15.82 m 
surface water level = 15.82 
m 

i.e. groundwater rises to 
intersect the ground surface 
in September and merge 
with perched surface water  
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Wetland and site Identifiable hydrological 
process that maintains 
the wetland 

Supporting evidence 

(levels relative to AHD) 

Roe Swamp surrounds 

Site 3B Unconfined groundwater 
near the wetland surface 

Water table fluctuations in 
response to rainfall on a 
monthly basis - March to 
September 2010 between 
14.58 - 15.72 m 

Wetland sediments are  
quartz sand with no 
perching capacity 

Roe Swamp 

Site 4B Unconfined groundwater in 
margins, 

Central basin hydrology 
unknown 

Water table fluctuations - 
March to September 2010 
between 15.48 - 16.04 m 

Roe Swamp surface water 
level = 16.04 m 

Site at wetland margin 
underlain by quartz sand 

Lower Swamp 

Site 2Fsth2 Surface water perching 

Semi-confined groundwater 

August water table = 14.24 
m surface water level = 
14.57 m 

i.e. surface water is higher 
than piezometric surface 
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Table 3 above shows clearly that some wetlands are windows to a water table, some are 

perched systems, and some are complex in that they are maintained by both processes. 

During the period of groundwater recharge, at nested bore sites 2D and 5G, water tables in 

the shallow bores were higher relative to AHD than in the deeper bores, indicating vertical 

downward flow, consistent with rain infiltration.  However, in nested bores 5C, 6B, water tables 

in the shallow bores were lower relative to AHD than in the deeper bores, indicating vertical 

North Lake 

 Not possible to interpret in 
detail 

August surface water level 
= 12.66 m 

2# site August water table = 
13.10 m 

i.e. flows may discharge 
onto wetland surface, or 
may discharge into wetland 
groundwater or may be 
diverted around or under 
wetland 

Horse Paddock Swamp 

 Unknown  

Bibra Lake 

 Not possible to interpret in 
detail 

August surface water level 
= 13.74 m 

5D site August water table 
= 14.24 m 

i.e. flows may discharge 
onto wetland surface, or 
may discharge into wetland 
groundwater or may be 
diverted around or under 
wetland 
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upward flow, consistent with wetland margin hydrology (Figure 24).  The water levels in nested 

piezometer sites B, C and F acted independently of each other (Appendix 4), but high levels 

alternated between July and August 2010 occurring in the shallow (July) and then in the 

deeper (August) piezometers.  This suggests that vertical gravitational flow dominates at these 

sites, only temporarily retarded by the layer of ferricrete. 

Water levels in the paired (nested) bores merged at different times.  At site 6B, levels came 

close to merging in July, August, and September, but began to diverge again when 

groundwater discharge began to dominate in October 2010.  Site B shows a similar trend.  At 

site 2D, the water levels came close to merging in June 2010, and then again, in January and 

February 2011.  It appears that the greatest separation occurs in association with early rain 

infiltration.  At site 5C, the water levels remained consistently separate during water table 

fluctuations, as they did at sites C, D, and F.  At site 5G, levels became contiguous briefly in 

August 2010 before diverging again. 

During the period of groundwater discharge, rates of discharge were similar for each of the 

paired (nested) bores, even though levels remained disparate (4-20 cm) (Appendix 2, Figure 

20).  The higher levels occurred in the deeper bores, with the exception of site 5G. 

It is possible that the separate water bodies, observed in the nested bores, would more quickly 

merge under conditions of higher annual rainfall.  However, if the volume of rain were to 

increase during the winter (approaching the average), but its distribution (isolated intense 

rainfall events) stayed the same as in 2010, then it is equally possible that the effects of 

perching would be greater at the aforementioned sites and this would be reflected in the 

configuration of the regional groundwater contours. 

7.1.2 Recharge and Discharge 

Variations in recharge rates and water table responses to rainfall became apparent early in 

the monitoring programme in this project after the storms in early April 2010.  Water table 

rises in response to the storms varied from 6 – 68 cm, while at some sites water levels 

continued to remain level, or even to fall.  When water table responses to the April storms 

were examined in terms of depth to water table, it became apparent that this accounted for 

71% of responses, however, this left 30% (11) of sites unexplained.  In such a small area, this 

was an important finding.  This picture shows that recharge is variable across the project area, 

and the groundwater hydrology is not a simple model of uniform groundwater flow within a 

homogeneous aquifer driven by hydraulic gradients, and as such is a factor that makes it 

difficult to predict short term groundwater mounds which are likely to occur locally.  It is clear 

that the wetland mud fills impede water table rise, but also that they prolong the presence of 

surface water through perching, and that depths of surface water can rise quickly from a single 
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rain event.  Depth of surface water, even under the low rainfall of winter 2010 was 0.3 m in the 

smaller wetlands and 1.3 m in Lake Bibra and North Lake.  How, and to what extent, variable 

recharge rates affect the rate of groundwater movement across the area is unknown. 

Variations in discharge rates between January and February 2011 range from zero to 29 cm, 

with the greater volumes occurring under sites in the zone of delivery and under wetland sites.  

The rapid loss of groundwater in the delivery zone is attributed to the unimpeded groundwater 

through flow, and, in wetlands, to increased evapo-transpiration 

7.1.3 Groundwater Flows 

Sediment textures and fabrics determine the size and shape of the interstitial pores through 

which water flows, directly influencing the directions and velocities of gravitational and lateral 

groundwater flows.  Several examples are provided below (Figures 8-14): 

 Minimum water levels in the wetlands (sites 2B, 3B, 3C, 3D, 4B, 5B, 5D, 5G, 6B and 7B) 

were generally < 2 m below ground surface, however, the accumulation of a mud, composed 

of sponge spicules, diatoms and phytoliths, impeded the groundwater rise in the sedimentary 

fills of Lower Swamp and wetland site 2C, so that the water tables in these basins were 

lower than the immediate surrounding areas and below the regional gradient. 

 Only one water level was intersected in the limestone lenses (1F); in the remaining profiles 

(1Fx, 1E, 5I and 6E), the water table occurred in the underlying quartz sands.  In a 

comparison of two profiles at similar stratigraphic heights relative to AHD, viz., 1E containing 

a limestone lens and 1D with no limestone lens, it can be seen that, at the scale of the 

drilling, the lens did not impede the movement of the groundwater, and the position of the 

water table is aligned with the regional hydraulic gradient. 

 At several sites (5G, 6B, 5C) there were two separate water levels separated by the iron 

oxide cemented layer within the profile. 

 Layers of very coarse, coarse and coarse to medium quartz sands in Transects 3, 4, 5, 6, 

and 7 provide rapid conductivity of groundwater through the sediments of the delivery zone. 

The longer term rainfall record and hydrological history are reflected to some extent in the 

stratigraphic record and hydrogeological response.  The composition of the sediment denotes 

the specific wetland conditions under which it accumulated and, from this, rainfall can be 

inferred.  Changes in sediment type down profile signal a change in hydrological conditions in 

the wetland. 
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Stratigraphic partitioning functions in different ways under different rainfall conditions.  For 

example, under below average rainfall, a subsurface impervious layer will perch the locally 

infiltrated water, thereby affecting recharge rates.  With above average rainfall, the same 

stratigraphic layer will separate lateral flow into flows above and below it.  In both of these 

situations the presence of the hardpan will perturbate either the vertical or lateral flow. 

This area has been described as hydrologically complex because all of the following 

hydrological patterns occur: rapid conductivity and through flow, impedance of lateral flow by 

wetland fills, impedance of lateral and vertical flow by buried wetland sediments, impedance 

and perching on iron cemented sands and muddy sands in the subsurface, local flows along 

palaeochannels, perching of surface water in some wetlands, and seasonal reversals of flow.  

Variable rainfall volumes (above average rainfall) and changes to rainfall frequency patterns 

are likely to increase the complexity of the local hydrological responses.   As described above, 

groundwater water flows generally from east to west or southeast to northwest across the 

North Lake Bibra Lake area, however, the drilling programme has shown that these flows are 

not necessarily homogeneous across the area, with some areas conducting groundwater more 

rapidly than others, and perturbations created by the spatial positions of the wetlands and the 

thickness and composition of their wetland fills. 

Where groundwater flows occur in a contrary direction to the regional pattern, it is in response 

to the geographic position of the site.  Sometimes this is related to the location of a wetland 

basin towards which groundwater flows (T2Fsth2), and sometimes it is related to the 

impedance of normal east west flow by wetland sedimentary fills or buried wetland sediments, 

such as at sites 3D, 3E, F, 4D.  It is uncertain whether these directional flows are related to 

lags in recharge of the water table caused by varying depths to water, or are seasonal and 

dependent on the short term gradients formed at high or low water levels. 

7.2 GROUNDWATER CHEMISTRY 

In this section, the results of the chemistry of the groundwaters sampled at minimum water 

level and during the first seasonal flushing of the sediments, are examined and interpreted.  

The following features of hydrochemistry are discussed:  

1. Patterns of distribution of chemical species and water characteristics; 

2. Differences in hydrochemistry between shallow and deeper water bodies; 

3. Wetland “export” mechanisms; and  
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4. The role of flushing in contributing to the groundwater chemistry and exporting 

chemical compounds from the groundwater under the wetlands. 

Levels of lead (Pb), arsenic (As), iron (Fe) and calcium (Ca) in the groundwater were plotted 

and examined for three periods: at low water, and for two separate months to capture the 

effects of the first flush.  With the exception of site T1Fx in the Alan Edwards Park, Pb was 

mainly detected on the eastern side of the wetland chain in the hydrological delivery zone.  

The sites with detectable lead concentrations in the groundwater were adjacent to major roads 

and car parks, Murdoch Carpark 7, Murdoch Drive, Farrington Rd and Bibra Drive (Figure 34).  

However, there were a number of sites, T2#, E, and G, where Pb was detected away from 

main roads, indicating that plumes may be slowly moving west and northwest towards the 

wetlands.  The distribution of As correlates with sites in wetland margins (2F#, 2F, 2Fsth 1, 

2B, 2D, 5G) (there are no data for the wetland centres) (Figure 35).  The distribution of Fe in 

the groundwater is probably related to acidic waters and ferricrete in the sediment profile 

(Figure 36-36). 

 

Figure 34 Sites and concentrations of Pb (mg/L) in groundwater for three sampling 

times: low water (LWL), first flush of rain (FF1), and after winter rain (FF2) 
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Figure 35 Sites and concentrations of As (mg/L) in groundwater for three sampling 

times: (LWL), (FF1), and (FF2) 
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Figure 36 Sites and concentrations of Fe (mg/L) in groundwater for sampling times: 

(LWL) 
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Figure 37 Sites and concentrations of Fe (mg/L) in groundwater for sampling times: 

(FF1) and (FF2) 
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From Figure 38 and 38 it can be seen that at low water the resident Ca variations are due to 

point sources of contamination, such as the Cockburn industrial area, and the Murdoch 

veterinary paddocks.  During the first flush, Ca concentrations in groundwater were reduced, 

particularly along Transects 1, 3, 4 and 7 and the north/south transect from site 2F into Lower 

Swamp.  During the hydrological flushing of the deeper bores in June, the pattern indicates 

localised delivery and build-up of Ca in solution at nearly all sites in both the hydrological 

impoundment zone west of the wetlands, and the hydrological delivery zone east of the 

wetlands.  The levels of Na in the groundwater under the various bores, indicate a similar 

process is occurring for this cation, and highlight the importance of maintaining uninterrupted 

local and regional recharge and through flow. 

Different acidity levels, salt concentrations, and concentrations of Fe, Pb, and As in the 

shallow and deep bores confirm that the groundwater consists of disparate and separate 

groundwater bodies, related to a layered aquifer, during summer and autumn until the end of 

winter.  Shallow water bodies are slightly more acidic, corresponding to the slightly acidic 

character of rainfall.  The shallow water bodies at sites 2D and 5C also have a higher level of 

dissolved salts; shallow water bodies appear to be the conduit for Fe, while the deeper water 

bodies contain and transport the lead and arsenic. 

Two diagenetic plumes were investigated: the diagenetic plume from 5G and the diagenetic 

plume from Lower Swamp towards North Lake.  The diagenetic plume from 5G exhibits higher 

than average levels of Ca, Na and K, indicating transport of excess concentrations of these 

cations from the waters in Lake Bibra.  It appears that it is the deeper water body that is 

involved in exporting salts and cations. 

As occurs in the sediments and groundwater of wetland margins (2F#, 2F, 2Fsth 1, 2B, 2D, 

5G) (there are no data for the wetland centres), and is present in the plume emanating from 

site 5G on the western lake margin.  This export of As from Lake Bibra suggests that some 

proportion may also be exported from Lower Swamp into North Lake.  This was not verified in 

this study due to restrictions on sampling North Lake. 

Flushing is an important process for the wetlands and groundwater in the Bibra Lakes system.  

Although it results in temporary increases in the concentrations of soluble ions and salts at a 

number of sites, these increases do not persist, indicating export of excess levels out of the 

system in the groundwater through flow. This local flushing and continued export from the 

wetland system is important in facilitating the functions of the wetlands, especially the 

maintenance of freshwater, the maintenance of habitats and the maintenance of wetland and 

groundwater dependent plant species. 
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Figure 38 Sites and concentrations of Ca (mg/L) in groundwater for sampling times: 

(LWL) and (FF1)   
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Figure 39 Sites and concentrations of Ca (mg/L) in groundwater for sampling times: 

(FF2) 

8.0 CONCLUDING COMMENTS 

The outcomes of the detailed investigations have elicited a number of patterns and processes 

occurring within the Bibra Lake system that underpin its values and functions.  

Hydrogeological & Chemical 

Hydrogeological and chemical processes can be summarised as follows: 

 Sediments and groundwater are strongly inter-connected, each factor influencing the other 

and both affecting geochemistry and hydrochemistry and plant responses 

 Wetland stratigraphy is determined by intrabasinal accumulation (phytoliths, sponge 

spicules, diatomite, organic matter). 
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 Wetlands play a role in the diagenetic alteration of adjoining sediments through generating 

hydrochemical plumes that interact with the sediments, (Figure 8, 10) and through 

cementation, alteration connected to seasonal groundwater fluctuations, and bleaching 

related to throughflow, impedance, rapid infiltration and leaching (Sections 5.1, 6.1, Figures 

Figure 10, 13). 

 Wetlands act as discharge basins for groundwater (Roe Swamp and its northern surrounds) 

and perturbate the east west flow of the regional groundwater and cause variable rates of 

groundwater flow around them between maximum and minimum water level positions 

(Figure 24-26; North Lake, Bibra Lake, Lower Swamp, Melaleuca Swamp). 

 Wetlands impede and redirect subregional groundwater flows. 

 The hydrologic relationship between the three north/south wetland basins has not been 

investigated due to access restrictions. 

 The contact zone between the wetland basins and the limestone ridge needs to be further 

clarified and explored to avoid alteration of subregional groundwater flows. 

 At the margins of wetlands there is likely to be more than one water level on which plants are 

dependent (sites 2D, 5C, 5G, 6B). 

 Hydrochemical plumes occur on the western side of each wetland, and to a limited extent in 

other peripheral zones around wetlands (Figures 8, 9, 10, 11, 13). 

 The thickness of the fills in the major wetland basins in the region is still unknown. 

 Buried wetland sediments extend in the subsurface beyond the margins of the wetlands 

extant today (Figures 9, 10, 28, 29). 

 Buried former wetlands and their sediments, and buried wetland margins replicate in part the 

hydrological and geochemical effects of extant wetlands. 

Hydrological 

 Groundwater at the margins of wetlands is dynamic, ranging from temporary mounding, to 

rapid flow, to reverse flows separating into distinct water bodies that affect sediment 

diagenesis and GDEs (Transects 2F, 2, 3). 

 Groundwater at wetland margins, separates into distinct water bodies, which sometimes 

merge together at the end of winter, (site 2D), and sometimes, during below average winter 

rainfall, remain independent.  
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Multidirectional flows may be related to lags in recharge of the water table caused by varying 

depths to water, or may be seasonal and dependent on the short term gradients formed at 

high or low water levels.  

Key gaps in understanding the wetland system are as follows: 

 The hydrologic relationship between the three north/south wetland basins has not been 

investigated due to access restrictions. 

 The contact zone between the wetland basins and the limestone ridge needs to be further 

clarified to avoid alteration of subregional groundwater flows. 

 The thickness of the fills in the major wetland basins is still unknown. 

What the results mean for road construction 

The findings in this report have several important implications which need to be considered 

when planning the route of any highway extension. 

 The different composition, fabrics and textures of the sediments occurring in the area 

(diatomite, kaolin clay, organic matter, phytoliths, very coarse quartz sand, medium and fine 

sand) have variable and diverse properties of transmissivity, water retention capacity, and 

hydraulic conductivity, which, in combination, maintain the wetland mechanisms and 

determine how the wetland system functions and how GDEs function and are maintained. 

 Cemented layers such as ferricrete and limestone within the stratigraphic sequences provide 

an important hydrologic function and should not be removed from any profile. 

 Compacted sediments are not synonymous with the same as the diagenetically cemented 

sediment layers interspersed within the stratigraphic sequences, and cannot be considered 

an interchangeable substitute. 

 Both regional groundwater levels and the higher perched water levels need to be considered 

in hydrological planning to maintain flow to wetlands, maintenance of wetlands, and GDEs 

 The effects of average, or above average, winter rainfall on hydrogeology in this region and 

the Bibra Lakes area have not been determined, that is, the interpretations provided above 

are based on the hydrological patterns during a relatively dry winter. 

 Flows into and out of wetlands should not be disrupted, increased or decreased, or changed 

in terms of velocities and frequencies. 
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 Groundwater and sediment flushing mechanisms, identified in this report, need to be 

maintained to keep sediments, groundwater and vegetation from becoming chemically 

overloaded or geochemically altered. 

 Hydrological and hydrochemical interactions can be proximal AND distal, and can have 

proximal AND distal effects, and the effects of any proposed road works must consider both, 

and not just focus on local (proximal) impacts immediately adjoining any road. 

 Buried wetlands have a hydrological and geochemical effects in maintaining subregional 

groundwater flow, hydrochemistry, and on GDEs, but it is difficult to predict the three-

dimensional detail stratigraphically, hydrologically, geochemically, and hydrochemically. 

 Wetlands require hydrological and geochemical and hydrological buffers. 

 Minimising impacts may not be sufficient to maintain this complex system and its ecological 

values. 

 The stratigraphic and hydrologic investigations point to Transect 7 as being the preferred 

route because the impacts on the environment and specifically the hydrogeology are minimal 

along this route. 
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PART 3: GDE INVESTIGATIONS  

9.0 BACKGROUND 

Studies of the groundwater dependent vegetation and species present were required to 

address the gaps in existing knowledge (Part 1).  This Chapter describes the further studies 

undertaken, in particular to: 

 Assign vegetation and species to water dependency categories; 

 Map GDE communities and species. 

The groundwater dependent ecosystem investigations were as follows: 

1. Categorise vegetation species according to groundwater requirements (e.g. facultative, 

obligate, etc) and surface water requirements and rank tolerances to vertical changes 

in water depth and hydroperiod. 

2. Identify key attributes, functions and values of GDEs/wetlands within the project area 

(assessment of adjacent wetlands may be required) and define the hydrogeologic, 

hydrochemical, biologic and physical properties that underpin the functions. 

9.1 DEFINITIONS 

A groundwater dependent ecosystem (GDE) is an ecosystem which requires the input of 

groundwater to maintain its current position, function and composition (Eamus et al. 2006a).   

There are three broad types of GDE’s in Australia as defined by Eamus et al (2006b);  

1. Aquifer and cave systems;  

2. Ecosystems dependent on the surface expression of groundwater; and  

3. Ecosystems dependent on the subsurface presence of groundwater, often accessed by 

the capillary fringe. 

The Eamus et al. (2006b) approach was to identify ecosystems associated with a common 

groundwater source. Implicit within Types 2 and 3 are the associated faunal, microbial and 

fungal populations however usually the focus is on vegetation components of the ecosystem 

as there tends to be more information (Eamus et al. 2006). This broad classification forms the 

current basis for GDE mapping in Australia.  
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Within the broad classification, the species present in the GDE’s can be further classified into 

how they access the groundwater. 

Type 1: Ecosystems dependent on the surface expression of groundwater 

 Wetland species – Groundwater or surface dependent 

Type 2: Ecosystems dependent on the subsurface presence of groundwater, often 

accessed by the capillary fringe 

 Groundwater Dependent species – plants with their roots embedded in the water table, of 

which there are two types: 

o Obligate – those species wholly dependent on groundwater  

o Facultative – use groundwater when it is available but utilise other water 

sources or physiological processes in its absence 

 Subsurface perched:  plants which utilise water from subsurface perched superficial aquifers. 

 Vadose Zone: plants which utilise soil moisture in the vadose zone above the groundwater 

table. 

9.2 BROAD VEGETATION & FLORA DESCRIPTION 

Within the western Spearwood Dunes, adjacent to the wetlands, the natural vegetation has 

been mapped as Eucalyptus gomphocephala (Tuart) - Eucalyptus marginata (Jarrah) – 

Corymbia calophylla (Marri) tall open forest, and woodland of E. marginata and Banksia 

species (Heddle 1980). The remnant vegetation has been assigned to the Floristic Community 

Type 28 (Gibson et al. 1994) which is typified by open forest to woodland dominated by 

Eucalyptus marginata, Banksia menziesii and Banksia attenuata (VCSRG 1988; Bright 2001). 

Much of the remnant woodland either has no understorey or has an understorey where weeds 

predominate.  

The eastern Bassendean Dunes comprise woodlands of Eucalyptus marginata – Corymbia 

calophylla – Banksia – Allocasuarina fraseriana. The remnant vegetation has been assigned to 

the Floristic Community Type 23a (Gibson et al. 1994) which is typified by woodland 

dominated by Banksia menziesii and B. attenuata (VCSRG 1988; Bright 2001) with 

understoreys ranging from intact with minor weed infestation to absent.  
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The fringing woodland surrounding the wetlands includes Eucalyptus rudis, Melaleuca species 

(Heddle 1980) and Melaleuca teretifolia scrub (VCSRG 1988; Bright 2001), which typifies the 

wetland vegetation.   

No detailed floristic Level 2 surveys (EPA 2004) have been conducted within the study area, 

however AECOM have completed this level of survey within the MRS alignment as part of this 

study (SMC, 2010). 

10.0 GDE INVESTIGATION METHODOLOGY  

10.1 GDE MAPPING 

The methodology utilised for GDE determination was to undertake vegetation and species 

mapping within the study area. These were then classified according to known or field verified 

GDE categories as follows: 

 Plant water dependency (from existing databases); 

 Rooting depth of the vegetation; 

 Soil water retention characteristics (how much water within the soil is available to 

vegetation); and 

 Hydrological and stratigraphic data (from previous section). 

The identification of GDEs using these parameters provides the most accurate measure of 

groundwater dependence as it directly accounts for the properties of the soil accessed by the 

vegetation. 

This approach is consistent with the approach to GDE mapping described by Eamus, et al. 

(2006), Eamus (2009) and Froend and Loomes (2004). 

During fieldwork a pragmatic approach was adopted and the methods were further refined 

when necessary, particularly in relation to key indicator species due to the lack of detailed 

vegetation mapping in the project area. A combination of known plant water use 

characteristics from the literature and local patterns as determined by field investigations 

(depth to groundwater, evidence of root structuring in core sampling etc) was used. 
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10.1.1 Preliminary Classification of Indicator Species – Existing Information 

A preliminary list of indicator species with groundwater dependency was identified based on a 

literature review of all previous published and accessible unpublished data.  This was 

undertaken by collating a list of all known species within the project area using data from all 

previous vegetation surveys (Bright, 2001; VCSRG 1988; Syrinx Environmental PL 2006; SMC 

2010). All species on the species list were assessed to determine plant water dependency. 

Species known not to be groundwater dependent species, that is, species known to only use 

surface water year round were removed from further assessment.  

Published and unpublished literature was used to categorise the remaining species according 

to how they access the groundwater as well as any known information on their response to 

hydrological change such as critical depth changes, rate changes and hydroperiod. Where this 

was not possible, the rooting depth and soil moisture data was used to infer classification.  

Previous vegetation surveys, including Bright (2001), VCSRG (1988), Syrinx Environmental PL 

(2005) and AECOM (2010), were overlaid on the latest digital aerial photography to determine 

potential areas of GDE’s. This data was used to determine the potential locations of indicator 

species and therefore the most appropriate locations for transects prior to fieldwork. 

10.1.2 Fieldwork 

The fieldwork was conducted by Narelle Mewburn (Restoration Ecologist, Collecting Licence 

no SL008809). Anita Cole (Environmental Scientist, Collecting Licence no: SL008804), Rada 

Tomanovic (Environmental Scientist, Collecting Licence no: SL008803) and Sandra Santich 

(Senior Botanist, Collecting Licence no: SL008805). Fieldwork was undertaken on the 

following dates: 

 18, 23, 25, 29 to 31 of March 2010 (Bibra Lake GDE Mapping) 

 4, 6, 13 and 18 May 2010 (North Lake GDE Mapping) 

 8 and10 of June 2010 (Murdoch GDE Mapping) 

 6 of July 2010 (Hope Road Vegetation Impacts Survey) 

 3 August 2010 (Weed Incursion and Age Structure) 

 9 August 2010 (Quality Control)  

In the areas identified during the desktop study, a total of 14 transect relevees were traversed 

in areas of remnant vegetation to assess zonation from the outer edges of the inundated 
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wetland zone to the furthest extent of vegetation communities where indicator species were 

present ( Appendix 2 ).  

When a zone changed along a given transect, a combination of field verification and aerial 

photography was used to determine the extent of the zonation. A zone change was 

determined when the dominant overstorey groundwater dependent species changed. The 

groundwater dependent species were grouped together in each zone, named as a sub-

community and mapped. A polygon was then made to delineate the extent of the groundwater 

dependent species sub-community. Note: only those species that were listed as an indicator 

species were used in this classification (see Table 4). 

Sub-communities were described using up to three dominant groundwater dependent species 

of three structural layers and structure assessed using the methods described in Keighery 

(1994). The naming of vegetation communities followed the nomenclature described in 

Keighery (1994). 

Point sample observations of GDE indicator species was recorded along the transect relevee 

to determine the population density within a GDE sub-community. The density was recorded 

by a ranking system (i.e. <10, 10- 50, 50-100, >100) within a 25m radius of a point within each 

community to provide a measure of occurrence within the GDE community.  

Opportunistic collections were made of species that were either associated with GDE indicator 

species or in high density within GDE sub-communities.  Although not listed on the original 

GDE indicator species list, these species were later verified in the herbarium following field 

work for possible inclusion on the indicator species list.  This opportunistic approach in the 

field best reflected the local conditions, allowing further refining of data collated from the 

literature review.  Any species not identified in the field was collected for identification at the 

WA Herbarium. Herbarium verifications were provided by Arthur Weston, Russell Barrett and 

Cate Tauss. 

Where available, the data from the hydrological and stratigraphic studies was analysed and 

overlaid with all existing data collected during the previous vegetation and species mapping 

fieldwork.  

Exotic species and areas of revegetation where no remnant native vegetation remained were 

not mapped. 
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10.1.3 Data Analysis 

The GDE sub-community polygons identified in the field were overlaid onto high resolution 

aerial photography to further define and confirm boundaries. This information was then 

transferred into ArcGIS software from which the final GDE sub-communities map was 

produced.  

Associated with this map a Microsoft Excel spreadsheet was created listing GDE sub-

community numbers, GDE broad communities, GDE sub-communities and the associated GDE 

indicator species found within each polygon. A species matrix was produced listing all the 

GDE sub-communities and their associated GDE indicator species (Appendix 3 ). This matrix 

allows analysis of the distribution and density of GDE indicator species across the study area.   

To determine the range of groundwater depths the indicator species were accessing during 

the study period the distribution of the GDE indicator species were overlaid on the depth to 

bores from the drilling program outlined in the Environmental Scoping Document (2010). 

Where the bores and distribution of indicator species were in the same location, the 

groundwater depth of the bores was used to determine the groundwater depth at those 

locations.  

10.2 SOIL MOISTURE 

Soil moisture testing 

In this method the soil moisture content is determined by comparing the mass of soil before 

and after oven-drying.  The soil moisture content is presented as a percentage of the oven-

dried soil mass.  

Apparatus 

 Sealed sampling containers 

 Balance 

 Oven 105oC-110oC 

 Heat-resistant weighboat 
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Methodology 

A hand auger was used to collect soil samples along several GDE transect lines. Where 

possible the soil samples were collected adjacent to indicator species. These samples were 

tested for soil moisture content, which was determined by comparing the mass of soil before 

and after oven-drying. Soil was collect in sealed canisters and kept cool until processing. 

Weighing & Drying methods were as follows: 

 Weigh clean weighboat (Mt) 

 Weigh a representative sample of moist soil in weighboat (Mw+Mt) 

 Dry in oven at 105oC-110oC until mass of sample is constant (overnight (~16 h)) 

 Weigh dried soil in weightboat (Md+Wt) 

 Allow sample to cool (in dessicator to avoid reabsorbtion of water) 

Calculation 

1. Soil moisture content was calculated as percentage of dry soil mass as follows:  

Soil moisture content = [[(Mw+Mt) - (Md+Wt)] / [(Md+Mt)- Mt] x 100% 

11.0 OUTCOMES OF INVESTIGATION 

11.1 INDICATOR SPECIES 

Indicator species chosen were from a suite of species known to occur on site from previous 

surveys, as well as ones added during the survey effort. Whenever possible the status was 

confirmed by published and unpublished literature as well as field observations. The species 

were chosen to ensure a mixture of all GDE types with a range of rooting depths. The intent of 

the range of GDE types was to provide surrogate species for any uncommon GDE species 

present that were not identified during the survey.  

All GDE species widespread throughout the study area were captured on the indicator species 

list. A total of 29 species were used, which represents all the dominant GDE species present 

within the study area (Table 4). Details of the literature used to confirm each species is shown 

in  Appendix 2  



 

 

syrinx environmental pl/vcsrg January 2011   91 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

Table 4 Groundwater Dependent Ecosystem Indicator Species 

Species GDE Type Published 
literature  

Unpublished 
literature & field 
observations 

Allocasuarina humilis Groundwater dependent   

Astartea scoparia Subsurface - perched   

Banksia attenuata Groundwater dependent   

Banksia ilicifolia Groundwater dependent   

Banksia littoralis Groundwater dependent   

Banksia menziesii Groundwater dependent   

Baumea articulata 
Wetland species - GW or 
surface 

  

Baumea juncea 
Wetland species - GW or 
surface 

  

Baumea rubiginosa 
Wetland species - GW or 
surface 

  

Centella asiatica  
Wetland species - GW or 
surface 

  

Conostephium pendulum Vadose zone   

Corymbia calophylla GW dependent - deep aquifer   

Eucalyptus 
gomphocephala Groundwater dependent 

 & 
unpublished 

literature  
 

Eucalyptus rudis Groundwater dependent   

Eucalyptus todtiana Groundwater dependent   

Hypocalymma 
angustifolium Vadose zone 

  

Kunzea glabrescens Groundwater dependent   

Lepidosperma 
longitudinale 

Wetland species - GW or 
surface 

 
 

Leucopogon 
conostephioides Groundwater dependent 

 
 

Meeboldina scariosa 
Wetland species - GW or 
surface 

 
 

Melaleuca lateritia Groundwater dependent   

Melaleuca preissiana Groundwater dependent   

Melaleuca rhaphiophylla Groundwater dependent   

Melaleuca teretifolia Groundwater dependent   

Schoenoplectus validus 
Wetland species - GW or 
surface 

 
 

Scholtzia involucrata Vadose zone   

Stirlingia latifolia Vadose zone   

Taxandria linearifolia Groundwater dependent   

Typha orientalis 
Wetland species - GW or 
surface 
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As wetland species spend part of their life cycle in standing water, they were generically 

mapped as dependent on either groundwater expression or surface run-off maintained.  

Typha orientalis was the only exotic species mapped as it formed a dominant part of several 

areas and its presence reflected altered hydrological conditions and nutrient status in these 

locations. 

11.2 GDE COMMUNITY & INDICATOR SPECIES DISTRIBUTION 

A total of 23 broad GDE Communities were identified during the study. Within these broader 

communities 70 sub-communities were identified. These sub-communities consisted of GDE 

indicator species in varying densities and composition. With such a large number of sub 

communities it is evident that this study area is a highly complex system. Figure 40 shows the 

location and extent of each GDE sub-community and identifies the broad community with 

which it is associated. 

11.2.1 Broad GDE & Wetland Community Types 

The broad GDE communities help to identify those communities that share a similar 

overstorey, with the complexity of these broad GDE communities expressed through the 

diversity of GDE indicator species within the understorey. 

The majority of the upland vegetation was dominated by the broad GDE communities of 

Banksia woodlands and Eucalyptus rudis tall woodland over mixed woodlands, however the 

latter broad community recorded several sub-communities within wetland areas. The wetland 

areas consisted of several broad communities; communities of tall closed scrub, closed 

sedgelands and closed forests were common and this complexity has been reflected in the 

mapping.  

Although Eucalyptus rudis tall woodland over mixed woodlands was a common broad 

community associated with dryland and in some cases wetland areas, the complexities within 

the understorey has meant that this broad community type has eight sub-communities; the 

GDE indicator species within this broader community ranged from 3-8 species per sub 

community and consisted of a total of 15 GDE indicator species. Similar in the dryland areas, 

the broad community of Banksia woodlands consisted of nine sub communities with a range of 

1-7 species per sub community. A total of nine GDE indicator species were recorded. 

The wetland areas showed a high complexity of GDE indicator species reflected in the detailed 

mapping of the sub communities. There was not one particular broad GDE community that 

dominated wetland areas, however Eucalyptus rudis, Melaleuca preissiana and Melaleuca 

rhaphiophylla were the typical overstorey GDE indicator species present within the wetland 
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areas. The complexity of the understory within the wetland areas meant that in most cases the 

sub-communities were only recorded once within the study area.  The relationship between 

these sub-communities and their underlying stratigraphy and hydrology is described in Section 

13.0. 

11.2.2 GDE Sub-Community Types 

Within the dryland and wetland areas the composition of GDE indicator species determined 

each sub-community. Within these sub-communities there were GDE indicator species that 

were common or often associated with each sub-community. Common indicator species within 

the dryland areas were Banksia attenuata, Banksia menziesii, Banksia ilicifolia, Corymbia 

calophylla, Leucopogon conostephioides, Stirlingia latifolia, Conostephium minus and 

Conostephium pendulum. Indicator species that were not common throughout the dryland 

areas but were associated with the dryland communities included Allocasuarina humilis and 

Scholtzia involucrata.  

In the broad Banksia woodland community south of Hope Road Banksia attenuata and B. 

menziesii were generally found at densities ranging from 10-50 plants per 0.2ha, however to 

the north of Hope Road the same species were found at densities of 50- 100 plants per 0.2ha. 

Scholtzia involucrata was generally found in degraded open sandy areas at a density of 10-50 

plants per 0.2ha and A. humilis was noted on the mid and upper slopes of the dryland 

communities, with densities ranging from 1-10 plants per 0.2ha. Although S. latifolia was 

common it was noted to be limited to the lower and mid slopes of the dryland areas with 

varying densities ranging from 10-50 plants per 0.2ha. Generally the lower the slope within the 

landscape the higher the density of S. latifolia.  

Banksia ilicifolia was found scattered throughout some of the Banksia woodland sub-

communities, however GDE sub-community 4, recorded east of Bibra Lake, was not 

associated with any other GDE indicator species. This was the case also for a smaller area 

within North Lake. GDE 70 was a restricted community of Eucalyptus gomphocephala. E. 

gomphocephala is commonly found along the limestone belt on the coastal plain and may 

represent an outlying population. This population was associated with the presence of 

limestone and calcrete. Corymbia calophylla and Eucalyptus todtiana were found to be present 

on the mid to upper slopes of the dryland areas. E. todtiana was only recorded in small areas, 

often with a degraded understorey. 
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Figure 40 GDE Communities Map 
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Figure 41 GDE Communities Legend 
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Dryland Areas 

The previous landuse of most of the dryland areas was grazing. The condition of the majority 

of the Banksia woodland in Bibra Lake demonstrates these historical landuse impacts with 

extensive weed cover and cleared areas. Many of the cleared areas have since been 

revegetated. Sub-communities 5 and 59 in particular are examples of the impact of grazing, 

with 59 having a degraded understorey of weeds and scattered shrubs and herbs compared to 

5 which has an intact understorey due to previously fencing. Extensive clearing for grazing 

practices extended beyond the Banksia woodlands; GDE sub-communities 8 and 9 are 

associated with revegetation of these cleared areas. GDE 8 consists of remnant E. rudis with 

common species used in revegetation including Agonis flexuosa and exotic eucalypts.  GDE 9 

had remnant stands of E. rudis and M. rhaphiophylla and was associated with native 

supplementary planting of Banksia spp., K. glabrescens, A. scoparia, Melaleuca spp. and H. 

angustifolium. GDE 20 surrounding Horse Paddock swamp is a degraded community with only 

remnant trees and no understory; this is also a result of the previous landuse. 

Wetland Areas 

In contrast to the dominant Banksia spp. in the dryland areas; the wetland areas were 

dominated by Eucalyptus rudis over Melaleuca species. The common Melaleuca tree species 

were Melaleuca rhaphiophylla and Melaleuca preissiana.  These two Melaleuca species were 

commonly associated with the Eucalyptus rudis either independently or collectively as closed 

forests. These dominant overstorey species were found at densities ranging from 50-100 

plants per 0.2ha within these wetland areas. Other common wetland species included Banksia 

littoralis, Taxandria linearifolia, Melaleuca teretifolia, Kunzea glabrescens, Astartea scoparia, 

Hypocalymma angustifolium, Baumea rubiginosa, Baumea articulata and Typha orientalis. The 

latter three species were recorded as closed sedgelands. 

Melaleuca teretifolia tall closed scrub (GDE 11) dominated the inner eastern portion of Bibra 

Lake, however it was also found to be associated with Typha orientalis and recorded within 

Eucalyptus rudis tall closed forest and Melaleuca rhaphiophylla closed forest broad community 

type. Kunzea glabrescens tall scrub was recorded in North Lake only. These monocultures 

were generally not associated with other GDE or wetland species with the exception of one 

small pocket of K. glabrescens which was associated with a Lepidosperma squamatum sens. 

lat. closed sedgeland (GDE 39), which may possibly be associated with surface runoff rather 

than groundwater as it is not a wetland species. The Kunzea thickets show resilience to weeds 

as they are almost impenetrable and have a layer of leaf litter which helps to prevent weed 

invasion. The distribution of K. glabrescens is not only limited to the dampland areas (although 

most commonly was found here); it was also recorded within the lower slopes of Banksia 
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woodlands which may suggest the presence of a watertable relatively close to the surface 

(recorded at 7 mbgL).  

Baumea articulata was found in several small areas across the study area and are probably 

remnants of previous widespread populations in Bibra and North Lakes; or could be evidence 

of springs. In North Lake B. articulata was recorded underneath a combination of E. rudis, M. 

rhaphiophylla and M. preissiana closed forests between Lower and Roe Swamp. In Bibra Lake 

it was found associated with T. orientalis (GDE 68). B. rubiginosa closed sedgeland (GDE 57) 

was recorded twice within the study area. B. rubiginosa is often associated with spring areas. 

GDE 57 within Bibra Lake was a very restricted community covering an area of approximately 

4m2. The small Baumea juncea closed sedgeland on the western side of North Lake may 

possibly be a community that has been revegetated. 

Within Murdoch swamp, Astartea scoparia closed tall scrub (GDE 54) was found at the highest 

density ranging from >100 plants per 0.2ha when compared to the remaining study area in 

which it was commonly found at densities of 10-50 plants per 0.2ha. As with all the tall closed 

scrub communities very little weed invasion was evident due to the high density of plants. 

Similar with GDE 56, H. angustifolium was a dominant understorey and was recorded at 

densities ranging from 10-50 plants per 0.2ha. In Melaleuca swamp the B. ilicifolia individuals 

were estimated to be over 10 meters tall and were found in excellent condition amongst a M. 

preissiana closed forest (GDE 50). The density of B. ilicifolia ranged from 10-50 plants per 

0.2ha. GDE 48 and 49 also had scattered B. littoralis, however these areas were severely 

impacted by grazing and encroaching grass from the surrounding paddocks. During the study 

pigs were noted within the wetland area and appeared to be a contributing factor to the 

degraded condition. GDE sub-communities 58 and GDE 23 had the highest number of GDE 

indicator species, 8 and 7 respectively; the species composition was a mix of tree, shrub and 

herb species. GDE 58 is dissected by Hope Road; the southern section is a very degraded 

version of the GDE 58 community found to the north of Hope Road and its degraded condition 

is most likely due to the change in hydrology associated with the road and drain located 

nearby. 

12.0 DEPTH TO GROUNDWATER & ROOTING DEPTH 

The range of groundwater levels are shown in Table 5.  As the groundwater depths are at the 

end of March the figures would represent the minimum groundwater depth required for GDE 

species survival at each of the bore locations. 

Several of the locations where species root depths are known to be 1-2m, the actual depth to 

groundwater was in excess of 11m. The species were flowering at the time of survey 
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suggesting these species used the water within the vadose zone for survival or were 

accessing a perched water table. 

Generic root architecture types have been previously described by Dodd et al (1984) for the 

Swan Coastal Plan (Figure 42). These morphotypes were used to categorise the various 

indicator species (Table 5). There is a lack of literature on the rooting depth and architecture 

of many of the GDE indicator species. However, of those which are known, the rooting depth 

and root architecture varied between species, however most belonged to Type 4. 

 

Figure 42 Rooting architecture of shrubs on the Swan Coastal Plain (Dodd et al. 1984). 

Note. Scale bar does not indicate max. rooting depth 

 

.  
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Table 5 Depth to groundwater and root architecture for GDE Indicator Species 

Species Depth to groundwater 

March 2010 (VCSRG 2010) 

Published 

literature  

Root 

Architecture  

Allocasuarina humilis  11 ‐ 15m  >2m  Type 4 

Astartea scoparia 

no bores within species 

distribution 
<1m 

Type 1 

Banksia attenuata  11‐18m   2‐30m  Type 4 

Banksia ilicifolia  7‐11m  1.5 ‐3.2m  Type 4 

Banksia littoralis  5m  1.5‐3.2m  Type 4 

Banksia menziesii  11m   2 ‐30m  Type 4 

Baumea articulata  6m  <1m  Type 2 

Baumea juncea 

 no bores within species 

distribution 
<1m 

Type 2 

Baumea rubiginosa 

 no bores within species 

distribution 
<1m 

Type 2 

Centella asiatica   11 ‐ 15m    Type 2 

Conostephium pendulum   11 ‐ 15m  1‐2m  Type 3 

Corymbia calophylla  11 ‐ 15m  >30m  Type 4 

Eucalyptus gomphocephala 

no bores within species 

distribution 
>9m 

Type 4 

Eucalyptus rudis  3‐9m    Type 4 

Eucalyptus todtiana 

 no bores within species 

distribution 
10m 

Type 4 

Hypocalymma angustifolium 

 no bores within species 

distribution s 
<1m 

Type 5 

Kunzea glabrescens  5‐7m  1‐2m  Type 1 

Lepidosperma longitudinale 

 no bores within species 

distribution 
<1m 

Type 2 

Leucopogon conostephioides  11m  1‐2m Type 3 

Meeboldina scariosa 

 no bores within species 

distribution 
<1m 

Type 2 
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Species Depth to groundwater 

March 2010 (VCSRG 2010) 

Published 

literature  

Root 

Architecture  

Melaleuca lateritia 

 no bores within species 

distribution 
1‐2m 

Type 4 

Melaleuca preissiana  5 ‐ 6m  <5m  Type 4 

Melaleuca rhaphiophylla  6m  <5m  Type 4 

Melaleuca teretifolia 

no bores within species 

distribution 
<5m 

Type 4 

Schoenoplectus validus 

no bores within species 

distribution 
<1m 

Type 2 

Scholtzia involucrata  7m  1‐2m  Type 4 

Stirlingia latifolia  15m  >2m  Type 4 

Taxandria linearifolia  8m  1‐2 m  Type 1 

Typha orientalis  6m  <1m  Type 2 

 

12.1.1 Soil Moisture Results 

Soil moisture samples were taken along several transect lines, due to seasonal rainfall four 

out of the 14 transects were sampled for soil moisture and  the results shown below in Table 

6. Figure 43 shows the location at which the soil moisture samples were taken. Upland areas 

had soil moisture recordings ranging from 0-40%. Those samples taken from lower lying areas 

ranged from 40% - 100% soil moisture content.  
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Table 6 Soil moisture results 

Reference 
number 

Depth (m 
BGL) 

Soil moisture 
content (% of dry 

soil weight) 

GDE Sub- 
community 

1 0.65 1.33 8 

2a 0.00 7.01 10 

2b 0.05 11.86 10 

3 0.05 1.75 5 

4 0.00 4.19 4 

5 0.45 1.91 5 

6 0.00 87.30 34 

7a 0.00 157.83 33 

7b 0.00 100.74 33 

8a 0.00 57.71 41 

8b 0.00 1.71 41 

8c 0.37 0.89 41 

9a 0.00 120.42 33 

9b 0.10 28.85 33 

10 0.00 130.46 30 

11 0.00 1.74 42 

12a 0.00 0.64 8 

12b 0.70 0.71 8 

13 0.00 23.57 8 

14 0.20 5.21 11 

15a 0.00 77.68 47 

15b 0.40 17.08 47 

15c  1.20  28.09 47 
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Figure 43 Soil moisture sampling locations 
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13.0 INTERACTIONS BETWEEN PLANTS, SEDIMENTS & HYDROLOGY 

Plants respond to the chemical environments produced by geochemical, hydrochemical, and 

ecological processes and interactions.  In wetlands and groundwater dependent ecosystems, 

small scale interactions between water and sediments determine plant responses, initially their 

colonisation and gradually their adaptation and competitiveness. Wetlands often exhibit 

concentric zones or mosaics of plant communities which have adapted to microscale 

differences in depth to water, depth of inundation, duration of inundation, velocity of flow, soil 

moisture potential, and pH, cation and nutrient concentrations in the water and sediment. 

These aspects of abiotic influences on vegetation, i.e. the stratigraphic, geochemical and 

hydrological influences on vegetation, are amplified below. 

The Quaternary stratigraphy, under the Bassendean Dunes and Spearwood Dunes and the 

wetlands, is vertically and laterally complex, which is reflected in the geochemistry and 

hydrochemistry.  Not complex in the sense of variable lithology and stratigraphic relationships 

as occurs, for example, in an active delta-mouth system, where sands, shelly sands, muddy 

sands, muds and shelly muds may be interlayered, interdigital, lenticular and channelled, but 

complex in the sense of small scale variation within a few relatively simple lithostratigraphic 

units.  This variability is a determinant of plant assemblage composition, in that chemistry and 

nutrient and water retention of soils and subsurface lithologic units influence which species 

survive or become dominant in given habitats.  In response to a vertically and laterally 

complex system, the native upland vegetation of the Bibra Lakes area is rich and varied, 

floristically, and structurally.  Thus heterogeneity of the stratigraphy results in heterogeneity of 

the micro-hydrologic processes, in the variability of plant communities, and hence, 

heterogeneity in overall biodiversity. 

The stratigraphic investigations within the Bassendean Dunes and Spearwood Dunes and the 

wetlands and their margins show that there is subsurface small-scale (vertical and lateral) 

variability in sediment texture, sediment composition, carbonate cementation, illuviation, 

delivery of fine grained material by hydrological processes, leaching of iron oxides (bleaching), 

ferricrete cementation, sulphide chemical reactions as precipitates, carbonate leaching, and 

structures of sedimentary, diagenetic and pedogenic origin, and so on.  Each of these, to 

some extent, determines plant assemblage composition. 

If these various phenomena [which occur in a complex of overlapping patches and arrays in 

three-dimensional space in the subsurface, as is evident in the stratigraphic profiles in this 

report] are projected onto a plane land surface, they present a very complex mosaic of 

features indeed.  At any given location, the projection of subsurface features onto the surface 

produces a complex mosaic of “edaphic” characteristics.  Some sections have thick bleached 
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layers at depth, with yellow sand in near surface situations, combined with various amounts of 

coarse sand or medium sand.  Some sections have iron-oxide enriched or cemented layers at 

depth, with yellow sand in near surface situations, or bleached sand in lenses (cross section of 

a diagenetic plume), again combined with various amounts of coarse sand or medium sand.  

The combinations of variable profiles of fine, medium, and coarse sand, with bleaching, or 

parent yellow sands, or iron oxide enriched layers, or cemented layers are many. 

Vegetation at the surface responds to this variation, because plants send roots for moisture 

and nutrient uptake into the subsurface, and randomly intersect any subsurface variability.  In 

effect, plants "perceive" the three-dimensional variability as a two-dimensional mosaic, and 

thus three-dimensional variability can influence the two-dimensional distribution of various 

plant species.  This is another factor, in addition to landscape and hydrologic variation that 

contributes to the variability of plant assemblages on the surface. 

The physical and chemical variation in the soils and shallow subsurface sediments thus can 

influence the distribution of the various species, and can contribute to one of the factors that 

determine the survivorship of one species against another.  Species that tolerate, or prefer 

iron rich substrates, for instance, will preferentially inhabit those areas where their roots have 

intercepted iron rich patches in the subsurface.  Species that can extract nutrients from 

carbonate enriched materials and sediments may preferentially inhabit those areas where their 

roots have intercepted carbonate enriched patches in the subsurface.  Species that prefer 

more moisture than occurs in the vadose zone will preferentially inhabit those areas where 

their roots have intercepted perched moisture zones associated with illuviated or ferricreted 

horizons, or areas where there are layers of water-retaining fine sand. 

In this context, stratigraphy in terms of grain size, grain composition, ferricrete layers, iron-

oxide rich layers, bleached layers, and muddy layers, will geochemically determine the 

composition of the vegetation. 

The other major factor in determining plant mosaics is availability of water.  For upland 

vegetation, various species are located in a given habitat because of the depth to the water 

table, or the moisture content in the stratigraphic profile as determined by grain size and by 

perching.  With respect to the depth to water table, some species lodge their roots in the zone 

of capillary rise, some at the top of the phreatic zone, and some well within the phreatic zone. 

(refer Section 9.1)  

In the context, of availability of water and its influence on vegetation, it is clear that 

stratigraphy, in terms of grain size, ferricrete layers, and muddy layers will hydrologically 

determine the composition of the vegetation. 
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Overall, the variable stratigraphy, as a result of sedimentation, diagenesis, illuviation, and 

geochemical variability, as well as the variability of the availability of water, deliver a very 

complex mosaic of material for plants to respond to in the Bibra lakes area.  As a result, just 

about every stratigraphic profile, with its variable range of sediments and diagenetic products 

situated at various depths, and the variability of the water table depth underlies a different 

plant community, especially in the understorey layer.  Stated conversely, each different plant 

community can be explained as reflecting a different stratigraphic, geochemical, and 

hydrological setting. 

Table 7 and Table 8 below describe the plant assemblages in terms of the variable 

stratigraphy that underlie them and the variable hydrology.  In these tables the wetland plant 

communities and groundwater dependent communities, identified by Syrinx Environmental are 

numbered to correspond with maps produced, and named after the dominant and 

representative species which characterise them.  Communities have been matched with the 

general stratigraphy and relevant and known hydrological data from that site.  Where numbers 

are absent in the Tables, VCSRG have described, using similar terms, the vegetation at each 

drill site. 
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Table 7 Relationship between the GDE Community and the site specific stratigraphy and 

hydrology 

 

  

Site GDE Community Stratigraphy and hydrology

1B Corymbia calophylla  woodland over open shrub Melaleuca 
preissiana

Set in the zone of diagenesis at the margin of the Murdoch University 
wetland.  Water table is < 5 m deep under 5 metres of coarse and 
medium yellow sand..

1C Corymbia calophylla  woodland over open shrub Melaleuca 
preissiana

Set in the zone of diagenesis at the margin of the Murdoch University 
wetland.  Water table is < 5 m deep and moves between the buried 
wetland sediments of muddy sands and the near surface coarse and 
medium yellow sand.

T2B Melaleuca preissiana  and Melaleuca rhaphiophylla  closed 
forest. Subcommunity indicator species Taxandria 
linearifolia , Cyathochaeta avenacea, Baumea preissii, 
Centella asiatica

Grey coarse sand with lenses of wetland muddy sand – wetland 
sediments; shallow water table.  M. preissiana  adapted to shallow 
water tables in sand

T2C Melaleuca preissiana  and Melaleuca rhaphiophylla 
woodland over Subcommunity indicator species are 
Melaleuca teretifolia  open shrubland over sedgelands of 
Baumea articulata, B.rubinigosa, B. preissii and 

Lenses of wetland mud and muddy sand – wetland sediments; perched 
water table.  M. rhaphiophylla  able to withstand inundation and dry 
periods

T2D Mostly cleared Eucalyptus rudis  tall open forest over open 
shrubland Taxandria linearifolia over very open rushes of 
Juncus kraussii and Meeboldina sp.

Coarse sand overlying lenses of muddy sand – buried wetland 
sediments. Iron cemented horizon at 3.5 metres which retards vertical 
drainage and perches groundwater.  Probably an area which was 
seasonally saturated and once supported M. preissiana  and E. rudis .

T2E 28.  Mixed Banksia woodland ; Subcommunity indicator 
species consisting of Banksia attenuata, Banksia ilicifolia, 
Banksia menziesii, Kunzea glabrescens, Leucopogon 
conostephioides, Scholtzia involucrata, Stirlingia latifolia

Ridge underlain by yellow sand to the water table

T2F 26: Isolated Banksia menziesii Ridge underlain by what was once yellow sand but has been 
diagenetically altered, indicating fairly rapid discharge, but also 
significant volumes of water.

T2F 
south 1

9: Eucalyptus rudis  tall woodland over Melaleuca 
rhaphiophylla  closed woodland

Coarse sand overlying lenses of slightly muddy sand – buried wetland 
margin sediments.  Partially iron cemented horizon at 4.0 metres which 
retards vertical drainage.  Probably an area which is seasonally 
saturated and supports M. rhaphiophylla  and E. rudis.

T2F# 37: Corymbia calophylla  tall woodland over Banksia 
menziesii  and Banksia attenuata  woodland

Diagenetically altered coarse and medium sand with partially iron 
cemented horizon at 3.5 metres which retards vertical drainage.  Area 
of discharge into wetland.
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Site GDE Community Stratigraphy and hydrology

T3B 37: Corymbia calophylla  tall woodland over Banksia 
menziesii  and Banksia attenuata  woodland; 
Subcommunity indicator species  consisting of Kunzea 
glabrescens, Stirlingia latifolia

Located on slope down to wetland 3C.  Mostly coarse and medium 
sand interspersed with layers of slightly muddy sand and iron coated 
grains.  Water table is relatively shallow; and sand recharges quickly 
after rainfall and drains quickly.

T3C 38: Eucalyptus rudis  tall open woodland over Melaleuca 
preissiana  and Banksia littoralis  open woodland; 
Subcommunity indicator species  consisting of 
Cyathochaeta teretifolia, Tetraria capillaris, Taxandria 

Coarse and very coarse sand with iron cemented layer at 3 metres 
which perches groundwater.  Water table close to surface.

On boundary of:

1: Kunzea glabrescens  closed tall scrub; and

23: Eucalyptus rudis  tall open woodland over Melaleuca 
preissiana  open woodland; Subcommunity indicator 
species  consisting of Astartea scoparia, Baumea 
rubiginosa,  Hypocalymma angustifolium, Melaleuca 
rhaphiophylla , Baumea rubiginosa, Meeboldina scariosa, 
Taxandria linearifolia

T3E 20: Eucalyptus rudis  open woodland over Melaleuca 
preissiana  open woodland

Iron coated sand 3-4 metres below surface which does not retard 
vertical groundwater discharge sufficiently to saturate the sediments, 
but does allow access to the water table for plants.  Water table 
moderately shallow < 4 m

T4B 3: Eucalyptus rudis  open woodland over Melaleuca 
preissiana/Banksia littoralis low open woodland; 
Subcommunity indicator species  consisting of Melaleuca 
teretifolia

Wetland muddy sand sediments at 1-2 metres and 2.5-3 metres 
indicating it is the margin of Roe Swamp.  Water table very shallow < 1 
m

T4C 5: Banksia attentuata/Banksia menziesii  woodland Dune underlain by very coarse and coarse yellow sand.

T4D 2: Mixed Banksia woodland, Subcommunity indicator 
species consisting of Banksia attenuata, Banksia 
menziesii, Banksia illicifolia, Leucopogon conostephioides

High dune underlain by medium yellow sand.

T5B 8: Scattered Eucalyptus rudis Sediments with several layers of iron coated sands interlayered with 
diagenetically altered sand, indicating fluctuating water tables 
consistent with wetland margins and zone of water flow into wetland. 
Shallow water table located above iron coated sands.

On boundary of:

8: Scattered Eucalyptus rudis ;

18: Eucalyptus todtiana ; and

41. Corymbia calophylla  open woodland

T3D Located on slope down to wetland 3C.  Coarse sand sediments.  
Seepage zone at base of dune

T5C Sediments with iron coated sands and muddy sand interlayered with 
diagenetically altered sand, indicating fluctuating water tables 
consistent with expanding and contracting wetland margins and zone of 
water flow into wetland.  Shallow water table located above iron coated 
sands.
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Site GDE Community Stratigraphy and hydrology

T5D 9: Eucalyptus rudis  tall woodland over Melaleuca 
rhaphiophylla  closed woodland

Sediments with iron coated sands interlayered with diagenetically 
altered sand, indicating fluctuating water tables consistent with wetland 
margins and zone of water flow into wetland.  Water table located above 
iron coated sands.

T5G 14: Isolated Melaleuca rhaphiophylla Muddy wetland sands buried by yellow sand indicate wetland habitat.  
Moderately shallow water table < 3.4 metres

T5H 41: Corymbia calophylla  tall open woodland over Banksia 
menziesii  and Banksia attenuata  woodland

Dune underlain by medium yellow sand.

5I Corymbia calophylla  tall woodland over Banksia menziesii 
and Banksia attenuata  woodland

Dune underlain by very coarse, coarse and medium yellow sand.

6A Banksia menziesii  and Banksia illicifolia Gently undulating area underlain by yellow sand.  Water table between 
4 and 5 metres below surface.  Area directly in path of groundwater flow

T6B 9: Eucalyptus rudis  tall woodland over Melaleuca 
rhaphiophylla  closed woodland

Iron coated sands interlayered with diagenetically altered coarse sand, 
consistent with zone of water flow into wetland.  Shallow water table 
located above iron coated sands, indicating groundwater perching.

T7B 8: Scattered Eucalyptus rudis Horizons of near surface iron coated sands and muddy sand overlying 
diagenetically altered sand, indicate that this is a shallow wetland with 
groundwater entering from below.

T7C 15: Eucalyptus rudis  tall open woodland over mixed 
Banksia woodland Subcommunity; indicator species  
consisting of Banksia attenuata, Banksia menziesii, 
Banksia illicifolia

Gently undulating area underlain by yellow sand.  Water table between 
4 and 5 metres below surface.  Area directly in path of groundwater 
flow.

T7D 15: Eucalyptus rudis  tall open woodland over mixed 
Banksia woodland Subcommunity; indicator species 
consisting of Banksia attenuata, Banksia menziesii, 
Banksia illicifolia

Gently undulating area underlain by yellow sand.  Water table between 
4 and 5 metres below surface.  Area directly in path of groundwater 
flow.

7E Eucalyptus gomphocephala  and Eucalyptus marginata  tall 
open woodland over Banksia menziesii, Kunzea 
glabrescens

Located on slope down to wetland.  Coarse and medium sand 
interspersed with layers of slightly muddy sand.  Water table is 
moderately shallow; and sand recharges quickly after rainfall and drains 
quickly
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Table 8 Relationship between the GDE Community and the site specific stratigraphy and hydrology for additional drill sites 

A 47. Melaleuca preissiana and Melaleuca rhaphiophylla woodland 
over Subcommunity indicator species are Melaleuca teretifolia 
open shrubland over sedgelands of Baumea articulata, 
B.rubiginosa, B. preissii, Cyathochaeta teretifolia and 
Lepidosperma longitudinale. 

Seasonally inundated wetland habitat of phytolithic, spongolitic, 
diatomaceous peat to 0.8 metres, underlain by shallow water table. 

B, C, D 1. Kunzea glabrescens closed tall scrub Surface quartz sand overlying ferricrete at approximately 3-4 m, and buried 
aquatic sediments at 8-12 m.  Different shallow and deep water bodies 
acting independently and providing water in the upper sediments. 

E 21. Banksia attenuata and Banksia menziesii woodland, indicator 
species Calytrix flavescens 

Yellow quartz sand with water table at approximately 7 m 

F 2: Mixed Banksia woodland, subcommunity indicator species 
consisting of Banksia attenuata, Banksia menziesii, Banksia 
ilicifolia, Kunzea glabrescens, Lepidosperma pubisquamum sens. 
lat, and Lepidosperma. squamatum sens. lat

Surface quartz sand overlying ferricrete at approximately 2.5 m, and buried 
aquatic sediments at 11-12 m.  Different shallow and deep water bodies 
acting independently and providing water in the upper sediments. 

G 2: Mixed Banksia woodland, subcommunity indicator species 
consisting of Banksia attenuata, Banksia menziesii, Banksia 
ilicifolia, Kunzea glabrescens, Lepidosperma pubisquamum sens. 
lat, and Lepidosperma. squamatum sens. lat 

Surface quartz sand overlying 5 m of wetland muddy sands.  Moderately 
shallow water table < 2.5 metres 

H 58: Eucalyptus rudis tall open woodland over Melaleuca preissiana 
and Banksia littoralis open woodland subcommunity; indicator 
species  consisting of Kunzea glabrescens, Baumea articulata, B. 
juncea, Melaleuca lateritia 

Seasonally waterlogged wetland habitat with surface muddy sand overlying 
bleached diagenetically altered quartz sand.  Shallow water table < 1 m. and 
groundwater through flow 



 

 

syrinx environmental pl/vcsrg January 2011   110 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

There are several sites which support the same floristic communities: 

 4D, 7C, 7D - mixed Banksia communities. 

 2F, 4C - Banksia menziesii and Banksia attenuata dominated communities. 

 2F#, 3B, 5H, 5I - Corymbia calophylla tall open woodland over Banksia menziesii and 

Banksia attenuata woodland. 

 1B, 1C - Corymbia calophylla woodland over open shrub Melaleuca preissiana. 

 2Fsth1, 3C, 3D, 3E, 4B, 7B, 5D, 7C, 7D – Eucalyptus rudis dominated communities. 

The mixed Banksia communities which occur at sites 4D, 7C, 7D and are underlain by yellow 

coarse and medium quartz sand, can be distinguished on the presence/absence of Eucalyptus 

rudis and Leucopogon conostephioides.  Eucalyptus rudis occurs where groundwater is more 

abundant and the water table is located between 4 and 5m below the surface.  Leucopogon 

conostephioides occurs where groundwater is deep below the surface. 

At sites (2F, 4C), where Banksia menziesii and Banksia attenuata occur, the underlying 

sediments exhibit coarse and medium yellow quartz sands with horizons of iron oxide coated 

or cemented grains.  At sites (2F#, 3B, 5H) where Banksia menziesii and Banksia attenuata 

occur in conjunction with Corymbia calophylla the profiles are composed of yellow coarse and 

medium quartz sand without the iron cementation.  At site 5I, where this community is also 

present, the top 12 metres is also composed of yellow coarse and medium quartz sand and 

the water table resides in the same sediment.  The mix of Corymbia calophylla woodland over 

open shrub Melaleuca preissiana, found at sites 1B and 1C, is located in a stratigraphy of 

yellow coarse and medium quartz sand, similar to the other Corymbia calophylla sites, but this 

overlies wetland muddy sands and brown sands, characteristic of wetland margins 

The changes in structure of Eucalyptus rudis from tall open woodland, to tall woodland, to 

open woodland can be attributed to the location of the sites and the nature of the underlying 

sediments. In this setting, Eucalyptus rudis colonises two habitats: wetland margins and 

wetlands. Where Eucalyptus rudis occurs in the wetland margins underlain by quartz sand and 

iron coated sand, and is located in the direct path of groundwater flow to wetland basins, 

(2Fsth1 at Lower Swamp and 5D at west Bibra Lake), the underlying sands receive discharge 

from the surrounding dunes which is temporarily impeded by the impermeable wetland fills, 

and perched over the interspersed iron coated sand horizons, thus forming tall woodlands with 

Melaleuca rhaphiophylla. Where Eucalyptus rudis occurs in wetland margins and is underlain 

by coarse quartz sand (3D, 7C, 7D, 3E), but lies in the direct pathway of groundwater 

recharge to Bibra Lake or the southern portion of Melaleuca Swamp, Eucalyptus rudis forms 

tall open woodlands.  In wetlands where muddy sands accumulate in the basins (Roe Swamp 
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4B, southern Melaleuca Swamp 3C, and Bibra Lake 7B), Eucalyptus rudis forms part of a 

dense canopy as open woodland together with woodland of Banksia littoralis and Melaleuca 

preissiana. 

Kunzea glabrescens has an interesting relationship with both stratigraphy and hydrology.  It 

appears to exploit niches where groundwater is very quick to respond to rainfall. These niches 

are characterised by 3-4 m of medium quartz sand, overlying ferricrete horizons, and buried 

layers of muddy sands.  In terms of hydrology the plants appear to colonise well drained areas 

where the water table is between 2-3 m below the surface, but where they can exploit through 

flow, vertical retardation of rain infiltration, and means of accessing groundwater all year 

round. 

14.0 DISCUSSION 

The 70 sub-communities identified within the study area represent a highly complex system of 

groundwater dependent species. Structurally the sub-communities included closed 

sedgelands, closed tall scrub, woodlands, closed forest and open woodlands. Several 

overstorey species common across the study area (e.g. Melaleuca spp. or Banksia spp.) were 

dominant, however it was the combination of GDE indicator species which made each sub-

community unique. This complexity of mapping will assist with impact assessment as each 

sub-community and the GDE indicator species within will respond differently to altered 

hydrology depending on the complex stratigraphy with which it is associated.  

The results demonstrate that often indicator species were not limited or restricted to a 

particular position in the landscape i.e. wetland or drylands, but were present at varying 

depths to groundwater further complicating groundwater depth levels required at the species 

level. Eucalyptus rudis for example was found both within dryland and wetland areas and 

Kunzea glabrescens was recorded in wetland areas and Banksia woodlands. This is not 

uncommon on the Swan Coastal Plain, particularly where deep-rooted species such as 

Banksias are present. 

Groundwater use by vegetation has long been established (e.g. Dodd et al. 1984; Dodd and 

Bell et al. 1993), however defining a degree of dependency has proven more difficult (Groom 

2004). The degree of dependency depends on the proximity of groundwater, availability of 

moisture in shallow horizons of the soil profile, root system distribution and maximum root 

depth (Zencich 2002). In fact responses to changes in groundwater availability are not 

consistent for all individuals of a species and can be site-specific (Zencich 2002). 

The number of GDE sub-communities therefore adds another level of complexity when 

assessing the degree of dependency as each sub-community has its own unique assemblage 

of GDE indicator species. The GDE indicator species present are known to exhibit a range of 
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physiological changes to water availability, such as replacement of larger Banksia ilicifolia 

trees with seedlings, Melaleuca sp. adding additional stems and reductions in density of 

species such as Hypocalymma angustifolium (Dodd and Heddle 1989), adding to the 

complexity of assessing impact of hydrological change. On a broad community level though, 

dampland vegetation is known to experience a high rate of adult plant mortality as a result of 

progressive declines in groundwater and soil moisture contents (Groom et al 2000b). 

A decline in groundwater will impact on the GDE sub-communities with Banksia ilicifolia (GDE 

sub-communities 2, 4, 5, 15, 22, 28, 35, 36 and 52) as it has a shallow, extensive root system. 

While they access water from up to 8m depth they source a significant proportion of their total 

water requirements from shallow and sub-surface soil moisture (Zencich 2002). The process 

critical to Banksia ilicifolia survival is the re-wetting of the shallow and subsurface horizons 

and maintenance of soil moisture within the shallow root zone, particularly when the water 

table is at greater depth (Zencich 2002). This suggests that surface water management will be 

very important for the health of the GDE sub-communities with Banksia ilicifolia. 

Declining water levels, in association with poor rainfall induced discharge have the potential to 

change vegetation structure and composition (Groom et al. 2000a). In terms of species 

specific response to an altered hydrological regime within the study area, a key example is 

Baumea articulata, which has declined in population extent since the 1970’s with only small 

areas remaining in the study area. These remaining areas of B.articulata will be impacted by 

any further changes in hydrology.  

Rooting depth and root system architecture vary widely between the GDE indicator species 

which is typical of the Banksia woodland species (Dodd et al. 1984; Pate and Bell, 1999). In 

terms of the rooting depth, hydraulically redistributed water from the deep rooted species to 

the drier parts of the soil profile where shallow to medium rooted species may access it may 

be potentially linked to species ecological distribution (Groom 2004). Therefore loss of the 

deep rooted species such as Corymbia calophylla or Banksia attenuata through a change in 

hydrological conditions may also impact on the ability of the shallow to medium rooted species 

to access water. 

Substantial information gaps remain on rooting depth of many species reflecting the lack of 

research on many species of the Swan Coastal Plain. While there have been many studies on 

the rooting depth and plant water relations on the Swan Coastal Plain, most have 

concentrated on the same suite of species such as Banksia attenuata, Banksia ilicifolia and 

Melaleuca rhaphiophylla. 

The following conclusions are drawn from the GDE mapping with an emphasis on changes in 

community composition and densities of Melaleuca preissiana, Eucalyptus rudis, and Kunzea 

glabrescens. 
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 Plants are dependent on local multiple water levels and a range of hydroperiods. 

 Plants are dependent on flushing of evaporative salts, excess soluble ions or pollutants from 

the system. 

 Plants are dependent on the present geographic locations and levels of conduits in the 

stratigraphic profiles, e.g., very coarse grading to fine sand layers, and vice versa. 

 Plants are dependent on the present distribution of iron enriched sediments. 

 Plants are dependent on the other geochemical properties of the subsurface materials. 
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PART 4: POTENTIAL IMPACTS ON WETLANDS & 

 GDE COMMUNITIES 

15.0 INTRODUCTION 

This part of the report details the potential impacts of the proposed Roe Extension project on 

wetland and groundwater dependent vegetation (GDE) values and functions within the Bibra 

Lake wetland suite.  

Whilst the Project area for the Roe Highway Extension Project is confined to the MRS 

amendment boundary, the area of impact assessment for wetland values and groundwater 

dependent ecosystems included all vegetated areas surrounding Bibra and North Lakes. This 

was undertaken to enable an understanding of the system as a whole, and to facilitate 

assessment of indirect impacts to areas outside the project boundary. 

This section on impacts addresses the following:   

1. The general impacts, highlighting the high and low risk areas within the Bibra Lake 

system in terms of wetland values and complexity of wetland functions. 

2. The specific impacts of the Roe Highway Extension Project, in particular: 

o The overall direct impacts of highway construction along the proposed 

alignment;  

o The direct and indirect impacts on GDE’s; and 

o The placement and ongoing operational impacts of the Roe Highway road 

through the wetlands and adjacent uplands of the Bibra Lakes area.  

The legislative context (Syrinx/VCSRG Part 1 Desktop Study, 2011) makes clear that both 

wetlands and groundwater-dependent ecosystems are a priority for protection at national level, 

state level and directly within the context of the globally unique Swan Coastal Plain. Specific 

expectations of the EPA are that there will be no irreversible changes to wetland values and 

functions over time resulting from this project.  

In order to ensure the potential impacts are understood in this context, this section begins with 

the historical and future climate setting to ensure impacts are assessed appropriately, and 

follows with a synthesis of wetland values and functions such that impacts are assessed with 
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an understanding of the relative complexity of the Bibra Lake system.  General impacts are 

discussed in this context.  

The hydrological and stratigraphical content of this section has been derived from preliminary 

indications in the limited dataset and placed in the context of hydrological and 

sedimentological patterns and records observed and measured in the Swan Coastal Plain 

wetlands over the past 35 years (VCSRG 1979, 1984, 1985, 1987a,b,c,d, 1991, 1992, 

1993a,b, 1994, 1997a,b,c,d,e, 1998, 1999-2001, 2000, 2003, 2006, 2007, 2009).  This 

approach was adopted for the following reasons: 

 The period of investigation and duration of sampling was a relatively short one. 

 The annual rainfall was below average, precluding its usefulness to modelling and inhibiting 

predictions about groundwater behaviour and impacts occurring in average or higher than 

average rainfall situations. 

 The geographic spacing of bore sites, originally proposed, was not completed. 

15.1 SUBCONTINENTAL TO STATE SIGNIFICANCE OF THE BIBRA LAKES SYSTEM 

This background is provided because it is the key to assessing the impacts of a road through 

the Bibra Lakes system (encompassing North Lake, Horse Paddock Swamp, Bibra Lake, and 

margins as well as all the wetlands forming east west chains from Murdoch and Bibra Drives 

to Progress Road) and underpins the importance of legislation and policies pertaining to 

wetland buffers.  Information regarding the subcontinental to State significance of the Bibra 

Lakes system is provided below.  The inverted commas signify informal use of a term, or some 

licence in the use of the term.  For example, of the three "dune" systems, only the Quindalup 

Dunes are truly dunes, the other two are called dunes but are not strictly so. But to conform to 

the literature they are herein all referred to as "dune" systems. 

The last paragraph of this text dealing with Subcontinental to State significance of the Bibra 

Lakes system states that the Bibra Lakes wetland system, with its complexity, is the only 

representative of this type of wetland system developed along the interface between 

Bassendean Dunes and Spearwood Dunes on the whole Swan Coastal Plain. The following 

text substantiates this, but the conclusion will be re-iterated at the end. 

To place the Swan Coastal Plain and Bibra Lake system in a general context of significance, 

the oldest, and pedologically most complex system of sediments and soils on the Swan 

Coastal Plain resides under the Pinjarra Plain system along the edge of the Darling Scarp.  

Commencing its deposition and pedogenic/ diagenetic history some 2 million years ago, the 

Pinjarra Plain comprises sand, muddy sand, mud, ferricretes, carbonate-cemented layers and 
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mounds, and other hydrochemically altered materials, and a VERY complex hydrology and 

hydrochemistry (Semeniuk 1988), such that it now supports a diverse mosaic of plant 

communities and TECs and the largest number of DRFs and Priority species on the Swan 

Coastal Plain. 

Next, in terms of ecological complexity and diversity of hydrological and stratigraphical 

processes is the Bibra Lakes system, located along the interface between limestone and 

quartz sand (an interface that results in stratigraphic, hydrologic, wetland, and hydrochemical 

complexity).  However, some contexts and complexity-and-simplicity across the Swan Coastal 

Plain are explored here to place this interface into perspective. 

The Bassendean Dunes as a landscape itself is "relatively" simple and "relatively" 

homogeneous, with quartz sand of varying grainsizes (generally medium and fine sand, and 

some coarse sand).  Wetlands therein reside in this "relatively" simple quartz sand terrain, in a 

comparatively simple hydrological system, with sedimentary fill of peat or diatomite (see 

Semeniuk & Semeniuk 2007).  The Spearwood Dunes and Quindalup Dunes, as landscapes, 

also are "relatively" simple and "relatively" homogeneous, with wetlands in limestone swales 

and quartz sand, or in swales of calcareous quartz sand, respectively, and have a 

comparatively simple hydrology compared to the types of interactions generated by the 

limestone/sand interface.  Wetlands residing in such landscapes have sedimentary fill of peat 

or calcilutite (see Semeniuk & Semeniuk 2007). 

Each of these three "dune" landscapes, viz, Bassendean Dunes, Spearwood Dunes, and 

Quindalup Dunes, generally is an internally geomorphically consistent unit which is why they 

are recognised as geomorphic units. 

Leaving aside the Pinjarra Plain, as noted above, the interface between the Bassendean 

Dunes and the Spearwood Dunes, i.e. an interface between a quartz sand system and a 

limestone/quartz sand system, axiomatically will be a geomorphically, stratigraphically, and 

hydrologically complex system on the Swan Coastal Plain.  It is a zone where chains of 

wetlands can and have developed. 

However, the interface is not consistent along its entire length of expression along the Swan 

Coastal Plain.  This interface between Yanchep and Bunbury can be subdivided into five 

tracts.  From north to south, these are described below. 

 To north of the Swan River, the interface has only one main wetland developed: Lake Pinjar, 

which is a shallow diatomite filled linear wetland (a sumpland that dries out annually). 

 Between the Swan River and the area about where the Serpentine River complex and its 

tributaries commence as a fluvial terrain, there is a chain of wetlands comprising Bibra Lake 

system, Lake Yangebup, Lake Kogolup, and Lake Thompson (the latter three are isolated 
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rounded basins in a chain, each with a simple peripheral concentric zone of vegetation, i.e. 

they are relatively simple basin wetlands; Yangebup is not even diatomite filled but quartz 

sand floored).  The Bibra Lakes system in this chain is the most complicated part of the 

wetland chain, composed of a complex of basins, former buried basins and stranded basins, 

a merging of extant and ancient basins, and low-relief channels inflowing from the 

Bassendean Dunes. 

 Progressing further south, from the tributaries feeding the Serpentine River, and the 

Serpentine River itself (which initially trending westwards is deflected to a southerly direction 

by the limestone barrier of the Spearwood Dunes), there is the valley tract of the Serpentine 

River, with valley sediments, extending into the Peel Inlet estuary along the interface 

between the Bassendean Dunes and the Spearwood Dunes. 

 South of Mandurah, the interface between the Bassendean Dunes and the limestone is the 

narrow and linear Harvey Estuary, where the Harvey River, trending westwards, is deflected 

by the limestone ridge to northwards to form a northerly oriented narrow estuary, and the 

zone between limestone and Bassendean Dunes is not a chain of wetlands but the valley 

tract and estuary of the Harvey River. 

 To south of the Harvey Estuary, the interface between Bassendean Dunes and limestone 

(now called the Yalgorup Plain as a limestone system, and not the Spearwood Dunes, 

because it is a fundamentally different limestone system) is a completely different 

geomorphic, stratigraphic, hydrologic system and interface, and incomparable to the 

interface further to north as described earlier. 

In this context, it can be seen that the Bibra Lake wetlands system, with its complexity, is the 

only representative of this type of wetland system developed along the interface between 

Bassendean Dunes and Spearwood Dunes on the whole Swan Coastal Plain. 

However, the Bibra Lakes system has a second level of complexity: it has complex 

stratigraphy (with some buried wetlands), complex micro-hydrology, complicated 

hydrochemistry, and a very complex subsurface geochemistry and, as a result, a complex 

mosaic of vegetation related to the variability of these surface and subsurface natural features 

(Syrinx/VCSRG Part 2 Report).  As such, the Bibra Lakes system is an area of high natural 

values that is under the protection of the State. 
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16.0 THE ROLE OF CLIMATE CHANGES IN PREDICTING SHORT TERM & 

LONGER TERM IMPACTS OF NEW INFRASTRUCTURE 

The year 2010 was a relatively dry year, and in the context of larger scale climate cycles the 

years 1970-2010 show a relatively drying pattern.  However, previously to this drying pattern, 

based on Perth’s long-term rainfall record, the interval 1880-1950 was a period of increasing 

rainfall, culminating in the wettest period in the 1950s.  As such, the maps of wetland 

boundaries in 1948 show the Bibra Lakes system when the climate was relatively wet and the 

maps of wetland boundaries in 2010 show the Bibra Lakes system when the climate is 

relatively dry.  In a longer scale climatic framework of climate cycles, the climate will return to 

wetter condition in the intermediate future, (see discussion in Semeniuk & Semeniuk 2005; 

2010), i.e. to the hydrological situation of the 1950s (and show wetland extent as evident in 

the aerial photograph of 1948).  Assessment of impacts of the proposed roads should be 

carried out in the context of the 1948 map when the lateral boundaries were more extensive, 

and not the relatively dry period that the climate is currently experiencing, when wetland 

boundaries have contracted (refer to Figure 44). 

Further, and just as importantly, many of it is predicted that during wet years the subsurface 

aquitards and conduits (e.g. formed by the buried wetlands, and the buried channel-ways) 

that, would be operating during increase the wet years and acting hydrologically in specific 

ways, and which may not be operating at present volume of near surface water deriving from 

rainfall, in the current relatively dry climate, need to be addressed in impact assessment 

because areas where they will be functioning during future wet years occur and downstream.  

Impact assessment has to proceed addressing so that both drier and wetter climatic cycles are 

anticipated, in this case taking into account these aquitards and conduits (in buried wetlands 

and channel-ways) as though they are situated in a wet part of the climate current cycle and 

for future wetter climate cycles. 

In this context, the groundwater contours and extrapolated flow directions obtained from the 

2010 groundwater level data apply only to the 2010 relatively dry year and not necessarily to 

future wet years.  
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Figure 44 Annual rainfall for Perth 1876-2001, showing the long term average, the 10-

year backward moving average, and bracketed intervals of relatively higher rainfall 

periods recurring on a -20-year turn-around (for further discussion, see Semeniuk & 

Semeniuk 2005, Semeniuk, 2007). 

The determination of impacts on vegetation resulting from hydrological changes again requires 

a revisit of the context of wetland change in response to climate. Groundwater dependent 

species are essentially dependant on the availability and hydrochemistry of groundwater which 

influences the variability and spatial distribution of the GDE indicator species (Semeniuk, 

2007). For the purpose of this impact assessment historical aerial photographs were analysed, 

focusing on the changes in spatial distribution of selected GDE indicator species over time 

(see also Syrinx/VCSRG Part 1 Report which discusses historical vegetation change). These 

changes can be attributed to climatic variability and subsequent hydrological changes 

emphasising the impact changes in hydrology have on GDE community distribution. 

Significant changes in distribution occurred in:  

 Wetland and dryland boundaries, in particular the extent of Kunzea glabrescens, between 

Roe Swamp and North Lake and the variability in the population size; 

 Melaleuca teretifolia in the eastern portion of Bibra Lake; and 

 Banksia woodland in the north eastern portion of Bibra Lake. 
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The historical imagery was taken in 1948, 1959, 1970, 1978, 1989 and 1999. Over this 51 year 

period Perth was experiencing below average rainfall. However the moving average during the 

1940 - 1974 was either on or above the long term average (Figure 44). From 1974 -1986 the 

moving average was in a trough but was on the upturn from 1986 onwards. These wet and dry 

periods are reflected in the historical aerial imagery, particularly when assessing the extent of 

Melaleuca teretifolia populations. 

Major clearing of vegetation for urbanisation occurred during the 1970’s. Fluctuations in the 

groundwater table could be attributed to this clearing as well as the presence /absence of pine 

plantations. The increase in storm water into the system associated with the surrounding 

urban development may also be a factor in determining water levels and needs to be 

considered when analysing the historical photos as changes are not always based on climatic 

factors.  

In 1948 the Melaleuca teretifolia extent was at its greatest. A noticeable change in the 

fragmentation of the M. teretifolia population occurred in 1970 reflecting the wet period of 

1940-1974 (Figure 45). During the drier period of 1974-1986 the M. teretifolia showed 

resilience to the lower water levels with the fragmentation of 1970 no longer obvious.  

The dryland and wetland boundaries between North Lake, Bibra Lake and Melaleuca swamp 

have expanded and contracted since 1948 (Figure 47 and Figure 48). The most obvious 

change in wetland boundaries occurred in the 1978’s- a period of major clearing as shown in 

historical photo.  

Previous distribution changes suggest an increase in groundwater to 1978 levels would 

result in: 

 Redistribution of the wetland and dryland boundary;  

 An increase in Kunzea glabrescens distribution north and south of the Roe Highway 

Extension Project, replacing adjacent Banksia woodland (Figure 46); and 

 Melaleuca teretifolia distribution becoming more fragmented reflecting the increased flooding 

in these areas. 
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Figure 45 Change in distribution of Melaleuca teretifolia over time 
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Figure 46 Change in Kunzea glabrescens distribution over time 
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Figure 47 Change in wetland vegetation boundaries over time 
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Figure 48 Change in dryland vegetation boundaries over time. 
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17.0 ASSESSMENT OF GENERAL IMPACTS 

An assessment of the areas of wetland and upland at risk from the general impacts of road 

construction through the Bibra Lakes area is presented from a number of approaches.  In the 

first instance, a map showing wetlands of the area and a 200 m buffer and zone of influence 

around these wetlands is provided using data from 1948 which was a time during a wetter 

phase of the recent wetland history (Figure 48).  This has been compiled so that the full extent 

of wetland sediments and the wetland boundaries are noted and taken into account and 

because there will be a return to these wetter years as the current climate cycle of wet and dry 

years progresses on a 20 year and 250 year return. (Semeniuk et al 2006, Semeniuk 2007, 

Semeniuk & Semeniuk 2010). 

General assessment of impacts of an extension to Roe Highway through such a high value 

area such as the Bibra Lakes wetland system falls into several arenas: 

 Fragmentation of high value vegetation. 

 Fragmentation of high value fauna assemblages. 

 Effects on hydrology and hydrochemistry with consequent effects on vegetation. 

 Introduction of weeds along the lines of fragmentation. 

These general impacts on vegetation can be illustrated by examining the case study of Hope 

Road (see Section 20.5). Even though a minor road, it provides a good example of what 

impacts can and do occur.  As noted in the current map of GDE communities (Figure 40), 

Hope Road acts as an artificial boundary, fragmenting the plant communities north and south 

of the road, and changing the nature of their composition and structure.  Communities 11, 43, 

16, 1, 2 17, 21, 22, 4, 20 and 70, north of the road, have been truncated, as indicated by their 

straight southern boundaries adjacent to Hope Road.  Plant communities south of the road 

exhibit a similar truncation. 

Fauna, dependent on these plant communities for shelter, food, seclusion, loafing, breeding, 

or nesting, may also be impacted upon as a result of vegetation fragmentation, stressing 

populations, assemblages, and networks.  Aside from the obvious significant fauna associated 

with low relief wetland basins, wetland margins, and channel-ways (e.g. waterbirds, aquatic 

invertebrates, crustacea, tortoises, bandicoots, and kangaroos), there are also other important 

fauna using the area either for feeding, or for nesting.  One of the sites in the soft quartz sand 

around site 2D, in the direct pathway of the proposed road, is a nesting site used by the 

rainbow bee eater. 
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17.1 SUBSURFACE SYSTEMS & RELATIONSHIP WITH GDE COMMUNITIES 

Subsurface distribution and complexity of stratigraphy, geochemistry, hydrochemistry, and 

hydrology maintain the extant plant assemblages and the GDEs, and alteration of this 

subsurface system is likely to impact on vegetation composition and survival.  In this context, 

a map has been compiled showing zones where disturbance would result in High (H), Medium 

(M) and Low (L) level impacts on the stratigraphy, geochemistry, hydrochemistry, and 

hydrology (Figure 48). 

These rankings indicate that in these zones the subsurface systems are complex and linked to 

the vegetation assemblages and the GDEs.  These zones have been determined using the 

stratigraphic profiles for each of the seven transects, incorporating the following data sources: 

 The stratigraphic profiles compiled during this study; 

 The buried wetland margins in the stratigraphic profiles; 

 The separate water bodies occurring at the margins of the wetlands; 

 The local groundwater flows determined from the monthly water levels recorded in the 

piezometers; 

 The regional hydraulic gradients; 

 The distribution and heights of the stratigraphic layers which cause groundwater perching; 

 The known composition and depths of the sedimentary fills in the wetlands; 

 Geochemical and hydrochemical data; 

 The topography; and 

 The distribution of plant communities. 
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Figure 49 Assessment of the levels of impact to sediments, stratigraphy, geochemistry, 

hydrology and hydrochemistry (that maintain GDEs) by the processes of construction, 

sediment removal, sediment fill, sediment replacement, or alteration of groundwater 

flows or hydrochemistry. 

A third map is provided showing the extent of the plant communities in good to excellent 

condition (Figure 50) based on criteria from Keighery (1994). 
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Figure 50 Areas of vegetation in good to excellent condition in relation to the Roe 

Highway Extension Project. 

17.2 WETLAND BOUNDARIES & BUFFER REQUIREMENTS 

In order to assess the general impacts of road construction through the Bibra Lakes area. In 

the first instance, a map showing wetlands of the area and a 200m buffer around these 

wetlands is provided. This map was constructed using data from 1948 (i.e. a time during a 

wetter phase of the recent wetland history) (Figure 51). This has been compiled so that the full 

extent of wetland sediments and the wetland boundaries are noted and taken into account and 

because there will be a return to these wetter years as the current climate cycle of wet and dry 

years progresses on a 20 year and 250 year return. 

In general terms, the east west construction of a highway anywhere through the area of the 

Bibra Lakes wetlands, north of Hope Rd, will potentially disrupt, intercept and impede 

groundwater flows from the south east to the northwest.  This statement is based on the fact 

that the plant community composition, as mapped for this project (Syrinx Environmental 2010), 

is different either side of Hope Rd. even though the groundwater zone between 16 and 17 m 

and the topographic contours, as depicted in the Perth Groundwater Atlas (Water & Rivers 
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1997), are continuous.  This anomaly can be explained by the probable alteration of drainage 

patterns caused by Hope Rd.  South of Hope Rd, siting of an east west highway would have 

less impact on groundwater flows and wetland Outside of the normal impact zone around the 

road, where weeds are expected to invade, (a width of at least circa 75-100 m – see below), it 

can be anticipated that some 200 m of effects will be manifest on either side of the road 

hydrologically,   

In this context, given the hydrological framework and groundwater contours, there 

needs to be 200 m buffer between any wetland and the edge of the zone of impact for 

the proposed road, i.e. on either side of the road.  For buried aquitards and conduits, 

where distal effects become important the buffer will need to exceed this width, i.e. 

buffer zones need to be wider where the road impacts will be manifest distally. 

 

 

Figure 51 Map of wetland areas and 200 m zone of influence (‘functional buffer’) 

The buffer is shown around the full extent of the wetland complex in the project area in 

relation to the planned alignment for the extension of the Roe Highway. 
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18.0 COMPOSITE ASSESSMENT OF WETLAND VALUES & FUNCTIONS 

In order to enable impact assessment at a more specific level, an assessment of the combined 

wetland values (conservation and heritage) and wetland functions of the Bibra Lake wetland 

suite was undertaken spatially. Note, a description of specific wetland values and functions is 

given in the Part 1 Desktop Report (Syrinx/VCSRG 2011).  This composite approach 

essentially synthesises primary productivity, wildlife habitat, hydrological function and other 

wetland values and functions, as recognised by previous conservation evaluation and 

classification in accordance with the EPA assessment process, as well as in terms of 

variability. The intention is: 

 To  identify areas of high to low conservation value, across the site using existing legislative 

boundaries and;  

 To assess the relative complexity (variability) in wetland function across the site, based on 

data discussed in the previous sections and including the entire Bibra/North Lake boundary. 

The broad criteria are discussed below. Relevant policies or legislation that were used to 

develop the criteria are given in Table 9. Composite maps were generated using ArcGIS. 

This analysis essentially allows ready identification of the more high risk and low risk areas 

across the wetland system, and specifically within the MRS study area. 

18.1 WETLAND VALUES CRITERIA 

In order to derive a composite of wetland value, four criteria were used. The approach and the 

weighting used are shown in Figure 52 and Table 10: 

 Conservation Category wetlands  

 Bush Forever areas  

 Aboriginal Heritage areas 

 Regionally significant GDE’s 

These criteria are considered to best represent wetland conservation and heritage values at 

present. Note, there are many other values not included in this map that complement this 

study and have been undertaken by others (e.g. Vegetation Surveys undertaken by AECOM 

2010 and Fauna Surveys undertaken by Phoenix Environmental 2010). The first three criteria 

are recognised as representing high conservation value under existing State policies and 

legislation. The fourth criteria, regionally significant GDE’s, was chosen as an additional 
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conservation criterion since they meet regional significance criteria as used to assess regional 

significance in Bush Forever (WAPC, 2000).  

18.2 WETLAND FUNCTION CRITERIA 

In order to derive a composite of wetland function, three core criteria were used to form a 

composite of functions across the site, with areas scoring positive for more than one criteria 

indicating a higher level of functional complexity (and therefore higher risk in terms of 

impacts).  The approach and the weighting used are shown in Figure 52 and Table 11. 

The following criteria and subcriteria were used:  

 Hydrogeological complexity. 

 Presence of aquitards which function as perched water tables and perturbate regional flows 

and local hydroperiods, as well as influencing hydrochemistry. Aquitards within Bibra lake 

wetland suite identified in this study are variable, with some formed from calcrete, others 

from ferricrete and others from clay.  

 Presence of features that function as ‘hydrological conduits’, perturbating flows within the 

basin, causing alterations to groundwater delivery pathways, alterations to recharge and 

discharge rates and alterations to hydrochemistry. An example of this are those areas 

containing buried wetland sediments, former paleochannels etc. 

 Distal Effects Protection Buffer – accommodates an approximate functional buffer or zone of 

influence using the known and estimated extent of hydrolological linkages within the system 

that are vital to maintain wetland function.   

 Susceptible GDE’s - Locations in which GDE indicator species known to be particularly 

susceptible to changes to environmental flows were also mapped to indicate species that are 

likely to be the most susceptible to changes in hydrogeological conditions. The indicators 

were Banksia ilicifolia and Baumea articulata. Note other GDE species present on site may 

be equally susceptible; the species chosen only represent those known to be susceptible. 

These wetland function criteria are considered to subsume all other wetland environmental 

functions (nutrient and carbon cycling, biodiversity maintenance, environmental flows, water 

quality maintenance etc). Therefore, these criteria were used as a surrogate for all other 

wetland functions (for the purpose of generating this composite map) since any disruption to 

hydrological patterns and maintenance of hydrogeochemical conditions would be evidenced by 

a change in flows and vegetation assemblages.  
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Table 9 Conservation Values and Wetland Function Assessment Categories  

Status Value / Function Assessed Using Policy / Legislation Relevant Policy Objective 

 
Conservation 
Value 

Bush Forever Site 244 
Site boundary, DPI 
(2000) 

Bush Forever Policy (WAPC 
2000) 

To establish a conservation system that is, 
as far as is achievable, comprehensive, 
adequate and representative of the 
ecological communities of the region. 

Wetlands Conservation 
Status  

DEC Geomorphic 
Wetlands Database  

EP Act (1986), Environmental 
Protection (Clearing of Native 
Vegetation) Regulations 2004, 
EP (SCP Lakes) 2002 
 

Alteration of the environment to the 
detriment or potential detriment of an 
environmental value’ is considered 
environmental harm. 

Aboriginal Heritage 
Sites 

Aboriginal Sites 
Location, DIA (2008) 

Aboriginal Heritage Act 1972 

This Act applies to all types of land tenure 
in WA and provides protection to Aboriginal 
sites regardless of whether they are listed 
on the Register of Aboriginal Sites. 
 

 
Wetland 
Function 

Distal impacts Buffer - 
Wetland boundary and 
200m  zone of influence 
 

VCSRG (2010) site 
investigations and 
mapping 

EP Act (1986), EPP (SCP Lakes) 
2002 

Alteration of the environment to the 
detriment or potential detriment of an 
environmental value’ is considered 
environmental harm. 

Hydrology /Geology 
Areas of high, medium 
and low risk 

EP Act (1986), EPP (SCP Lakes) 
2002 

Alteration of the environment to the 
detriment or potential detriment of an 
environmental value’ is considered 
environmental harm. 

Hydrological Buffer 
200m from edge of 
wetlands and edge of 
impact 

EP Act (1986), EPP (SCP Lakes) 
2003 

 The purpose of the policy is to protect the 
environmental values of lakes on the Swan 
Coastal Plain. 

Banksia ilicifolia and B. 
articulata locations  

Syrinx Environmental 
(2010) site 
investigations and 
mapping 

 n/a n/a 
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Conservation / Heritage Values 

        

Heritage 
 

Bush 
Forever  

Wetland 
Conservation 

Category 
 

Significant 
Vegetation 

 

Wetland Function 

      

Hydrology/ 
Geology  

Distal Impacts 
Buffer/Zone of 

Influence 
 

Susceptible 
GDE's 

 

Figure 52 Criteria used to define and map Wetland Values and Wetland Functions within 

the Bibra Lakes system. 

 

Table 10 Weightings for Conservation/ Heritage Values 

Conservation Heritage Values 
Dataset Score Normalised 

Aboriginal Heritage Sites 
Outside the polygon 0 0 
Inside the polygon 1 1 

Bush Forever 
Outside the polygon 0 0
Inside the polygon 1 1 

Regionally Significant GDE 
Outside the polygon 0 0 
Inside the polygon 1 1 

Wetland Geomorphic Status 
Outside the polygon 0 0 

Conservation 1 1 
Multiple Use 0 0 
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Table 11  Weightings for Wetland Function 

Wetland Function 
Dataset Score Normalised

Banksia ilicifolia
Outside the polygon 0 0 
Inside the polygon 1 1 

Baumea articulata 
Outside the polygon 0 0 
Inside the polygon 1 1 

Hydrological Regime 
Outside the polygon 0 0 

Low Impact 1 0.33 
Medium Impact 2 0.67 

High Impact 3 1 
Wetland Boundary 200m 

Outside the polygon 0 0 
Wetland 1 1 

200m Buffer 1 1 

18.3 COMPOSITE RISK MAPS OF WETLAND VALUES & FUNCTIONS 

Figure 53 and Figure 54 show the outputs of the composite analysis of the conservation 

values and wetland functions of Bibra Lakes. Those areas with high Conservation/ Heritage 

Values lie directly within the MRS alignment (study area) as shown in Figure 53. The proposed 

Roe Highway extension intercepts areas of medium to high value, with those areas ranking 

zero having no Conservation or Heritage Value.  The area connecting Roe Swamp to North 

Lake has the highest Conservation Value with the presence of the four categories occurring 

within this area (Aboriginal Heritage Sites, Bush Forever Site, Regionally Significant GDE’s 

and CCW’s). The proposed construction footprint will impact directly on an area of high value 

which consists of all the Conservation and Heritage Categories (area where Roe Swamp 

connects to Lower Swamp).  For the extent of the construction footprint within the study area a 

range of one to three categories protected under State policy and legislation will be affected. 

The wetland function analysis map identified those areas that are at high risk if hydrological 

patterns and/or hydrochemical conditions are impacted by the proposed Roe Highway 

Extension (Figure 54).  A major portion of the construction footprint is within the high risk area; 

with the majority of the high risk areas running north to south along the western portion of the 

study site.  The cross sections of the site reflect the complex stratigraphy which supports the 

70 GDE sub-communities within the study area.  

The combination of these maps clearly demonstrates that the placement of any road through 

this area is contrary to the intent of a number of Commonwealth and Western Australian 

policies for protection of wetlands, determination of buffers, and protection of regionally 

significant vegetation. 
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Figure 53 Conservation and Heritage Values within Bibra Lake system. Darker shades 

represent areas of higher risk of impacts affecting the conservation values  
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Figure 54 Wetland Function variation within Bibra Lake system; darker shades indicate high risk areas in terms of impacts to wetland function
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Figure 53 continued. 
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19.0 ASSESSMENT OF DIRECT IMPACTS  

19.1 CONSTRUCTION & OPERATIONAL PHASE ASSUMPTIONS 

Impacts have been divided into the constructional phase and the operational phase.  Many of 

the questions regarding the construction phase of the Roe Highway through the Bibra Lakes 

area have been waived by the response from the road engineers that a detailed management 

plan will be produced during or just prior to the specific stage of development, and in this 

context without detailed description of impacts, it has not been possible to provide in critical 

areas of this project more detailed comments and quantification of impacts with respect to 

mitigating or avoiding the deleterious effects on the plants, groundwater flows, groundwater 

levels, groundwater chemistry, sediment structures, fabrics and textures, and stratigraphic 

complexity of the area interacting with the wetlands.  As a result, some of the impacts can only 

be described in general terms, and some can only be estimated. 

Impacts deriving from road construction have been extrapolated from longitudinal and cross-

sectional design plans forwarded by the road engineers in July 2010.  The data base for these 

comments is information provided by South Metro Connect, in response to direct questions 

from VCSRG P/L and Syrinx Environmental P/L, the report on the drilling programme, and 

observations of effects along Hope Rd and other already operating sections of the Roe 

Highway.  For a summary of impacts see Table 12. 
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Table 12 Impacts on the three dimensional natural environment likely to be incurred during the construction of the extension of Roe 

Highway 

Construction feature or 

process 

Potential impacts on 

wetlands, stratigraphy, 

groundwater or vegetation 

Degree of impact – longevity, 

intensity, amelioration 

Extent of impact 

1. Disturbance of 300 mm 

of topsoil, totalling 19,586 

m3 of sediment during 

development works 

300 mm of topsoil along 

Transect 3 includes the 

following sediment types: 

humic sand and very coarse 

to medium quartz sand. 

Removal of topsoil will disrupt 

the rhizosphere. 

Replacement of sediment, 

after removal, results in loss 

of sediment structure, texture 

and fabric, as well as soil 

microbiota to which native 

plants are very sensitive. 

Top soil will regenerate over time as 

plants recolonise, but the assemblages 

will be modified. 

These sedimentary properties will find 

a new equilibrium which is likely to be 

fundamentally different to the original 

sediments, and which will influence 

surface water storage and infiltration in 

a different way, effectively 

permanently changing the vegetation. 

The impact will cover the 

footprint of the road and its 

zone of impact 

2. Loss of 7.39 ha of 

CCW wetland  

Impact on severing and 

reducing wetland habitat by 

this amount and at this 

location is unknown. 

Effect varies from unknown to major Unknown 

3. The construction 

procedures for the road 

along its various 

segments e.g., 

management of acid 

sulphate soils if being 

excavated 

Acid sulphate soils have the 

potential to cause habitat 

degradation and change 

aquatic plant communities. 

Drainage from acid sulphate 

soils has the potential to:  

1) Precipitate iron;  

2) Alter the chemical and 

physical attributes of wetland 

waters and groundwaters; 

 3) Contribute to the solubility 

of heavy metals in 

groundwater ; 

4) Stunt root growth creating 

water stress;  

5) Decrease the soil microbes; 

and  

6) Alter the uptake and 

exudation of Ca, Mg, and K in 

the plant base (Qld DERM, 

2010) 

Some of these impacts are short term: 

changing the composition, density and 

distribution of the aquatic plant 

communities, contributing to the 

solubility of heavy metals in 

groundwater, and altering the uptake 

and exudation of Ca, Mg, and K in the 

plant base. 

Other impacts will remain longer term: 

habitat degradation, precipitation of 

iron, alteration of the chemical and 

physical attributes of wetland waters 

and groundwaters, stunting of root 

growth creating water stress, and 

decreasing the soil microbes. 

Minimal to no inherent buffering 

capacity is present in these soils 

(South Metro Connect, 2010) 

Degree of impact will also depend on 

the location of acid sulphate soils, the 

depth to groundwater, the local flow 

paths at that site, and the proximity of 

the wetlands 

The extent of the impacts will 

depend on the geographic 

location of acid sulphate 

soils, but would potentially 

be in the vicinity of the 

crossover between Horse 

Paddock Swamp and Bibra 

Lake 
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Construction feature or 

process 

Potential impacts on wetlands, 

stratigraphy, groundwater or 

vegetation 

Degree of impact – 

longevity, intensity, 

amelioration 

Extent of impact 

4. Management of 

unpredictable and 

unanticipated consequences of 

excavating in an area where 

the sediments are undescribed 

(Horse Paddock Swamp) and 

potentially contain buried 

wetland muds and muddy 

sands 

Potential for spillover effects into 

wetlands and groundwater 

Impact assessment will depend 

on the presence, depth 

thickness and lateral extent of 

acid sulphate soils 

Likely impacts will depend 

on the geographic location 

of acid sulphate soils, but 

would potentially be in the 

vicinity of the crossover 

between Horse Paddock 

Swamp and Bibra Lake 

5. Location of limestone 

platform to stockpile acid 

sulphate soils 

Impacts will depend on size and location 

of platform, and access roads to enable 

truck movements. 

Potential for geochemical and 

hydrochemical contamination if poorly 

located or designed. 

Geochemical effects will 

outlast hydrochemical effects 

Extent of impact would 

depend on location 

6. Location of lime sand 

stockpiles for blending 

Impact assessment depends on size, 

location and cover of stockpiles. 

Potential for geochemical and 

hydrochemical contamination 

Geochemical effects will 

outlast hydrochemical effects 

Likely to have distal as well 

as proximal effects, 

especially on groundwater 

pH and plant uptake. 

7. Removal and storage of the 

excavated material that might 

have to be removed to place in 

the road base 

Stockpiling of the retained 

topsoil 

Wetland hydrology is superficial and 

takes place predominantly in the top 3-5 

metres of the terrain.  In the top 5 metres 

of the sedimentary profiles along 

Transect 3 which coincides with the road 

alignment, removal of excavated material 

will include very coarse, coarse and 

medium yellow quartz sand and ferricrete 

horizons which will be replaced with 

compacted material with properties 

similar to fine or very fine sand. 

Removal of sediment in some areas will 

be to a depth below the prevailing water 

table. 

In semi-cleared  areas, there is a 

potential impact of stock piles on 

vegetation 

Removal of quartz sand 

overburden is unlikely to have 

a significant impact, because 

its major importance was the 

delivery of groundwater to 

plants under a variety of 

rainfall conditions. 

The replacement of road base 

in the interval of the water 

table will probably depress it 

below its current position and 

the level of the fill.  This will 

alter the local hydraulic 

gradient and may cause local 

water table drawdown north 

and south of the alignment, 

permanently impacting on 

groundwater flows and plant 

communities 

Stock piles of excavated 

sand are likely to increase 

the width and extension of 

the estimated footprint. 

8. Size and location of the 

working space during 

construction. Knowing the width 

of the road is crucial in 

estimating loss of habitat and 

interception of established 

groundwater flows 

From the long view it can be seen that the 

width of the road varies along its length.  

It is widest over the two wetland areas 

where there are slip lanes 

Given a 2-4.5 m road impact zone or road 

buffer either side of the access and 

ferrying roads, the estimated width of the 

road is 84 m. 

Impacts are likely to involve 

sediment compaction, and 

vegetation trampling, damage 

and burial 

The extent of damage 

should be confined to the 

buffer of road impacts 
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Construction feature or 

process 

Potential impacts on wetlands, 

stratigraphy, groundwater or 

vegetation 

Degree of impact – 

longevity, intensity, 

amelioration 

Extent of impact 

9. Bridge over Roe Swamp 

surrounds 

Loss of wetland habitat and plant species. 

Segmentation of wetland habitat and 

alienation and disruption of wetland plant 

communities 

The plants under the bridge are unlikely 

to survive because of 1) lack of direct and 

indirect sunlight, 2) lack of rainfall, 3) 

rupture of soils and roots from vehicle 

traffic vibrations. 

The conduits under the bridge will assist 

surface flows (minor) but will not facilitate 

penetration or recharge of groundwater to 

the water table, which is the dominant 

flows given that parts of this wetland 

exhibit characteristics of dampland or 

shallow sumpland. 

Impacts on the area of wetland 

under the road footprint are 

irreversible and permanent 

Local but intense effects on 

groundwater, wetland 

plants and sediments 

10. Height of the road above 

the natural surface for the 

different segments of the road 

Profile currently shows 5-8 m of fill. This 

is a large volume of compacted sediment 

above the natural surface and sediments, 

which is likely to compact natural 

sedimentary layers underlying this 

material.  In areas adjoining the road fill, 

with a shallow depth to groundwater (3-5 

m), the effect will be similar to placing a 

lens of relatively impermeable material to 

intercept the groundwater flows.  

Recharge rates between the natural 

surfaces and the buried surface will differ 

because of topographic and sediment 

textural attributes thereby disrupting local 

hydraulic gradients, causing flow paths to 

alter. 

Surface runoff from the heightened road 

surface will increase and local 

groundwater recharge will decrease. 

This is long term impact and 

will cause groundwater 

movement and throughflow in 

the Bibra Lakes system to 

readjust.  It may also interfere 

with the flushing mechanisms 

and diagenetic plumes which 

are evident around each 

wetland. (Sites 3D, 3D/E, 3E, 

B, C, D, F). 

The impedance and 

obstruction to flow are 

proximal effects. 

The distal effects on 

groundwater flows, 

groundwater and wetland 

recharge, and wetland 

margin diagenetic effects 

will be around Bibra Lake, 

North Lake and Roe 

Swamp. 
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Construction feature or 

process 

Potential impacts on wetlands, 

stratigraphy, groundwater or 

vegetation 

Degree of impact – 

longevity, intensity, 

amelioration 

Extent of impact 

11. The nature of the edging of 

the road between the sealed 

road itself and its interface with 

the natural environment for the 

different segments of the road 

Retaining walls, batters, and embankments 

each have individual edge effects on the 

adjoining sediments and vegetation, e.g., 

rills, crevasse splays, redistribution of 

sediment, transport of pollutants in 

cascades, shadow effects, and 

groundwater interception.  In different 

settings there will be different 

environmental impacts. 

Wall vs ramp will determine environmental 

edge effects. 10 cm rain would result in 104 

m3 draining off the road during a storm. 

Ramparts underlain by yellow sand 

adjoining the road will undergo the same 

diagenetic effects as the Bassendean Sand 

and over time will be leached and develop 

hard pans within the sand body replicating 

the same stratigraphic complexity as 

elsewhere in the system and having the 

same impacts on water flows and perching. 

Permanent and cumulative Localised sedimentary and 

hydrochemical impacts (2 

m either side of the road) 

and distal hydrological 

effects (50 m) 

12. The geological composition 

of the road base (e.g., limestone, 

blue metal, concrete rubble) 

Road base materials are not chemically inert. 

Linear interception structures and planes 

change the geochemical and 

hydrochemical composition of the habitats 

As long as the life of the 

road base 

Plumes of hydrochemical 

alteration are likely to 

extend from the source and 

the length of these plumes 

will depend on the 

direction, velocity and 

volume of throughflow 

13. Water table depressions, 

drawdown, or dewatering 

Divert groundwater flows 
Create plant stress 
Reduce recharge to water table 
Create lateral flow rather than vertical 

Seasonal impact Likely to be localised where 

drains associated with the 

road export water from an 

area in which rain 

infiltration would usually 

occur 
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Construction feature 

or process 

Potential impacts on wetlands, 

stratigraphy, groundwater or 

vegetation 

Degree of impact – longevity, 

intensity, amelioration 

Extent of impact 

14. Drain discharge One of the drainage discharge 

basin locations is proposed in an 

intermittently inundated area with 

wetland vegetation cover of open 

woodland Melaleuca preissiana 

and Eucalyptus rudis.  The water 

levels here are < 4m below the 

surface with an overburden of very 

coarse to medium quartz sand.  

The impacts here are likely to 

pertain to a shift from waterlogging 

to inundation and a shift from 

intermittent to seasonal. 

The wetland plant species here can 

accommodate a shift from 

intermittent to seasonal water, but 

are unlikely to adapt to the change 

to inundation. 

Overflow and outflow from this area 

which is approximately 3m higher 

than Horse Paddock Swamp is 

likely, and there is a risk it could 

occur before any settling out of 

particles or purification of 

stormwater runoff has taken place. 

Ongoing and cumulative in 

groundwater and in Horse 

Paddock Swamp 

15. The removal and 

installation of new 

power lines 

Additional sediment disturbance  The power pole locations 

have been estimated and 

added to the edge of the 

design footprint.  It is likely 

that most of these will fit 

within the embankment and 

there will be no additional 

footprint, but further advice 

from Western Power needs to 

be obtained. 

The pylons are being 

exchanged for single poles.  

The dimensions of these 

depend on the span between 

them – the longer the span, 

the higher they need to be to 

allow for the sag of lines. 

16. Dust generated by 

road construction  

Dust, bioturbated and physically 

settling into coarse and very coarse 

sand sediments altering porosity 

and permeability characteristics of 

the sediments. 

Dust ingrained in the leaves of 

plants. 

The problem of carbonate dust. 

The source, volume and chemical 

composition of water required to 

dampen the dust problem during 

summer. 

The associated problems of 

dieback. 

The impact on the sediments will be 

long term and irreversible. 

 

The impact on the leaves of 

individual plants will be acute but 

short term. 

 

As the source and volume of the 

dampening water have not yet been 

determined, the impacts from this 

process cannot be described. 

Dieback will be manageable but 

increase the risk in the area where 

currently it is not present. 

Some of these problems will 

be proximal and some of the 

problems will have distal 

effects on the surrounding 

wetland and upland plants.  

There are likely to be 

concentric zones of dust 

fallout or plumes based on 

prevailing winds. 
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19.2 SUMMARY OF DIRECT WETLAND IMPACTS  

Drill Transect 3 (Figure 54) which corresponds with the proposed road alignment and the 

information from drilling investigations demonstrate a number of key stratigraphic and 

hydrologic factors. The key factors are as follows: 

 There is the wetland north of Roe Swamp.  This wetland is predominantly a dampland with 

some depressions which are seasonally inundated to a shallow depth of < 20 cm.  The 

prevailing wetland conditions are seasonality and waterlogging.  Potential impacts of a road 

segment across this wetland include: 

 Further loss of wetland; 

 Changing the type of wetland from either dampland to sumpland or from dampland to 

dryland, depending on how water on and under the bridge is managed; 

 Fragmentation of wetland hydrologically and ecologically; and 

 Severance of ecological and hydrological connection between Roe Swamp and the wetland 

(dampland) to its north. 

 The sediments of the wetland north of Roe Swamp will be cut, filled, or have pylons 

cemented into them.  These sediments include muddy sands and sands. 

 Water Piling will perforate any shallow stratigraphic layers that act to perch or retard vadose 

percolation, or retard water through-flow (as described above).  Additionally, the material 

adjoining the cylinder of piling will be compressed and will have its hydrological properties 

altered thus affecting the hydrological properties of any shallow stratigraphic layers that act 

to perch or retard vadose percolation or retard water through-flow.  The natural relatively 

homogeneous laterally stratigraphic layer will be replaced by a layer that resembles a sheet 

or lenses that is with nodes of impermeable material (the piling) surrounded by compacted 

material, thus fundamentally changing the hydrological properties of the stratigraphic layer 

which will change its hydrological function and may affect the wetland flora and biodiversity. 

 Water tables in this wetland (the wetland north of Roe Swamp) are close to the surface (< 

2.5 m) at sites 3B, 3C and 3D all year round. 

 There is considerable groundwater throughflow towards the wetland and away from it.  This 

throughflow has not been quantified, but its extent and flow interval are identifiable through 

its diagenetic effects on the sediments which is evident under sites 3A, 3B and 3C. 

 The hill to the west of this wetland acts as both a recharge and discharge site depending on 

water table conditions, moderating water flows into and from the wetland. 
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 There is a groundwater flow between Roe Swamp and North Lake, which will be impacted by 

road works and the road itself once it is completed. 

 There is the potential to disrupt groundwater through flows from Roe Swamp to North Lake 

and around Transect 3. 

In terms of hydrological impacts, the proposed extension of Roe Highway is located in the 

direct path of groundwater flow between Roe Swamp and North Lake.  This will result in 

decreasing annual and seasonal flows to North Lake.  It is also directly placed to intersect and 

disrupt the local groundwater flows between the sand hill west of site 3D and the wetland at 

site 3C.  Site 3D appears to act as a valve for the wetland at site 3D, providing water when 

levels drop in the wetland and exporting water when levels are too high, thus maintaining a 

balance of water logging for the plants therein. 

In addition to the general impacts described above, potential impacts to the west of the 

wetland north of Roe Swamp (which will be traversed by the road segment across 

wetlands and their sediments) which acts as both a recharge and groundwater include: 

 Potential to change the type of wetland from either dampland to sumpland or from dampland 

to dryland, discharge site depending on how water ontable conditions, moderating water 

flows into and under from the bridge is managed. 

 Fragmentation of wetland hydrologically and ecologically. 

 Severance of ecological and hydrological connection between Roe Swamp and the northern 

wetland (dampland). 

 Severance of the ecological and hydrological connection between wetland habitat and the 

surrounding upland.  It will stop the reverse flow that seasonally occurs into the wetland, 

exacerbating below average rainfall conditions for the groundwater dependent plants. 

 Some disruption of throughflow from Roe Swamp to North Lake 

 Further loss of wetland habitat. 
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20.0 ASSESSMENT OF IMPACT ON GDE & SPECIES  

Groundwater dependent species occur throughout the study area, in a complex mosaic of 

species distribution and density reflecting changes in soil types and depth to groundwater and 

more complex stratigraphical and hydrological patterns as described in earlier sections.  

GDE mapping at this scale has not been conducted on the Swan Coastal Plain previously so it 

is not possible to discuss the impact of loss of GDE sub-communities in regional terms as 

required in EPA Guidance 51 (EPA, 2004). However it is possible to establish the impact of 

the Roe Highway Extension project within the study area.  

On the Swan Coastal Plain the importance of groundwater as a water source and response to 

changes in its availability are not necessarily consistent for all individuals of a species, but 

may be site-specific and dependent on groundwater depth (Zencich, 2002) therefore 

assessment of impact is complex.  

Key impacts are likely to be both direct (local) and distal from the point of disturbance, with the 

extent of impact dictated by the boundary of stratigraphical / hydrological units.  Key impact 

types may be grouped as follows: 

1. Direct clearing; 

2. Localised decline in seasonal groundwater levels associated with undetermined 

hydrological changes; 

3. Localised increase in seasonal groundwater levels associated with undetermined 

hydrological changes; 

4. Distal lowering or raising of water table associated with subsurface interruptions to 

throughflow zones and/or impoundment zones and/or aquitards; and 

5. Indirect loss of species via loss of associated species controlling water distribution 

from deeper zones to mid and upper soil zones. 

20.1 DIRECT & INDIRECT CLEARING IMPACTS 

In terms of the immediate direct clearing impacts, it would appear that the current alignment of 

the Roe Highway extension would result in loss of: 

 The only substantial remaining area of Baumea rubiginosa immediately north of Roe Swamp 

(GDE sub-community 57). 

 Approximately 11 ha of GDE vegetation. 
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Those areas that will be directly and indirectly impacted by the Roe Highway Extension are 

outlined below in Table 13 and Table 14 and presented in Figure 55.  

Note, a two meter buffer was added to the immediate construction footprint as AECOM 

identified that this is the average distance of possible disturbance of vegetation during 

construction. A total of 310.ha of GDE sub communities have been mapped within the study 

area.  

A total of 11.71ha of GDE sub communities will be cleared for the construction footprint, this 

represents 3.3% of all GDE sub communities within the study area. The clearing directly 

impacts 23 GDE sub communities representing 33% of GDE sub communities present in the 

study area. 

A total of 90.65ha is within the 200m wetland hydrological buffer where indirect impacts may 

occur due to undetermined hydrological changes (Section 20.4). Distal impacts may impact on 

46 GDE sub communities representing 66% of GDE sub communities present in the study 

area. 

The total area of direct and indirect impacts on GDE sub – communities is 102.36ha.  

The significant direct impacts include: 

 11.71ha of GDE communities cleared for the construction footprint; 

 90.65ha of GDE communities potentially indirectly impacted by undetermined hydrological 

changes within the 200m hydrological buffer; 

 54% of GDE 57 (Baumea rubiginosa sedgeland) will be cleared. The most significant 

population of B. rubiginosa will be partially cleared and completely covered by the proposed 

bridge; 

 68% of GDE 23 and 32% of GDE 24 will be cleared, representing 32% of the broader 

community type cleared for the construction of the Roe Highway Extension; 

 25% of the only patch of Eucalyptus todtiana (GDE 18) on site will be cleared; 

 32% of the only patch of Corymbia calophylla (GDE 53) on site will be cleared. 

 13.6% of the Kunzea glabrescens in excellent condition will be cleared; 

 Banksia woodlands represent a total of 64.9ha, of which 1.57ha will be cleared for the 

construction of the Roe Highway (which include common species such as Scholtzia 

involucrata and Stirlingia latifolia represented in GDE 21 and 22 woodland areas) ; and 
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 Fragmentation of the only remaining areas of Banksia Woodland in very good condition in 

the Beeliar wetland chain. 

 It should be noted that impacts extend beyond the immediate footprint. Within Banksia 

woodlands weed incursion distance increases with size of disturbance. 90m of weed infested 

Banksia woodland was recorded based on a 20m wide road (see Section 20.5 Indirect 

Impacts).  

It must be noted that these figures only take into account the direct impact of clearing for the 

Roe Hwy Extension Project on GDE communities. It does not take into account other impacts 

associated with the construction such as hydrology, shading, sensitivities of GDE species 

associated with groundwater levels and fragmentation of communities etc. 
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Table 13 Direct Impacts 

Broader 
Community 

GDE Sub Communities 
Are

a 
(ha) 

Total area (ha) of 
broader 

community 
within study area 

Area (ha) that 
lies within the 
construction 

footprint  

% of Sub community 
cleared for the 

construction footprint 

% of broader 
community 
cleared for 
footprint 

construction 

Banksia Woodland 
2. Mixed Banksia woodland  
SubComm 1 

3.29 
 

0.02 0.61 
 

 

17. Banksia 
attenuata/Banksia menziesii  
open forest SubComm 8

6.01 
 

0.29 4.83 
 

 

21. Banksia attenuata / 
Banksia menziesii woodland 
SubComm 9 

7.51 
 

1.22 16.25 
 

 
22. Mixed Banksia woodland 
SubComm 2

8.09 64.92 0.04 0.49 2.42 

Corymbia calophylla 
tall open woodland 
over Banksia 
menziesii and 
Banksia attenuata 
woodland 

37.  Corymbia calophylla tall 
woodland over Banksia 
menziesii and Banksia 
attenuata woodland 
SubComm 1 

3.84 
 

0.03 0.78 
 

 

41. Corymbia calophylla tall 
open woodland over Banksia 
menziesii and Banksia 
attenuata woodland 
SubComm 2 

16.0
2 

19.86 2.91 18.17 14.81 

Corymbia calophylla 
tall woodland  

42. Corymbia calophylla tall 
open woodland over Banksia 
attenuata woodland 
SubComm 3 

11.0
3  

1.78 16.14 
 

 
53. Corymbia calophylla open 
woodland SubComm 4 

0.12 13.67 0.04 32.71 13.32 

Eucalyptus rudis tall 
closed forest and 
Melaleuca 
preissiana closed 
forest 

23. Eucalyptus rudis tall open 
woodland over Melaleuca 
preissiana  open woodland 
SubComm 2 

1.21 
 

0.83 68.77 
 

 

24. Eucalyptus rudis tall open 
woodland over Melaleuca 
preissiana woodland 
SubComm 3

2.69 5.33 0.88 32.66 32.06 

Eucalyptus rudis tall 
closed forest and 
Melaleuca 
rhaphiophylla closed 
forest 

9. Eucalyptus rudis tall open 
woodland over Melaleuca 
rhaphiophylla open woodland 
SubComm 1 

9.09 23.25 0.98 10.78 4.22 

Eucalyptus rudis tall 
closed forest over 
Melaleuca 
preissiana and 
Melaleuca 
rhaphiophylla closed 
forest 

20. Eucalyptus rudis 
/Melaleuca preissiana / 
Melaleuca rhaphiophylla open 
woodland SubComm 4 

8.58 19.53 0.87 10.14 4.45 

Eucalyptus rudis tall 
woodland over 
mixed woodlands 

38. Eucalyptus rudis tall open 
woodland over Melaleuca 
preissiana and Banksia 
littoralis open woodland 
SubComm 6 

1.14 
 

0.16 14.02 
 

 

58. Eucalyptus rudis tall open 
woodland over Melaleuca 
preissiana and Banksia 
littoralis open woodland 
SubComm 7 

1.00 18.69 0.01 1.00 0.91 

Melaleuca 
rhaphiophylla closed 
forest 

14. Melaleuca rhaphiophylla 
closed forest SubComm 2 

6.94 14.74 0.03 0.43 0.20 

Scattered 
7. Scattered Corymbia 
calophylla and Eucalyptus 
todtiana 

1.05 
 

0.25 23.70 
 

 
8. Scattered Eucalyptus rudis 

37.1
1

0.15 0.40 

 
18. Scattered Eucalyptus 
todtiana 

0.27 44.59 0.07 25.64 1.05 

Typha orientalis 
closed sedgeland  

43. Typha orientalis closed 
sedgeland SubComm 2 

17.2
7 

19.44 0.01 0.06 0.05 

Baumea rubiginosa 
sedgeland 

57. Baumea rubiginosa 
sedgeland 

0.15 0.15 0.08 54.02 54.02 

Corymbia calophylla 
and Eucalyptus 
rudis closed forest 

55. Corymbia calophylla and 
Eucalyptus rudis closed forest 

1.77 1.77 0.05 2.82 2.82 

Eucalyptus 
gomphocephala 
closed forest 

70. Eucalyptus 
gomphocephala closed forest 

0.21 0.21 0.01 4.86 4.86 

Kunzea glabrescens 
closed tall scrub 

1. Kunzea glabrescens tall 
closed scrub SubComm 1 

7.35 7.42 1.00 13.60 13.48 

Total area of GDE Communities directly impacted by Roe Highway Extension  11.71ha 
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Table 14 Indirect Impacts 

Broader Community GDE Sub Communities 
Area 
(ha) 

Broader 
community 

(ha) 

Area (ha) that 
lies within the 

200m 
hydrological 

buffer 

% of GDE sub 
communities potentially 

distally impacted by 
undetermined 

hydrological changes 
within the 200m 

hydrological buffer 

% of broader 
community potentially 
indirectly impacted by 

undetermined 
hydrological changes 

within the 200m 
hydrological buffer 

Banksia Woodland 

 
2. Mixed Banksia woodland  
SubComm 1 3.29 

64.92 

2.40 
73 
4 

31.79 

4. Banksia ilicifolia open 
woodland  SubComm 4 4.38 2.67 61 

17. Banksia 
attenuata/Banksia 
menziesii  open forest 
SubComm 8 

6.01 4.73 79 

21. Banksia attenuata / 
Banksia menziesii 
woodland SubComm 9 

7.51 6.84 91 

22. Mixed Banksia 
woodland SubComm 2 8.09 2.02 25 

59. Banksia attenuata and 
Banksia menziesii open 
woodland SubComm 6 

8.76 1.97 22 

Baumea articulata 
closed sedgeland 60. Baumea articulata 

closed sedgeland 0.07 0.07 0.01 18 100 

Corymbia calophylla 
and Eucalyptus rudis 
closed forest 

55. Corymbia calophylla 
and Eucalyptus rudis 
closed forest 

1.77 1.77 1.49 84 100 

Corymbia calophylla 
tall open woodland 
over Banksia menziesii 
and Banksia attenuata 
woodland 

 

37. Corymbia calophylla tall 
woodland over Banksia 
menziesii and Banksia 
attenuata woodland 
SubComm 1 

3.84 

19.86 

3.84 100 

69.81 
41. Corymbia calophylla tall 
open woodland over 
Banksia menziesii and 
Banksia attenuata 
woodland SubComm 2 

16.02 10.02 63 

Corymbia calophylla 
tall woodland 16. Corymbia calophylla tall 

open woodland SubComm 
1 

0.25 

13.67 

0.25 100 

86.89 

36. Corymbia calophylla tall 
woodland over Banksia 
littoralis open woodland 
SubComm 2 

0.47 0.47 100 

42. Corymbia calophylla tall 
open woodland over 
Banksia attenuata 
woodland SubComm 3 

11.03 11.03 100 

53. Corymbia calophylla 
open woodland SubComm 
4 

0.12 0.12 100 

Eucalyptus 
gomphocephala closed 
forest 

70. Eucalyptus 
gomphocephala closed 
forest 

0.21 0.21 0.21 100 100 

Eucalyptus rudis tall 
closed forest and 
Melaleuca preissiana 
closed forest 

23. Eucalyptus rudis tall 
open woodland over 
Melaleuca preissiana  open 
woodland SubComm 2 
 

1.21 

5.33 

1.21 100 

74.09 

24. Eucalyptus rudis tall 
open woodland over 
Melaleuca preissiana 
woodland SubComm 3 
 

2.69 2.69 100 

32. Eucalyptus rudis tall 
open forest over Melaleuca 
preissiana closed forest 
SubComm 4 
 
 

0.38 0.05 13 
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Broader Community GDE Sub Communities 
Area 
(ha) 

Broader 
community 

(ha) 

Area (ha) that 
lies within the 

200m 
hydrological 

buffer 

% of GDE sub 
communities potentially 

distally impacted by 
undetermined 

hydrological changes 
within the 200m 

hydrological buffer 

% of broader 
community potentially 
indirectly impacted by 

undetermined 
hydrological changes 

within the 200m 
hydrological buffer 

Eucalyptus rudis tall 
closed forest and 
Melaleuca 
rhaphiophylla closed 
forest 

9. Eucalyptus rudis tall 
open woodland over 
Melaleuca rhaphiophylla 
open woodland SubComm 
1 

9.09 

23.25 

1.79 20 

10.20 

19. Melaleuca 
rhaphiophylla and 
Eucalyptus rudis woodland 
SubComm 6 

2.30 0.62 27 

30. Eucalyptus rudis tall 
closed forest over 
Melaleuca rhaphiophylla 
closed forest  SubComm 2 

1.29 0.69 53 

31. Eucalyptus rudis tall 
open forest over Melaleuca 
rhaphiophylla closed forest 
SubComm 3 

0.53 0.43 81 

40. Eucalyptus rudis tall 
closed forest over 
Melaleuca rhaphiophylla 
closed forest  SubComm 4 

1.83 1.26 69 

Eucalyptus rudis tall 
closed forest over 
Melaleuca preissiana 
and Melaleuca 
rhaphiophylla closed 
forest 

20. Eucalyptus rudis 
/Melaleuca preissiana / 
Melaleuca rhaphiophylla 
open woodland SubComm 
4 

8.58 

19.53 

5.13 60 

46.70 
33. Eucalyptus rudis tall 
closed forest over 
Melaleuca preissiana and 
Melaleuca rhaphiophylla 
closed forest SubComm 2

4.52 3.54 78 

63. Eucalyptus rudis/ 
Melaleuca preissiana / 
Melaleuca rhaphiophylla 
closed forest SubComm 3 

6.19 0.45 7 

Eucalyptus rudis tall 
forest 46. Eucalyptus rudis tall 

open forest SubComm 1 1.37 8.27 0.44 32 5.26 

Eucalyptus rudis tall 
woodland over mixed 
woodlands 

3. Eucalyptus rudis closed 
forest over Melaleuca 
preissiana/Banksia littoralis 
low open woodland 
SubComm 5 

0.16 

18.69 

0.16 100 

23.21 

35. Eucalyptus rudis tall 
woodland over Banksia 
ilicifolia and Melaleuca 
preissiana open woodland 
SubComm 1 

0.94 0.94 100 

38. Eucalyptus rudis tall 
open woodland over 
Melaleuca preissiana and 
Banksia littoralis open 
woodland SubComm 6 

1.14 1.14 100 

45. Eucalyptus rudis tall 
open forest over Melaleuca 
preissiana and Melaleuca 
rhaphiophylla closed forest  
SubComm 8

1.38 0.33 24 

48. Eucalyptus rudis / 
Melaleuca preissiana / 
Banksia littoralis open 
forest  Sub Comm 2 

1.84 0.77 42 

58. Eucalyptus rudis tall 
open woodland over 
Melaleuca preissiana and 
Banksia littoralis open 
woodland SubComm 7

1.00 1.00 100 

Kunzea glabrescens 
closed tall scrub 1. Kunzea glabrescens 

closed tall scrub SubComm 
1 

7.35 

7.42 

4.28 58 

58.63 
39. Kunzea glabrescens 
closed tall scrub SubComm 
2 

0.07 0.07 100 

Melaleuca preissiana 
and Melaleuca 
rhaphiophylla woodland 

47. Melaleuca preissiana 
and Melaleuca 
rhaphiophylla woodland 
SubComm 1 

2.10 3.77 0.86 41 22.94 
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Broader Community GDE Sub Communities 
Area 
(ha) 

Broader 
community 

(ha) 

Area (ha) that 
lies within the 

200m 
hydrological 

buffer 

% of GDE sub 
communities potentially 

distally impacted by 
undetermined 

hydrological changes 
within the 200m 

hydrological buffer 

% of broader 
community potentially 
indirectly impacted by 

undetermined 
hydrological changes 

within the 200m 
hydrological buffer 

Melaleuca preissiana 
Banksia littoralis closed 
forest 

50. Melaleuca preissiana 
Banksia littoralis closed 
forest 

2.11 2.11 2.11 100 100 

Melaleuca preissiana 
closed forest 13. Melaleuca preissiana 

closed forest SubComm 1 1.49 1.67 1.49 100 89.13 

Melaleuca 
rhaphiophylla closed 
forest 

14. Melaleuca 
rhaphiophylla closed forest 
SubComm 2 

6.94 

14.74 

1.14 16 

8.39 
34. Melaleuca 
rhaphiophylla closed forest 
SubComm 1 

0.32 0.10 30 

Melaleuca teretifolia 
closed tall scrub 11. Melaleuca teretifolia 

closed tall scrub 29.96 29.96 1.03 03 3.44 

Scattered 
6. Scattered Banksia 
littoralis 0.33 

44.59 

0.33 100 

5.61 

7. Scattered Corymbia 
calophylla and Eucalyptus 
todtiana SubComm  4 

1.05 0.33 31 

8. Scattered Eucalyptus 
rudis 37.11 1.57 4 

18. Scattered Eucalyptus 
todtiana 0.27 0.27 100 

Typha orientalis closed 
sedgeland 43. Typha orientalis closed 

sedgeland SubComm 2 17.27 19.44 6.35 37 32.67 

Total area of GDE Communities distally impacted by Roe Highway Extension 90.65 
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Figure 55 Direct and distal impacts
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20.2 SIGNIFICANCE OF CLEARING IMPACTS  

All the GDE communities that are directly impacted by the clearing associated with the Roe 

Hwy extension are regionally significant according to the Bush Forever (WAPC, 2000) 

selection criteria (Figure 55). Within the Swan Coastal Plain portion of the Perth Metropolitan 

Region, bushland of regional significance is identified by the criteria in Bush Forever (WAPC, 

2000). Regionally significant bushland that is to be protected has been designated within Bush 

Forever sites or identified as any bushland of a vegetation complex with only 400ha or 10% or 

less (whichever is greater) remaining in the Bush Forever Study Area (WAPC, 2000). 

Bush Forever Site 244 encompasses both North Lake and Bibra Lake, and has met the 

following Bush Forever criteria: 

 Representation of Ecological Communities; 

 Diversity; 

 Rarity; 

 Maintaining ecological processes or natural systems; 

 Scientific or evolutionary importance; and 

 General criteria for protection of wetland fringing vegetation. 

Bush Forever sites were last assessed in 2000, and for the purpose of this report the GDE 

sub-communities was assessed using the same criteria (Table 15). The GDE sub-communities 

of the study area remain regionally significant with the Banksia Woodlands north of Hope 

Road being the largest and best condition example of this Vegetation Group within the Beeliar 

Wetland Chain (Bronwen Keighery pers comm.).  
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Table 15 Selection Criteria for GDE Communities 

Selection Criteria (WAPC, 

2000) 

Justification for Selection 

Representation of Ecological 

Communities 

A total of 70 GDE sub-communities were identified during 

the survey  

Diversity GDE indicator species were restricted to localised areas 

depending on stratigraphy and hydrology.  30 indicator 

species were found throughout the study area. As 

knowledge of GDE’s increase, it is likely many more 

species present will be identified as being groundwater 

dependent.  

Rarity No targeted survey yet undertaken, however habitat that 

could potentially support DRF species exists within the 

study area (e.g. the Banksia Woodlands contain habitat 

suitable for Caladenia huegelii).  

Maintaining ecological 

processes or natural systems 

Part of a regionally significant contiguous bushland/wetland 

linkage (WAPC, 2000). 

Scientific or evolutionary 

importance 

North Lake and Bibra Lake have been identified as having 

important evolutionary values in terms of wetland development 

along the stratigraphic contact zone (regional scale), the 

resulting characteristic geometry and bathymetry of the wetland 

basins (local scale); and the records in their sedimentary 

accumulations and specific ecological and hydrochemical 

processes that are maintained by sedimentary basin and 

hydrological interactions (intrabasinal scale). 

General criteria for protection 

of wetland fringing vegetation 

Wetlands and associated fringing vegetation and adjacent 

upland vegetation in good - excellent condition. 



 

 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 56 Regionally Significant GDE Communities assessed using Bush Forever 

(WAPC, 2000) Selection Criteria  
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20.3 POTENTIAL IMPACTS OF LOCALISED GROUNDWATER DECLINE 

The EWR for Bibra Lake is a preferred autumn minimum of 12.18m AHD, based on 

requirements for Melaleuca preissiana. The EWR for North Lake is 12.68m AHD based on the 

requirements of Banksia littoralis. During March 2010 the V and C Semeniuk (2010) results 

showed in areas of Melaleuca preissiana the groundwater level was 12.65-13.18m AHD and 

areas of Banksia littoralis was 13.18m AHD therefore both below the preferred EWR. Specific 

site conditions that may influence groundwater dependence at Bibra and North Lakes were not 

considered (e.g. stratigraphy) in setting the EWRS (Froend et al., 2004).  

The species at highest risk to localised decline are Banksia ilicifolia (small tree) and Baumea 

articulata (wetland sedge). Banksia ilicifolia is a common species of ten GDE assemblages 

(predominantly in Banksia Woodlands), of which 6 are within the hydrological buffer (GDE’s 2, 

4, 21 and 22) (Figure 57). Baumea articulata is considered by DOW to be the most susceptible 

species to declining water levels (Froend et al., 2004). Baumea articulata is a present within 

thirteen GDE assemblages, of which 5 are within the hydrological buffer (GDE’s 30, 31, 34, 

47, 50 and 60) (Figure 58). Banksia ilicifolia is a terrestrial species most sensitive to 

groundwater decline as it is an obligate species and therefore can’t access moisture in surface 

and subsurface soils like Banksia attenuata and B. menziesii during summer months (Zencich, 

2002).In general, Banksia’s found growing in areas where the depth to groundwater is 

between 3 and 5 metres will be most susceptible to changes in water level, particularly if 

declines are too rapid to provide adequate time for root systems to respond.  

The B. rubiginosa population (GDE 57) is indicative of a freshwater spring being present in 

this location just north of Roe Swamp and under the proposed bridge structure. This 

community would also be impacted by changes to localised decline in groundwater levels and 

shading under the bridge preventing normal rainfall infiltration. As the minimum EWRs set for 

Bibra and North Lakes were not met in 2010 there is an existing high risk of impact to this 

species of decreasing water levels.  

The main impacts are: 

 Any further groundwater decline increasing the risk of EWR’s for Bibra Lake and North Lake 

not being met in the future. 

 A groundwater decline within the 200m hydrological buffer of more the 0.25m will impact 

Banksia ilicifolia and Baumea articulata (See Figure 59). 
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Figure 57 Banksia ilicifolia locations. Note, it occurs within a number of assemblages 
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Figure 58 Baumea articulata locations 
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Figure 59 Baumea articulata and Banksia ilicifolia locations within the 200m wetland 

hydrological buffer 
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20.3.1 Change To Local Flow Patterns 

Direct  

In addition to groundwater impacts, changes to local surface water flow patterns are likely to 

impact some species. If all water isn’t contained and surface water flows off the embankments 

then the population of Scholtzia involucrata adjacent to the construction corridor in Banksia 

Woodland GDE’s 2, 21 and 22 may be impacted, since this species is dependent on soil 

moisture. This species does not access water at depths of >2m and would not tolerate 

waterlogging if it were to occur (Groom et al., 2000). 

The main impacts are: 

 Surcharging effects from embankments or footings; 

 Fracturing or penetration of shallow aquatard features, such as calcrete, ferricrete or clay 

layers; 

 Surface flow from embankments impacting adjacent vadose zone GDE species such as 

Scholtzia involucrata in Banksia Woodland GDE’s 2, 21 and 22; andImpact of bridge pylons 

on the local flow patterns for shallow rooted species such as the remaining portion of 

Baumea rubiginosa sedgeland. 

Distal 

Changes to throughflow and alteration of recharge and discharge zones may result in the loss 

of plants that demonstrate synergistic water harvesting and sharing regimes, such as 

‘hydraulic lift’ and/or maintenance of water table via evapotranspiration may occur. The 

redistribution of water throughout the profile has been identified in Banksia woodlands 

(Burgess et al., 2000) but there is very little knowledge at a species scale and further 

investigation is required. 

The main impact will be: 

 A risk of impacting deep rooted species such as Banksia attenuata when their role in 

redistribution of water throughout the soil profile for medium and shallow rooted species, 

such as Stirlingia latifolia, a dominant species of the Banksia Woodland GDE’s 2 and 21, is 

currently unknown. 
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20.4 DISTAL LOWERING OR RAISING OF WATER TABLE IMPACTS  

20.4.1 Environmental Water Requirements 

Background 

Environmental Water Requirements (EWR) are defined as the water regime needed to 

maintain a particular composition, structure and level of ecological function and ecosystem 

service provision (Land and Water Australia, 2007b). 

There are existing conceptual frameworks specifically designed for identifying the EWR’s for 

GDEs within Australia (Hatton and Evans, 1998; PPK, 2001; WRC, 2000; Clifton and Evans, 

2001; Land and Water Australia, 2007a-c; and SKM, 2001). Land and Water Australia (2007a-

c) listed the following two steps to identify the EWR’s of GDEs: 

 Setting the context, which: 

o Identifies ecosystems that potentially have some degree of dependence on 

groundwater and physical aspects of the landscape in which they exist; 

o Sets ecological objectives; and 

o Conducts preliminary analysis of risk posed to GDEs by altered water regimes. 

 Identifying processes, which: 

o Establishes ecosystem dependence on groundwater and the form of that 

dependence; and 

o Identifies activities that have the potential to impact adversely on ecological 

function. 

These frameworks and tools can form the basis for setting environmental targets and 

developing effective management plans that include monitoring, evaluating and reporting 

processes so as to assist in assessing the success of management and the health and 

longevity of GDE vegetation (Land and Water Australia, 2007c). 

Approach 

The approach used for the assessment of EWR’S within the study area was as follows: 

1. Identification of groundwater dependent ecosystems. 
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a. Desktop review of study area (Part 1 Report) 

b. Identification of hydro-geological features indicative of GDEs  

c. Identification of dependent ecosystems or processes within each hydro-geological 

feature  

2. Identification of potential impacts and EWRs. 

a. Rank GDEs by level of susceptibility. 

b. Identify risk of impact to GDEs from further water regime change.  

c. Describe possible response of GDEs to drawdown. 

This was based on the approach described in Froend and Loomes (2004) used for 

determination of EWR’s on the Gnangara Mound. 

Identification of EWR’s 

As the objective is to maintain a GDE at a low risk of impact (ROI) the rate and magnitude of 

water level change should not exceed the thresholds of the low ROI category as shown in the 

ROI figures in  Froend and Loomes (2004, Figures 9 a,b,c). The ROI categories are 

approximate as further validation is required. It is not possible to be more specific about the 

actual characteristics of the GDE response for the following reasons: 

 Plant response will depend on the magnitude of drawdown beyond the identified threshold of 

a category; 

 The specific site conditions (stratigraphy); 

 The habitat type and species in question; 

 Over what time period thresholds were exceeded e.g. spatial differences in rate of decline; 

and 

 Secondary factors such as disturbance (Froend and Loomes, 2004). 

The rating of susceptibility of species to future water regime changes either directly or distally 

was assessed using the matrix described in Froend et al. (2004). This matrix was based on 

the premise that the most vulnerable GDEs are those in areas of shallow groundwater that are 

already under pressure (stress, impact etc) from historic drawdown. As used in Froend et al., 

(2004) the depth to groundwater for the susceptibility categories was rated based on 

phreatophytic vegetation categories (0-3m, 3-6m, 6-10m and >10m) described in Froend & 

Zencich (2001). This risk matrix assumes water drawdown from shallow aquifers. 
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Shallow rooted species are considered more susceptible as the greater the depth to 

groundwater, the lower the requirement for groundwater and the more tolerant vegetation is to 

water table decline due to the corresponding increase in alternative water sources (Froend & 

Zencich, 2001). 

Eight GDE species have a high susceptibility to future water regime changes (Table 17) which 

corresponds with Froend et al. (2004) findings that Bibra and North Lakes are at severe risk of 

impact by drawdown when assessed against modelling of groundwater levels between 2003 

and 2013. This is also reflected by the fact that Bibra and North Lakes failed to meet minimum 

EWR’s set in Froend et al. (2004) in 2010.   

If the minimum water level drops by more than 0.25m in one year then the impact on wetland 

and terrestrial phreatophytic vegetation is high (Froend et al., 2004), particularly in the areas 

of shallow rooted GDE’s (Figure 60)  

As stated in Froend and Loomes (2004) the objective of EWR’s is to maintain a GDE at a low 

risk of impact, the rate and magnitude of water level change should not exceed the thresholds 

of the low ROI category. However to be able to measure a response to drawdown the 

minimum threshold of the moderate response level has been used. Some of these 

measureable changes are outlined in Froend and Loomes (2004) and are shown in Table 16 

below. 

In areas of medium rooted species (3-6m) the EWR proposed is a maximum groundwater 

drawdown of 1m at a rate of 0.25m/year; this is based on a moderate (small change) response 

to possible drawdown.  In areas of deep rooted species (>6m) a maximum drawdown of 1.25m 

at a rate of 0.1m/year is considered allowable. 

Table 16 Possible response to drawdown for the medium ROI category (Froend and 

Loomes, 2004 adapted from EPA, 2000) 

Key Element Moderate (small change) category and possible response to drawdown. 

Biodiversity (vegetation) 

Species 
composition 

Some evidence of establishment of exotic species as a result of disturbance 
and / or drying 

Species 
distribution 

Some evidence of changing distribution with disturbance and / or drying 
allowing establishment of exotic species 

Species mortality Some mortality of individuals 

Species richness Some evidence of decline in richness of wetland species 

Community 
Structure 

Some evidence of change in community structure 
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Table 17 Species water access requirements and project impacts on GDE species found within the project area 

Species 
Main water access in late 
summer/ autumn 

Rooting Depth 
Depth to 
groundwater (VCSRG 
2010) 

Direct Impact: 
Amount 

cleared (ha) 

Distal Impact: 
Within 

Hydrological 
Buffer (ha) 

Root depth 
to 
groundwater 
scores   

Current depth 
to 
groundwater 
scores (March 
2010, 
VCSRG)* 

Susceptibility 
Rating (Froend 
et al., 2004) 

EWR Froend et 
al. (2004) 

Criteria 
(maximum 
drawdown 

limit) 0 – 3m = 1;       
3 - 6m = 2;      
6 – 10m = 3; 
>10m = 4 

0 – 3m = 1;       
3 - 6m = 2;        
6 – 10m = 3; 
>10m = 4 

2 = High;               
3 - 6 = Moderate; 
7  = Low 

Allocasuarina humilis Groundwater >2m 11-15m 0 0 3 3 6   
1.25m at a rate 
of 0.1m/year  

Astartea scoparia 
Groundwater and/ or 
Shallow and sub-surface 
soil moisture 

>1.2m No data 1.66 2.14 1 1 2   
0.75m at a rate 
of 0.1m/year 

Banksia attenuata 
Groundwater and/ or 
Shallow and sub-surface 
soil moisture 

8m (can't access 
water >10m depth) 

11-18m 12.56 42.8 3 2 5   
1.25m at a rate 
of 0.1m/year  

Banksia ilicifolia 
(Damplands) 

Groundwater 2m No data 2.54 15.35 1 1 2   
0.75m at a rate 
of 0.1m/year 

Banksia ilicifolia (Lowerslope) 
Shallow and sub-surface 
soil moisture (2-10m) 

 8m 7 – 11m     2 3 5   
1m at a rate of 
0.1m/year  

Banksia menziesii 
Groundwater and/ or sub-
surface soil moisture 

8m (can't access 
water >10m depth) 

11m 9 31.82 3 1 4   
1.25m at a rate 
of 0.1m/year  

Baumea articulata 
Groundwater or surface 
water 

<2m 6m 0.02 5.18 1 2 

3 (? Depth to 
groundwater 
decreases risk but 
should actually 
increase it as its 
well below 
requirements) 

Mean 0.28 to -
1.22m, absolute 
0.81 to -2.59m. 

  

Baumea rubiginosa 
Groundwater or surface 
water 

<2m No data 1.82 7.43 1 1 2   
0.75m at a rate 
of 0.1m/year 

Centella asiatica 
Shallow and sub-surface 
soil moisture 

<1m No data 0 0 1 1 2   
0.75m at a rate 
of 0.1m/year 

Conostephium minus Vadose zone 2m No data 0 1.96 1 ?2 3   
0.75m at a rate 
of 0.1m/year 

Corymbia calophylla Groundwater – deep aquifer >8m 11 – 15m 10.12 27.55 3 4 7   
1.25m at a rate 
of 0.1m/year  
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Species 
Main water access in late 
summer/ autumn 

Rooting Depth 
Depth to 
groundwater (VCSRG 
2010) 

Direct Impact: 
Amount 

cleared (ha) 

Distal Impact: 
Within 

Hydrological 
Buffer (ha) 

Root depth 
to 
groundwater 
scores   

Current depth 
to 
groundwater 
scores (March 
2010, 
VCSRG)* 

Susceptibility 
Rating (Froend 
et al., 2004) 

EWR Froend et 
al. (2004) 

Criteria 
(maximum 
drawdown 

limit) 0 – 3m = 1;       
3 - 6m = 2;      
6 – 10m = 3; 
>10m = 4 

0 – 3m = 1;       
3 - 6m = 2;        
6 – 10m = 3; 
>10m = 4 

2 = High;               
3 - 6 = Moderate; 
7  = Low 

Eucalyptus gomphocephala Groundwater – deep aquifer 

>5m, major root 
ball in top 2.5m 
with fine roots 
down to capillary 
zone. Root depth 
depends on 
groundwater 
depth. 

No data 0.02 0.205 3 ?2 5   
1.25m at a rate 
of 0.1m/year  

Eucalyptus rudis Groundwater dependent 

>6m (depending 
on depth to 
groundwater at 
location). 

3 – 9m 7.86 25.69 3 2 5   
1.25m at a rate 
of 0.1m/year  

Eucalyptus todtiana Groundwater dependent >6m * No data 0.64 0.602 3 ?2 5   
1.25m at a rate 
of 0.1m/year  

Kunzea glabrescens Groundwater dependent <5m 5 – 7m 2.76 13.51 2 2 4   
1m at a rate of 
0.1m/year  

Lepidosperma longitudinale 
Wetland species – 
groundwater or surface 

<2m No data 0 2.969 1 2 3   
0.75m at a rate 
of 0.1m/year 

Leucopogon conostephioides Vadose zone 2m 11m 0 2.44 1 4 5   
0.75m at a rate 
of 0.1m/year 

Meeboldina scariosa 
Wetland species – 
groundwater or surface 

<1m No data 1.66 1.64 1 ?1 2   
0.75m at a rate 
of 0.1m/year 

Melaleuca lateritia Groundwater dependent <1m No data 0.02 1.52 1 1 2   
0.75m at a rate 
of 0.1m/year 

Melaleuca preissiana Groundwater dependent 5m 5 – 6m 5.5 21.86 2 2 4 
mean -0.54 to -
2.62m; absolute 
1.03 to - 5.04 

  

Melaleuca rhaphiophylla Groundwater dependent 5m 6m 3.48 18.54 2 2 4 
 mean 0.006 to -
2.14m, absolute 
1.03 to - 4.49m 

  

Melaleuca teretifolia Groundwater dependent 0.6m No data 0 1.617 1 ?1 2   
1m at a rate of 
0.1m/year  
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Species 
Main water access in late 
summer/ autumn 

Rooting Depth 
Depth to 
groundwater (VCSRG 
2010) 

Direct Impact: 
Amount 

cleared (ha) 

Distal Impact: 
Within 

Hydrological 
Buffer (ha) 

Root depth 
to 
groundwater 
scores   

Current depth 
to 
groundwater 
scores (March 
2010, 
VCSRG)* 

Susceptibility 
Rating (Froend 
et al., 2004) 

EWR Froend et 
al. (2004) 

Criteria 
(maximum 
drawdown 

limit) 0 – 3m = 1;       
3 - 6m = 2;      
6 – 10m = 3; 
>10m = 4 

0 – 3m = 1;       
3 - 6m = 2;        
6 – 10m = 3; 
>10m = 4 

2 = High;               
3 - 6 = Moderate; 
7  = Low 

Schoenoplectus validus 
Wetland species – 
groundwater or surface 

0.3m No data 0 0 1 1 2   
0.75m at a rate 
of 0.1m/year 

Scholtzia involucrata Sub-surface soil moisture 1 - 2m 7m 1.74 5.13 1 3 4   
0.75m at a rate 
of 0.1m/year 

Stirlingia latifolia Vadose zone <2m 15m 0.64 8.57 1 4 4   
0.75m at a rate 
of 0.1m/year 

Taxandria linearifolia Groundwater dependent <2m 8m 2 11.48 1 3 4   
0.75m at a rate 
of 0.1m/year 

Typha orientalis 
Wetland species – 
groundwater or surface 

<1m 6m 0.02 6.35 1 2 3   
0.75m at a rate 
of 0.1m/year 

* The greater the depth to groundwater, the lower the requirement for groundwater and the more tolerant vegetation is to water table decline due to the corresponding increase in alternative water sources (Froend & Zencich, 2001). The 

primary alternative source is the larger volume of unsaturated zone (with increasing depth) exploitable by the plant’s root system. Quantitative information suggests reduced importance of groundwater to terrestrial vegetation existing at 

depths to groundwater of >10 m (Eamus et al., in press). 
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Figure 60 Shallow rooted GDE species (0-3m)  
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Figure 61 Medium rooted GDE species (3-6m)  
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Figure 62 Deep rooted GDE species (>6m)  



 

syrinx environmental pl                       January 2011                                           171 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

20.4.2 Redistribution & Simplification of GDE Communities 

The degree to which groundwater is utilised by Banksia ilicifolia, B. attenuata and B. menziesii 

is dependent on the proximity of groundwater, availability of moisture in shallower horizons of 

the soil profile, root system distribution and maximum root depth (Zencich, 2002). Over 20 

year a 2m drawdown of the groundwater resulted in the loss of Banksia ilicifolia (Groom et al, 

2001).  

B. attenuata and B. ilicifolia increase use of groundwater and deeper soil water sources during 

summer and early autumn, when water from rainfall and shallow soil storage became less 

abundant. A decrease of the minimum groundwater level would impact a system already 

stressed as EWR’s for North Lake and South Lake were not met in 2010. 

The main impacts are likely to be: 

 Simplification of the Banksia Woodlands through loss of Banksia ilicifolia, and possibly other 

shrub species, if groundwater declines within the 200m hydrological buffer. 

 Decrease in the distribution of Kunzea glabrescens if groundwater declines further then 

current levels 

20.5 OTHER INDIRECT IMPACTS 

20.5.1 Weed Incursion  

Introduced weeds along the margins of the road corridor encroach for approximately 80m into 

the natural environment and their effect ranges from severe (80%) to manageable (30%) 

(Syrinx/VCSRG Part 1 Desktop Report, 2011). The proposed South Metro extension of Roe 

Highway will amplify these effects.  In terms of effects of weeds and the requirement for 

buffers on either side of the road, there can be expected to be a minimum of 80m of weed 

invasion on either side of the road based on the Hope Road effects, and more realistically 

perhaps 75-100m of weed invasion with the large proposed road.  

The width of remaining Banksia woodland in very good condition with low weed cover is 

between 85 and 110m and is 3.13ha.  The cumulative impacts of both Hope Road and the Roe 

Highway Extension project would result in increased weed cover throughout the entire area. 

The weeds present are Ehrharta spp. known to be very aggressive species that replace non- 

resilient shrub and herb species currently present in the areas of <1% weed cover such as 

Austrostipa spp and Orchidaceae spp. 
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Weeds of national significance (Arum Lily - Zantedeschia aethiopica) were noted west of Roe 

Swamp in GDE sub community 21 and 17. These are areas proposed for cut and fill so there 

is a risk of this species being spread through the site from cut and fill from north of roe swamp. 

In a case study of the ecosystem resilience since the construction of Hope Road (see Case 

Study below) Banksia attenuata seedlings were more common in area of high weed cover 

(>30%), while Banksia menziesii seedlings were more common in areas of low weed cover 

(<10%). This suggests an increase in weed distribution could mean a change in composition 

from a mixed woodland to a Banksia attenuata woodland. 

The main impacts are likely to be: 

 A decline in condition of the remaining 3.13ha of Banksia woodland currently in very good 

condition with low weed cover, due to weed incursion; 

 Spread of Arum Lily through cut and fill west of Roe Swamp; and 

 If weed incursion increases, the restoration potential of Banksia menziesii will decrease. 
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Hope Road Case Study 

Hope Road is an access road between Bibra Lake Drive and Progress Drive and is between 

0m and 305m south of the proposed construction boundary. Interpretation of aerial 

photography taken in 1948 (AECOM, 2010) suggests the Hope Rd fragmented an area of 

intact Banksia woodland that was of similar structure north and south of Hope Rd at the time. 

The remaining area of Banksia Woodland north of Hope Road will be further fragmented by 

the construction of the Roe Highway Extension Project.   The road was constructed more than 

50 years ago so provides the potential to predict minimum long term impacts of the 

construction of the Roe Highway Extension and restoration potential.  Figure 63 shows the 

results of the study. 

The purpose of the study was to assess current ecosystem responses to the presence of Hope 

Road and use this to infer the most likely minimum disturbance responses that will result from 

the construction of the Roe Highway Extension. 

The main outcomes of the Study were:  

- The construction of Hope Rd has resulted in changed species dominance with the main 

difference being a higher diversity north of Hope Rd.  

- Banksia attenuata seedlings were more common in area of high weed cover, while Banksia 

menziesii seedlings were more common in areas of low weed cover (<10%).  

- Weed incursion distance increase with size of disturbance, with a 20m wide Hope Road 

resulting in an 80m of weed incursion in Banksia woodlands. A smaller track of <10m resulted 

in 35m weed incursion. 

The Hope Road Study suggests a 40m wide corridor proposed for the Roe Highway 

Extension Project would result in all of the Banksia Woodland North of Hope Road being 

impacted by at least 30% weed cover. The increase in weed cover may give the Banksia 

attenuata more preferable conditions for recruitment compared to Banksia menziesii 

and a change in composition to a Banksia attenuata dominated system may occur over 

time.  
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Figure 63 Weed Incursion Study of Hope Road 
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20.5.2 Shadowing 

Shadowing from the bridge and also the embankments will impact on the structure of 

vegetation due to the changes in soil temperature and amount of available sunlight (Table 18). 

Areas south of Roe Highway in particular will receive less winter sun resulting in reduced soil 

temperatures.  

Over 70% of Banksia woodland species require several dormancy breaking treatments for 

seed germination and survival including soil temperatures between 16 and 22 degrees C 

between April and May (warm stratification), to coincide with rainfall so soil moisture 

requirements of >4% are met  (Merritt et al., 2006). Most species also require dry after 

ripening of seeds which requires soil moisture contents to drop to < 1% after Spring (Merritt et 

al., 2006). Therefore vegetation recruitment capacity within shadow areas, particularly south of 

the Roe Highway Extension will be impacted due to lower soil temperatures and increased soil 

moisture for longer periods of time - Table 18 

Table 18 GDE indicator species present within bridge footprint & their method of 

reproduction 

Shrub species present 

within bridge footprint 

Seed dormancy release/ 

germination syndromes (Merritt 

et al. 2006)   

Bridge impact 

on regeneration 

potential 

Astartea scoparia 

  
Non- dormant, but require incubation 
under appropriate germination 
conditions including moisture 
 

 yes 

Baumea juncea  Stratification requirements  yes 

Baumea rubiginosa  Stratification requirements  yes 

Hypocalymma angustifolium 

 
Non- dormant, but require incubation 
under appropriate germination 
conditions including moisture 
 

 yes 

Kunzea glabrescens 
 Non-dormant, but require incubation 
under appropriate germination 
conditions including moisture 

 yes 

Meeboldina scariosa  Stratification requirements  yes 

Taxandria linearifolia 

 
Non-dormant, but require incubation 
under appropriate germination 
conditions including moisture 
 

 yes 
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The main impact of shadowing will be: 

 Decreased regeneration potential underneath the bridge structure leading to an eventual 

decline in condition 

20.5.3 Dust 

As construction is proposed for drier months to prevent the spread of dieback, dust will be 

present during construction and require management. Dewatering for dust suppression could 

have a distal impact from any bore abstraction within the study area. Any abstraction of water 

within the 200m hydrological buffer would impact on shallow rooted GDE species (discussed 

in Section 20.1).  

The main impacts will be: 

 If dewatering for dust suppression is required Banksia ilicifolia and shallow rooted species 

within the 200m hydrological buffer will be impacted, particularly if it occurs during late 

summer – autumn.  

21.0 MANAGEMENT MEASURES & MITIGATION 

It is impossible to offer mitigation strategies for areas where impacts are unknown due 

to information gaps. Areas that are cleared or heavily modified severely compromise 

the ability to extrapolate due to the complex nature of the site. Prior to any 

construction works data gaps resulting from access issues due to Aboriginal Heritage 

sites need to be filled.  It is possible that some of the impacts may be able to be 

avoided during the detailed design phase. Table 19 below outlines the possible 

mitigation strategies for impacts. 
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Table 19 Management and Mitigation Measures 

Impact Impact Management 
Hydrological Function   

Loss of 7.39 ha of CCW wetlands 
Could only be avoided by moving the road.  With the current MRS area and 
alignment, would require offsetting. 

Disturbance of stratigraphical profile 
Replacement of sediments post-disturbance to be matched to pre-
disturbance materials, particularly in relation to hydraulic properties and 
maintaining permeability. 

Fracturing or penetration of shallow aquitard features, such 
as calcrete, ferricrete or clay layers which can result in the 
severing of local water flow patterns 

Waiting on full set of data.  Not possible to assess.  Bridges could be 
extended and strategic placement of culverts during detailed design.  
Maintain permeability within stratigraphical profile. 

Groundwater decline of more the 0.25m within the 200m 
hydrological buffer  will impact Banksia ilicifolia and Baumea 
articulata populations 

Waiting on full set of data.  Not possible to assess.  Bridges could be 
extended and strategic placement of culverts during detailed design.  
Maintain permeability within stratigraphical profile. 

A risk of impacting deep rooted species such as Banksia 
attenuata when their role in redistribution of water throughout 
the soil profile for medium and shallow rooted species, such 
as Stirlingia latifolia, is currently unknown 

Further research and monitoring. 

GDE Communities   
The most significant population of Baumea rubiginosa will be 
partially cleared and completely covered by the proposed 
bridge 

Extend bridge adjacent to Roe Swamp and ensure placement of pylons to 
exclude impacts in detailed design.  Effects of shading to be taken into 
consideration.  The use of solar deflectors may overcome this. 

68% of GDE 23 and 32% of GDE 24 will be cleared, 
representing 32% of the broader community type  

Hinder loss with revegetation in existing degraded areas 

25% of the only patch of Eucalyptus todtiana (GDE 18) on 
site will be cleared 

Hinder loss with revegetation in existing degraded areas 

Loss of deep rooted phreatophytes such as Corymbia 
calophylla  

Waiting on full set of data.  Not possible to assess.  Maintain permeability 
within stratigraphical profile. 

13.6% of the Kunzea glabrescens in excellent condition will 
be cleared 

Hinder loss with revegetation in existing degraded areas 

Fragmentation of the only remaining areas of Banksia 
Woodland in very good condition in the Beeliar wetland chain 

This Banksia Woodland is regionally significant and being the largest and 
best condition example of this Vegetation Group within the Beeliar wetland 
Chain.  Difficult to consider design options to avoid or mitigate.  A bridge 
would create too much shading effects.  Recommend offset although being 
a unique community will be difficult to find offset and will be like for unlike. 

Decreased regeneration potential underneath bridge 
structures leading to an eventual decline in vegetation 
condition 

The use of solar deflectors during detailed design phase 

Weed Incursion into Banksia Woodland resulting in decline 
of condition 

Weed management program 

Simplification of the Banksia Woodlands over time during 
through loss of shallow rooted species such as Stirlingia 
latifolia and Scholtzia involucrata  

Ensuring these species are used in revegetation of Banksia Woodlands 
outside the hydrological buffer’ 

Road Construction  

Disturbance of Acid Sulphate Soils during construction 
 

Can be managed by 1. Completing detailed site investigations to confirm 
depth and extent of ASSM; 2. putting in place management procedures to 
avoid oxidation of material during construction works and manage drainage. 

Management of unpredictable and unanticipated 
consequences of excavating in an area where the sediments 
are undescribed (Horse Paddock Swamp) and potentially 
contain buried wetland muds and muddy sands. 

As above and including drilling program to define stratigraphic and 
hydrological condition of this area, once Aboriginal clearance are obtained. 

Location of limestone platform to stockpile acid sulphate 
soils. 

Could be managed by avoiding locating the pad outside of wetland 
boundary and/or ensuring it is within the road footprint. 

Location of lime sand stockpiles for blending. Could be managed by avoiding locating the stockpiles outside of wetland 
boundary and/or ensuring piles are fully contained and bunded within the 
road footprint. 

Removal and storage of the excavated material that might 
have to be removed to place in the road base. 
 

   Stockpiling of the retained topsoil. 

Detailed design will need to ensure design of road base below water table 
sections matched pre-disturbance permeability to minimise drawdown 
effects. 

Size and location of the working space during construction. Compensate for loss of vegetation; rehabilitate secondarily disturbed areas, 
including possible sallow tilling of compacted materials, pending monitoring 
outcomes and final effects. 

Bridge over Roe Swamp surrounds. Could reduce shadow effects in critical areas using solar deflectors or 
similar to enhance light penetration.  Offsets required for locally impacted 
vegetation. 

Height of the road above the natural surface for the different 
segments of the road. 

Review options in detailed design to minimise load impacts, perhaps 
considering use of novel geotechnical support structures. However, it may 
be that these impacts will be avoidable. 

Drain discharge Ensure the detailed design of infiltration basin and hydrocarbon pre-
treatment etc will maintain maximum inundation depth to <0.4m 

Dust generated by road construction 
Ensure a strict dust management plan developed that uses local water 
source and avoids dust generation. 
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22.0 CONCLUDING COMMENTS 

The impacts associated with the construction of Roe Highway Extension on the stratigraphy, 

hydrology, geochemistry and groundwater dependent ecosystems within the Bibra Lakes 

System are significant and complex. 

The construction footprint extends through existing legislative boundaries including Aboriginal 

Heritage Sites, Conservation Category Wetlands, Bush Forever Site and Significant GDE’s 

and therefore is in conflict with the State policies for protection of wetlands, and protection of 

priority flora.  

Both wetlands and groundwater-dependent ecosystems are a priority for protection at national 

level, state level and directly within the context of the globally unique Swan Coastal Plain. 

Specific expectations of the EPA are that there will be no irreversible changes to wetland 

values and functions over time resulting from this project. 

The construction of Roe Highway Extension has the potential to impact approximately 102 ha 

of GDE communities which represents 33% of GDE communities across the study site. Further 

to this, a change in the hydrological regime may indirectly impact on GDE indicator species 

beyond the MRS boundary.  

In terms of hydrological impacts, the proposed extension of Roe Highway is located in the 

direct path of groundwater flow between Roe Swamp and North Lake.  This will result in 

decreasing annual and seasonal flows to North Lake.   

Bibra Lakes is one of the wetlands comprising the Bibra Lake system; the system in this chain 

is the most complicated part of the wetland chain, composed of a complex of basins, former 

buried basins and stranded basins, a merging of extant and ancient basins, and low-relief 

channels inflowing from the Bassendean Dunes.  

The Bibra wetland system has been shown in these studies to have significant local and 

intrabasinal features (stratigraphy, hydrology and geochemical) that is manifested by variable 

hydrological flow paths (contrary to simple regional flow direction of east - west across site), 

perched water tables and GDE communities This variability, which on the one hand underpins 

the values and functions of a wetland system, on the other hand it creates difficulties in being 

able to predict impacts likely to be encountered by the Roe Highway Extension. 

Wetland Impacts 

Drilling investigations demonstrated a number of key stratigraphic and hydrologic factors that 

influence the type and extent of impacts expected due to the Roe Extension project along the 

current alignment. The key factors are as follows: 
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 There is a wetland north of Roe Swamp which is predominantly a dampland with some 

depressions which are seasonally inundated to a shallow depth of <20 cm.  The prevailing 

conditions are seasonality and waterlogging. This wetland will have sediments impacted by 

cut, filling, or via pylons cemented into them. 

 Water tables in this wetland are close to the surface (<2.5 m) at some sites within the 

alignment sites year round, and will be vulnerable to impedance due to buried structures. 

 There is considerable groundwater throughflow towards the wetland and away from it.  This 

throughflow has not been quantified, but its extent and flow interval are identifiable through 

its diagenetic effects on the sediments. 

 The hill to the west of this wetland acts as both a recharge and discharge site depending on 

water table conditions, moderating water flows into and from the wetland. 

 There is groundwater flow between Roe Swamp and North Lake, which will be intersected by 

the proposed extension of Roe Highway.  This is likely to result in decreasing annual and 

seasonal flows to North Lake.  It is also directly placed to intersect and disrupt the local 

groundwater flows at some sites.   

Potential wetland impacts are summarised as: 

 Potential to change the type of wetland from either dampland to sumpland or from dampland 

to dryland, depending on how water on and under the bridge is managed; 

 Fragmentation of wetland hydrologically and ecologically;  

 Severance of ecological and hydrological connection between Roe Swamp and the northern 

wetland (dampland); 

 Severance of ecological and hydrological connection between wetland habitat and 

surrounding upland;  

 Some disruption of throughflow from Roe Swamp to North Lake; and 

 Further loss of wetland habitat. 

GDE Impacts 

Significant outcomes of the site investigation phase of the project include a clear link between 

the boundaries of GDE communities (and underlying stratigraphic and hydrological profiles). 

These have been verified, however these specific correlations have not been validated 

through the full extent of the MRS boundary due to lack of drilling access within areas listed as 

having Aboriginal Heritage values. Nonetheless GDE boundaries provide a reasonable 
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surrogate to the underlying stratigraphic/ hydrological (as a result of wetland function) 

enabling calculations of the likely extent of impacts for most areas. Therefore vegetation 

boundaries were individually assessed to calculate the combined individual extent of impact.    

Preliminary assessment indicates a total of 11.71ha of GDE sub communities will be directly 

impacted due to the Roe Extension project, which represents 3.3% of all GDE sub 

communities within the study area. The clearing directly impacts 23 GDE sub communities 

representing 33% of GDE sub communities present in the study area. 

Whilst direct impacts are relatively minor, a total of 90.65ha may be indirectly impacted due to 

undetermined hydrological changes.  46 GDE sub communities may be impacted representing 

66% of GDE sub communities present in the study area. 

The total area of direct and indirect impacts on GDE sub – communities and wetland values 

and function is 102.36ha. Note, this excludes distal impacts on hydrological flows due to the 

currently unquantifiable links between certain stratigraphical features. 

Significant impacts include: 

 Development within the wetland buffer; 

 Loss of 7.39 ha of Conservation Category Wetlands (CCW) wetlands; 

 The most significant population of Baumea rubiginosa (Soft Twig Sedge) within the study 

area will be partially cleared and completely covered by the proposed bridge; 

 Fragmentation of the only remaining areas of regionally significant Banksia Woodland in very 

good condition in the Beeliar wetland chain; 

 Weed Incursion into Banksia Woodland resulting in decline of condition; 

 Fracturing or penetration of shallow aquatard features, such as calcrete, ferricrete or clay 

layers which can result in the severing of local water flow patterns; and 

 Loss of deep rooted phreatophytes such as Corymbia calophylla. 

Possible impacts may also occur beyond the buffers of the construction footprint.  Studies into 

the ecological water requirements of GDE indicator species are limited and as such 

determining likely impacts due to decline in the water table is restricted.  Shallow rooted 

species have been identified as more susceptible to a change in the groundwater levels. 

During this study eight GDE species were identified as having a high susceptibility to future 

water regime changes (e.g. Banksia ilicifolia). 



 

syrinx environmental pl                       January 2011                                           181 

SOUTH METRO CONNECT  
WETLAND & GDE STUDY  

Existing EWR’s for selected species in Bibra and North Lake are already below the preferred 

EWR according to data collected for this site investigation.  As the minimum EWRs set for 

Bibra and North Lakes were not met in 2010 there is an existing high risk of impact to these 

species due to decreasing water levels.  

Whilst the clear link between boundaries of GDE communities and the underlying stratigraphic 

and hydrological profiles allows for useful assessment of areas (via extrapolation) in which 

drilling information is not available, unfortunately the key information gaps in this study have 

been cleared of vegetation or modified such that these links are not possible to establish.  

Therefore, further investigations in those areas inaccessible due to current Aboriginal heritage 

constraints will be required if this project proceeds further.  
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Appendix 1 Transect Locations 
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 Appendix 2 Indicator species and literature used for GDE status confirmation 

  



 

Species Type 
From literature* see next 
page for associated 
spread sheet 

Field 
observation 
and 
unpublished 
data 

Allocasuarina humilis Groundwater dependent 4   

Astartea scoparia Subsurface - perched 1, 2,  4, 6, 19   

Banksia attenuata Groundwater dependent 
1, 4, 5, 6, 8, 9, 10, 11, 13, 
14, 15, 19, 20 

  

Banksia ilicifolia Groundwater dependent 
1, 4, 5, 8, 9, 10, 11, 14 , 15, 
19 

  

Banksia littoralis Groundwater dependent 1, 4, 8, 11, 12   

Banksia menziesii Groundwater dependent 1, 5, 6, 9, 11, 15, 20   

Baumea articulata 
Wetland species - GW or 
surface 

    

Baumea juncea 
Wetland species - GW or 
surface 

    

Baumea vaginalis 
Wetland species - GW or 
surface 

    

Baumea rubiginosa 
Wetland species - GW or 
surface 

    

Centella asiatica  
Wetland species - GW or 
surface 

    

Conostephium 
pendulum Vadose zone 

4, 20   

Corymbia calophylla 
GW dependent  - deep 
aquifer 

16   

Eucalyptus 
gomphocephala Groundwater dependent 

18   

Eucalyptus rudis Groundwater dependent 1   

Eucalyptus todtiana Groundwater dependent 17   
Hypocalymma 
angustifolium Vadose zone 

4, 6, 12   

Kunzea glabrescens Groundwater dependent 6   
Lepidosperma 
longitudinale 

Wetland species - GW or 
surface 

    

Leucopogon 
conostephioides Groundwater dependent 4, 6 

  

Meeboldina scariosa 
Wetland species - GW or 
surface 

    

Melaleuca lateritia Groundwater dependent   * 

Melaleuca preissiana Groundwater dependent 9, 15   
Melaleuca 
rhaphiophylla Groundwater dependent 

1   

Melaleuca teretifolia Groundwater dependent   * 
Schoenoplectus 
validus 

Wetland species - GW or 
surface 

    

Scholtzia involucrata Vadose zone 4, 14, 20   

Stirlingia latifolia Vadose zone 1, 2,  4, 7, 14, 19, 20   

Taxandria linearifolia Groundwater dependent   * 

Typha orientalis 
Wetland species - GW or 
surface 

    



 

No. Author Year Title for References 

1 Syrinx Environmental PL 2000

Syrinx Environmental PL (2000) Preliminary Assessment of Phreatophytic Vegetation in the Moore river Region 
in: Moora Groundwater Study 

2 
Groom P.K., Froend H.R., 
Mattiske E.M., and Koch, B.  

2001

Groom P.K., Froend H.R., Mattiske E.M., and Koch, B. (2001) Myrtaceous shrub species respond to long term 
decreasing groundwater levels on the Gnangara Groundwater Mound, Northern Swan Coastal Plain. Journal of 
Royal Society of Western Australia, 83:75-82, 2000 

3 
Groom P.K., Froend H.R., 
Mattiske E.M., and Koch, B.  

1999

Groom P.K., Froend H.R., Mattiske E.M., and Koch, B.   (1999)  Application of the mimic concept to the species 
rich Banksia woodlands of Western Australia. Agroforestry Systems. 45 (1-3) 303-341 

4 
Dodd J., Heddle, E.M., 
Pate J.S and Dixon K.W. 

1984

Dodd J., Heddle, E.M., Pate J.S and Dixon K.W. (1984)  Rooting Patterns of Sandplain Plants. In :Kwongan, 
Plant life of the Sandplain. UWA Press 

5 Dodd and Bell 1993

Dodd and Bell (1993) Water relations of the canopy species in a Banksia Woodland, Swan Coastal Plain, 
Western Australia. Austral Ecology 18(3): 281-293 

6 Froend, R and Sommer, B. 2010

Froend, R and Sommer, B. (2010) Phreatophytic response to climatic and abstrqaction induced groundwater 
drawdown: Examples of long-term spatial and temporal variability in community response (Ecol. Eng, 
doi:100.1016/j.ecoleng.2009.11.029) 

7 Dodd and Bell 1993

Dodd and Bell (1993) Water relations of understorey shrubs in a Banksia Woodland, Swan Coastal Plain, 
Western Australia. Austral Ecology 18(3): 295-305 

8 
Groom P.K., Froend H.R. 
and Mattiske E.M. 

2000

Groom P.K., Froend H.R. and Mattiske E.M. (2000) Impact of groundwater abstraction on a Banksia woodland, 
Swan Coastal Plain, Western Australia. Ecological Management and Restoration. 1 (2) Research Report. 

9 Froend, R and Drake P.L.  2006

Froend, R and Drake P.L. (2006) Defining phreatophyte repsonse to reduced water availability: preliminary 
investigatiopns on the use of xylem cavitation vulnerability in Banksia woodland species. Austrtalian Journal of 
Botany. 54: 173-179 

10 
Zencich S.J., Froend, R.H 
and Turner, J.V  

2002

Zencich S.J., Froend, R.H and Turner, J.V (2002) Influence of groundwater depth on the seasonal sources of 
water accessed by Banksia trees on a shallow, sandy coastal aquifer. Oecologia 131:8-19 

11 
Canham C.A, Froend, R.H 
and Stock W.D. 

2009

Canham C.A, Froend, R.H and Stock W.D. (2009) Water stress vulnerability of four Banksia species in 
contrasting ecohydrological habitats on the Gnangara Mound, Western Australia. Plant, Cell and Environment. 
32: 64-72 

12 Froend and Loomes 2005

Froend and Loomes (2005) South west Yarradagdee - Assessment of Vegetation Susceptibility and Possible 
repsonse to Drawdown. Report for the Water Corporation 

13 
Rokich D., Meney K.A., 
Dixon K.W., and 
Sivasithamparam K. 

2001

Rokich D., Meney K.A., Dixon K.W., and Sivasithamparam K. (2001) The impact of soil disturbance on root 
development in woodland communities in Western Australia. Aust. J. Botany 49 (2) 169 - 183  

14 Dodd J and Heddle E.M 1989

Dodd J and Heddle E.M (1989) Water relations of Banksia woodlands. Journal of the Royal Scoiety of WA. 71 
(4) 91-92 

15 
Groom PK, Froend R, 
Mattiske EM, Gurner R 

2001

Groom PK, Froend R, Mattiske EM and Gurner R (2001) Long-term  changes in vigour and distribution of 
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GDE Community Number 1 2 3 4 5 6 7 8 9

Broader Community

Kunzea glabrescens 
closed tall scrub

Banksia Woodland Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Banksia Woodland Banksia Woodland Scattered Scattered Scattered Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

GDE Sub Communities

Kunzea glabrescens 
closed tall scrub 
SubComm 1

Mixed Banksia woodland  
SubComm 1

Eucalyptus rudis closed 
forest over Melaleuca 
preissiana/Banksia 
littoralis low open 
woodland SubComm 5

Banksia ilicifolia  open 
woodland  SubComm 4

Banksia attenuata/ 
Banksia menziesii 
woodland SubComm 7

Scattered Banksia littoralis Scattered Corymbia 
calophylla and Eucalyptus 
todtiana SubComm 4

Scattered Eucalyptus 
rudis 

Eucalyptus rudis  tall open 
woodland over Melaleuca 
rhaphiophylla  open 
woodland SubComm 1

Indicator Species

Allocasuarina humilis xx

Astartea scoparia

Banksia attenuata xx xx

Banksia grandis

Banksia ilicifolia xx xx xx

Banksia littoralis xx xx

Banksia menziesii xx xx

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus x

Conostephium pendulum xx

Corymbia calophylla xx

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis xx xx xx

Eucalyptus todtiana xx

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens xx xx

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat x

Lepidosperma squamatum  sens. lat. x

Lepidosperma striatum

Leucopogon conostephioides xx

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana xx

Melaleuca rhaphiophylla xx

Melaleuca teretifolia xx
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

10 11 12 13 14 15 16 17 18

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Melaleuca teretifolia 
closed tall scrub

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Melaleuca preissiana 
closed forest

Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Corymbia calophylla  tall 
woodland 

Banksia Woodland Scattered

Eucalyptus rudis  tall 
woodland over Melaleuca 
rhaphiophylla /Melaleuca 
preissiana  / Banksia 
littoralis  closed woodland 
SubComm 4

Melaleuca teretifolia 
closed tall scrub

Eucalyptus rudis  and 
Melaleuca rhaphiophylla 
open forest SubComm 5

Melaleuca preissiana 
closed forest SubComm 1

Melaleuca rhaphiophylla 
closed forest SubComm 2

Eucalyptus rudis tall open 
woodland over mixed 
Banksia woodland 
SubComm 2

Corymbia calophylla tall 
open woodland SubComm 
1

Banksia attenuata/Banksia 
menziesii   open forest 
SubComm 8

Scattered Eucalyptus 
todtiana

xx

xx xx

xx

xx

xx xx

x

xx

xx

xx xx xx

xx

xx

xx

xx xx

xx xx xx

xx

x

xx



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

19 20 21 22 23 24 25 26 27

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
closed forest 

Banksia Woodland Banksia Woodland Eucalyptus rudis  tall 
closed forest and 
Melaleuca preissiana 
closed forest

Eucalyptus rudis  tall 
closed forest and 
Melaleuca preissiana 
closed forest

Baumea juncea closed 
sedgeland 

Scattered Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Melaleuca rhaphiophylla 
and Eucalyptus rudis 
woodland SubComm 6

Eucalyptus rudis 
/Melaleuca preissiana / 
Melaluca rhaphiophylla 
open woodland SubComm 
4

Banksia attenuata / 
Banksia menziesii 
woodland SubComm 9

Mixed Banksia woodland 
SubComm 2

Eucalyptus rudis  tall open 
woodland over Melaleuca 
preissiana open woodland 
SubComm 2

Eucalyptus rudis  tall open 
woodland over Melaleuca 
preissiana woodland 
SubComm 3

Baumea juncea  closed 
sedgeland 

Scattered Banksia 
menziesii 

Eucalyptus rudis  tall 
woodland over Banksia 
menziesii and Banksia 
attenuata  woodland 
SubComm 3

xx

xx xx xx

xx xx

xx xx xx xx

xx xx

xx

x

xx xx xx xx xx

xx

xx xx

xx

xx xx xx

xx xx xx

xx

xx



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

28 29 30 31 32 33 34 35 36

Banksia Woodland Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
closed forest 

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
closed forest and 
Melaleuca preissiana 
closed forest

Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
closed forest 

Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Corymbia calophylla  tall 
woodland 

Mixed Banksia woodland 
SubComm 3

Eucalyptus rudis  tall 
closed forest over 
Melaleuca rhaphiophylla 
and Melaleuca preissiana 
open forest SubComm 1

Eucalyptus rudis  tall 
closed forest over 
Melaleuca rhaphiophylla 
closed forest  SubComm 2

Eucalyptus rudis  tall open 
forest over Melaleuca 
rhaphiophylla closed forest 
SubComm 3

Eucalyptus rudis  tall open 
forest over Melaleuca 
preissiana  closed forest 
SubComm 4

Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana and 
Melaleuca rhaphiophylla 
closed forest SubComm 2

Melaleuca rhaphiophylla 
closed forest SubComm 1

Eucalyptus rudis  tall 
woodland over Banksia 
ilicifolia  and Melaleuca 
preissiana open woodland 
SubComm 1

Corymbia calophylla tall 
woodland over Banksia 
littoralis  open woodland 
SubComm 2

xx xx

xx

xx xx xx

xx

xx

xx xx xx

xx xx

xx xx xx xx

x

x

xx

xx xx xx xx xx xx

x

xx xx

xx xx

xx xx

xx xx xx xx

xx xx xx xx xx

xx xx

xx

xx

xx xx

xx



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

37 38 39 40 41 42 43 44 45

Corymbia calophylla  tall 
open woodland over 
Banksia menziesii and 
Banksia attenuata 
woodland

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Kunzea glabrescens 
closed tall scrub

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Corymbia calophylla  tall 
open woodland over 
Banksia menziesii and 
Banksia attenuata 
woodland

Corymbia calophylla  tall 
woodland 

Typha orientalis closed 
sedgeland 

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Corymbia calophylla  tall 
woodland over Banksia 
menziesii  and Banksia 
attenuata woodland 
SubComm 1

Eucalyptus rudis  tall open 
woodland over Melaleuca 
preissiana  and Banksia 
littoralis open woodland 
SubComm 6

Kunzea glabrescens 
closed tall scrub 
SubComm 2

Eucalyptus rudis  tall 
closed forest over 
Melaleuca rhaphiophylla 
closed forest  SubComm 4

Corymbia calophylla  tall 
open woodland over 
Banksia menziesii  and 
Banksia attenuata 
woodland SubComm 2

Corymbia calophylla tall 
open woodland over 
Banksia attenuata 
woodland SubComm 3

Typha orientalis  closed 
sedgeland SubComm 2

Eucalyptus rudis  tall 
closed forest over 
Melaleuca rhaphiophylla 
closed forest  SubComm 7

Eucalyptus rudis  tall open 
forest over Melaleuca 
preissiana  and Melaleuca 
rhaphiophylla closed forest 
SubComm 8

xx xx xx

xx

xx xx

xx

x

xx

xx xx xx

x x

xx xx xx xx

x

xx xx

x

x

xx xx

xx xx xx

xx

xx

xx xx

x x

x

xx



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

46 47 48 49 50 51 52 53 54

Eucalyptus rudis  tall forest Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
woodland 

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Melaleuca preissiana 
Bnksia littoralis closed 
forest 

Melaleuca preissiana  and 
Melaleuca rhaphiophylla woodland 
SubComm 2

Banksia Woodland Corymbia calophylla  tall 
woodland 

Astartea scoparia  closed 
tall scrub

Eucalyptus rudis  tall open 
forest SubComm 1

Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
woodland SubComm 1

Eucalyptus rudis  / 
Melaleuca preissiana  / 
Banksia littoralis  open 
forest  Sub Comm 2

Eucalyptus rudis / 
Melaleuca preissiana / 
Banksia littoralis open 
forest  Sub Comm 1

Melaleuca preissiana 
Bnksia littoralis closed 
forest 

Melaleuca preissiana  and 
Melaleuca rhaphiophylla woodland 

Mixed Banksia woodland 
SubComm 5

Corymbia calophylla open 
woodland SubComm 4

Astartea scoparia  closed 
tall scrub

xx

xx

xx

xx

xx xx xx

xx

xx xx xx xx

xx

x

x x

xx

xx

x

x

xx

xx xx xx xx

xx xx xx xx xx

x

xx xx

xx xx xx xx xx

xx xx

xx

xx xx xx xx xx



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

55 56 57 58 59 60 61 62 63

Corymbia calophylla  and 
Eucalyptus rudis  closed 
forest

Corymbia calophylla  tall 
woodland 

Baumea rubiginosa 
sedgeland

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Banksia Woodland Baumea articulata  closed 
sedgeland

Scattered Revegetation Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
closed forest 

Corymbia calophylla  and 
Eucalyptus rudis closed 
forest

Corymbia calophylla tall 
woodland SubComm 5

Baumea rubiginosa 
sedgeland

Eucalyptus rudis  tall open 
woodland over Melaleuca 
preissiana  and Banksia 
littoralis open woodland 
SubComm 7

Banksia attenuata  and 
Banksia menziesii open 
woodland SubComm 6

Baumea articulata  closed 
sedgeland

Scattered Corymbia 
calophylla

Revegetation Eucalyptus rudis/ 
Melaleuca preissiana / 
Melaleuca rhaphiophylla 
closed forest SubComm 3

xx

xx xx

xx

xx xx

xx

xx

x

xx

xx xx xx

x

xx xx xx

xx

xx

x

xx

xx

xx xx

xx xx

xx

xx



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

64 65 66 67 68 69 70

Eucalyptus rudis  tall forest Melaleuca rhaphiophylla 
closed forest

Melaleuca preissiana 
closed forest

Melaleuca rhaphiophylla 
closed forest

Typha orientalis  closed 
sedgeland

Eucalyptus rudis  tall 
closed forest and 
Melaleuca preissiana 
closed forest

Eucalyptus 
gomphocephala  closed 
forest

Eucalyptus rudis  closed 
forest SubComm 2

Melaleuca rhaphiophylla 
closed forest SubComm 3

Melaleuca preissiana 
closed forest SubComm 2

Melaleuca rhaphiophylla 
closed forest SubComm 4

Typha orientalis  closed 
sedgeland SubComm 1

Eucalyptus rudis and 
Melaleuca preissiana open 
woodland SubComm 1

Eucalyptus 
gomphocephala  closed 
forest

xx xx

xx

xx xx xx

x

xx

xx xx

xx

xx xx xx

xx xx

xx xx

xx

xx xx xx



GDE Community Number 1 2 3 4 5 6 7 8 9 10

Broader Community

Kunzea glabrescens 
closed tall scrub

Banksia Woodland Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Banksia Woodland Banksia Woodland Scattered Scattered Scattered Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

GDE Sub Communities

Kunzea glabrescens 
closed tall scrub 
SubComm 1

Mixed Banksia woodland  
SubComm 1

Eucalyptus rudis closed 
forest over Melaleuca 
preissiana/Banksia 
littoralis low open 
woodland SubComm 5

Banksia ilicifolia  open 
woodland  SubComm 4

Banksia attenuata/ 
Banksia menziesii 
woodland SubComm 7

Scattered Banksia 
littoralis

Scattered Corymbia 
calophylla and 
Eucalyptus 
todtiana SubComm 4

Scattered Eucalyptus 
rudis 

Eucalyptus rudis tall open 
woodland over Melaleuca 
rhaphiophylla  open 
woodland SubComm 1

Eucalyptus rudis  tall 
woodland over Melaleuca 
rhaphiophylla /Melaleuca 
preissiana  / Banksia 
littoralis  closed woodland 
SubComm 4

Indicator Species

Allocasuarina humilis 0-10

Astartea scoparia 10-50

Banksia attenuata 10-50 50-100

Banksia grandis

Banksia ilicifolia 0-10 10-50 0-10

Banksia littoralis 0-10 xx 10-50

Banksia menziesii 10-50 10-50

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus 0-10

Conostephium pendulum 0-10

Corymbia calophylla xx

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis 0-10 10-50 xx 0-10

Eucalyptus todtiana xx

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium 10-50

Juncus pallidus

Kunzea glabrescens >100 0-10

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat 0-10

Lepidosperma squamatum  sens. lat. 0-10

Lepidosperma striatum

Leucopogon conostephioides 0-10

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana 0-10 10-50

Melaleuca rhaphiophylla xx 10-50

Melaleuca teretifolia 0-10
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

11 12 13 14 15 16 17 18 19 20

Melaleuca teretifolia 
closed tall scrub

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Melaleuca preissiana 
closed forest

Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Corymbia calophylla  tall 
woodland 

Banksia Woodland Scattered Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
closed forest 

Melaleuca teretifolia 
closed tall scrub

Eucalyptus rudis  and 
Melaleuca rhaphiophylla 
open forest SubComm 5

Melaleuca preissiana 
closed forest SubComm 1

Melaleuca rhaphiophylla 
closed forest SubComm 2

Eucalyptus rudis tall open 
woodland over mixed 
Banksia woodland 
SubComm 2

Corymbia calophylla tall 
open woodland SubComm 
1

Banksia 
attenuata/Banksia 
menziesii   open forest 
SubComm 8

Scattered Eucalyptus 
todtiana

Melaleuca rhaphiophylla 
and Eucalyptus rudis 
woodland SubComm 6

Eucalyptus rudis 
/Melaleuca preissiana / 
Melaluca rhaphiophylla 
open woodland SubComm 
4

xx 50-100

xx

xx 50-100

0-10

0-10

10-50

10-50 xx xx 0-10

xx

10-50

xx 0-10

10-50 xx xx 0-10

>100

0-10

0-10

50-100



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

21 22 23 24 25 26 27 28 29 30

Banksia Woodland Banksia Woodland Eucalyptus rudis  tall 
closed forest and 
Melaleuca preissiana 
closed forest

Eucalyptus rudis  tall 
closed forest and 
Melaleuca preissiana 
closed forest

Baumea juncea closed 
sedgeland 

Scattered Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Banksia Woodland Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
closed forest 

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Banksia attenuata / 
Banksia menziesii 
woodland SubComm 9

Mixed Banksia woodland 
SubComm 2

Eucalyptus rudis  tall open 
woodland over Melaleuca 
preissiana  open 
woodland SubComm 2

Eucalyptus rudis tall open 
woodland over Melaleuca 
preissiana woodland 
SubComm 3

Baumea juncea  closed 
sedgeland 

Scattered Banksia 
menziesii 

Eucalyptus rudis  tall 
woodland over Banksia 
menziesii and Banksia 
attenuata  woodland 
SubComm 3

Mixed Banksia woodland 
SubComm 3

Eucalyptus rudis  tall 
closed forest over 
Melaleuca rhaphiophylla 
and Melaleuca preissiana 
open forest SubComm 1

Eucalyptus rudis  tall 
closed forest over 
Melaleuca rhaphiophylla 
closed forest  SubComm 
2

50-100 xx

50-100 50-100 xx 50-100

0-10 10-50 0-10

xx

50-100 50-100 xx xx 50-100

>100

xx xx xx

10-50

0-10 0-10

0-10

2-10 xx xx xx 10-50

10-50

10-50 xx 0-10

10-50

0-10

10-50 xx xx

10-50 xx 50-100

xx

0-10

10-50

0-10



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

31 32 33 34 35 36 37 38 39 40

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
closed forest and 
Melaleuca preissiana 
closed forest

Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
closed forest 

Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Corymbia calophylla  tall 
woodland 

Corymbia calophylla  tall 
open woodland over 
Banksia menziesii and 
Banksia attenuata 
woodland

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Kunzea glabrescens 
closed tall scrub

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall open 
forest over Melaleuca 
rhaphiophylla  closed 
forest SubComm 3

Eucalyptus rudis tall open 
forest over Melaleuca 
preissiana  closed forest 
SubComm 4

Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana and 
Melaleuca rhaphiophylla 
closed forest SubComm 2

Melaleuca rhaphiophylla 
closed forest SubComm 1

Eucalyptus rudis  tall 
woodland over Banksia 
ilicifolia  and Melaleuca 
preissiana open woodland 
SubComm 1

Corymbia calophylla tall 
woodland over Banksia 
littoralis  open woodland 
SubComm 2

Corymbia calophylla  tall 
woodland over Banksia 
menziesii  and Banksia 
attenuata woodland 
SubComm 1

Eucalyptus rudis  tall open 
woodland over Melaleuca 
preissiana  and Banksia 
littoralis open woodland 
SubComm 6

Kunzea glabrescens 
closed tall scrub 
SubComm 2

Eucalyptus rudis  tall 
closed forest over 
Melaleuca rhaphiophylla 
closed forest  SubComm 
4

xx

xx

xx xx

0-10

xx

xx >100

xx

xx xx >100 >100 xx

xx xx

>100

xx xx 50-100 xx 10-50 xx

0-10

xx xx xx

x

xx

xx 10-50

xx 10-50 xx 10-50

xx 10-50 50-100 xx

xx

xx

0-10 0-10 0-10

0-10 0-10



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

41 42 43 44 45 46 47 48 49 50

Corymbia calophylla  tall 
open woodland over 
Banksia menziesii and 
Banksia attenuata 
woodland

Corymbia calophylla  tall 
woodland 

Typha orientalis closed 
sedgeland 

Eucalyptus rudis  tall 
closed forest and 
Melaleuca rhaphiophylla 
closed forest

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Eucalyptus rudis  tall 
forest

Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
woodland SubComm 1

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Melaleuca preissiana 
Bnksia littoralis closed 
forest 

Corymbia calophylla  tall 
open woodland over 
Banksia menziesii  and 
Banksia attenuata 
woodland SubComm 2

Corymbia calophylla tall 
open woodland over 
Banksia attenuata 
woodland SubComm 3

Typha orientalis  closed 
sedgeland SubComm 2

Eucalyptus rudis  tall 
closed forest over 
Melaleuca rhaphiophylla 
closed forest  SubComm 
7

Eucalyptus rudis tall open 
forest over Melaleuca 
preissiana  and Melaleuca 
rhaphiophylla  closed 
forest  SubComm 8

Eucalyptus rudis tall open 
forest  SubComm 1

Melaleuca preissiana and 
Melaleuca 
rhaphiophylla woodland 

Eucalyptus rudis  / 
Melaleuca preissiana  / 
Banksia littoralis  open 
forest  Sub Comm 2

Eucalyptus rudis / 
Melaleuca preissiana / 
Banksia littoralis open 
forest  Sub Comm 1

Melaleuca preissiana 
Bnksia littoralis closed 
forest 

10-50 10-50

0-10 0-10 10-50

10-50

xx 50-100 50-100 50-100

10-50

10-50 0-10

10-50

0-10 0-10

0-10 >100

>100

xx 50-100 10-50 10-50 10-50

50-100 10-50 0-10

0-10

50-100 >100 50-100 50-100 50-100

xx 50-100 >100

xx

0-10 0-10 0-10 0-10 0-10 0-10

0-10

0-10

xx



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

51 52 53 54 55 56 57 58 59 60

Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
woodland SubComm 2

Banksia Woodland Corymbia calophylla  tall 
woodland 

Astartea scoparia  closed 
tall scrub

Corymbia calophylla  and 
Eucalyptus rudis  closed 
forest

Corymbia calophylla  tall 
woodland 

Baumea rubiginosa 
sedgeland

Eucalyptus rudis  tall 
woodland over mixed 
woodlands

Banksia Woodland Baumea articulata  closed 
sedgeland

Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
woodland 

Mixed Banksia woodland 
SubComm 5

Corymbia calophylla open 
woodland SubComm 4

Astartea scoparia  closed 
tall scrub

Corymbia calophylla  and 
Eucalyptus rudis closed 
forest

Corymbia calophylla tall 
woodland SubComm 5

Baumea rubiginosa 
sedgeland

Eucalyptus rudis  tall open 
woodland over Melaleuca 
preissiana  and Banksia 
littoralis open woodland 
SubComm 7

Banksia attenuata  and 
Banksia menziesii open 
woodland SubComm 6

Baumea articulata  closed 
sedgeland

>100

xx 10-50

xx

xx

0-10 0-10

xx 0-10

0-10 50-100 xx

50-100

10-50 0-10

xx

0-10

0-10

xx xx 0-10

0-10

xx

0-10 xx 0-10

50-100

0-10

50-100 0-10

10-50

0-10

0-10

0-10

0-10

50-100 10-50

10-50 10-50

0-10

xx

0-10



GDE Community Number

Broader Community

GDE Sub Communities

Indicator Species

Allocasuarina humilis

Astartea scoparia

Banksia attenuata

Banksia grandis

Banksia ilicifolia

Banksia littoralis

Banksia menziesii

Baumea articulata

Baumea juncea
Baumea preissi subsp laxa

Baumea preissii

Baumea rubiginosa

Calytrix  flavescens

Calytrix fraseri

Conostephium minus

Conostephium pendulum

Corymbia calophylla

Cyathochaeta teretifolia

Cyathochaeta ? teretifolia

Eucalyptus gomphocephala

Eucalyptus marginata

Eucalyptus rudis

Eucalyptus todtiana

Centella asiatica

Hypocalymma robustum

Hypocalymma angustifolium

Juncus pallidus

Kunzea glabrescens

Lepidosperma longitudinale
Lepidosperma pubisquameum sens. lat

Lepidosperma squamatum  sens. lat.

Lepidosperma striatum

Leucopogon conostephioides

Lyginia barbata

Meeboldina scariosa

Melaleuca lateritia

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca teretifolia
Patersonia occidentalis var. angustifolia

Schoenoplectus validus

Scholtzia involucrata

Stirlingia latifolia

Taxandria linearifolia

Tetraria capillaris
Tetraria sp. ? chandala

Typha orientalis

61 62 63 64 65 66 67 68 69 70

Scattered Revegetation Eucalyptus rudis  tall 
closed forest over 
Melaleuca preissiana  and 
Melaleuca rhaphiophylla 
closed forest 

Eucalyptus rudis  tall 
forest

Melaleuca rhaphiophylla 
closed forest

Melaleuca preissiana 
closed forest

Melaleuca rhaphiophylla 
closed forest

Typha orientalis  closed 
sedgeland

Eucalyptus rudis  tall 
closed forest and 
Melaleuca preissiana 
closed forest

Eucalyptus 
gomphocephala  closed 
forest

Scattered Corymbia 
calophylla

Revegetation Eucalyptus rudis/ 
Melaleuca preissiana / 
Melaleuca rhaphiophylla 
closed forest SubComm 3

Eucalyptus rudis  closed 
forest SubComm 2

Melaleuca rhaphiophylla 
closed forest SubComm 3

Melaleuca preissiana 
closed forest SubComm 2

Melaleuca rhaphiophylla 
closed forest SubComm 4

Typha orientalis  closed 
sedgeland SubComm 1

Eucalyptus rudis and 
Melaleuca preissiana 
open woodland SubComm 
1

Eucalyptus 
gomphocephala  closed 
forest

xx xx

xx

xx xx xx

0-10

x

xx

xx xx xx

xx

xx xx xx xx

xx xx xx

xx xx

xx

xx xx xx
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Easting Northing Co-ordinates Site name AHD

Height of 
pipe 
above 
ground Mar-10 Apr-10 May-10 Jun-10 Jul-10 Aug-10 Sep-10 Oct-10 Nov-10 Dec-10 Jan-11 Feb-11

390663 6451150 T1A 22.33 0.2 15.93 16.27 16.38 16.58 16.85 17.05 17.15 16.64 16.39 16.01 15.92 15.57
390042.6 6451213 T1B 19.06 0 14.25 14.38 14.31 14.52 14.74 14.80 14.77 14.76 14.73 14.72 14.70 14.68

389845 6451071 T1C 18.20 0.3 13.59 13.60 13.54 13.66
389546.4 6451094 T1D 23.52 0.1 13.06 13.07 12.91 12.95 12.96 13.07 13.12 13.06 13.09 13.07 13.07 13.01

388677 6451166

32o04'13" S    

115o49'14" E T1E (d) 23.73 0 8.40 8.30 8.30 8.33 8.47 8.46 8.53 8.46 8.41 8.32 8.24 8.14
T1E (s) 23.81 -0.05 14.91

387917 6451065

32o04'16" S    

115o48'45" E T1F (d) 34.35 0 5.30 5.42 5.29 5.37 5.45 5.49 5.48 5.39 5.37 5.24 5.18 5.09
387876.1 6451120 T1F (x) 31.49 0 5.25 5.34 5.28 5.44 5.54 5.64 5.53 5.39 5.26 5.21 5.17 5.10

390793 6450326 T2A 21.20 0.1 17.15 17.30 17.32 17.54 17.89 17.96 17.91 17.73 17.55 17.37 17.24 16.95
390330.7 6450340 T2B 16.12 0 15.59 15.88 15.77 16.00 16.12 16.12 16.12 16.05 15.88 15.75 15.58 15.35
390171.1 6450344 T2C 15.96 0.8 16.03 16.40 16.28 15.79 16.16 15.84 14.95 14.40 d
390072.1 6450309 T2D (d) 17.00 0 14.55 14.90 14.88 15.12 15.42 15.45 15.44 15.36 15.26 15.06 14.91 14.72
390072.6 6450310 T2D (s) 17.01 0 15.06 14.95 14.83 15.11 15.46 15.48 15.53 15.44 15.32 15.12 14.92 14.74
389823.1 6450368 T2E 23.38 0 14.47 14.38 14.26 14.79 14.64 14.76 14.78 14.77 14.70 14.65 14.50 14.34
389498.4 6450297 T2F 17.61 0.56 13.91 13.45 13.41 13.52 13.70 13.77 13.83 13.72 13.58 13.55 13.43 13.31
389487.6 6450263 T2F sth1 16.10 0.55 13.66 13.25 13.20 13.34 13.55 13.51 13.73 13.58 13.44 13.37 13.21 13.10
389524.5 6450228 T2F sth 2 14.57 0.13 13.31 13.49 13.68 13.95 14.17 14.24 14.32 14.00 13.79 13.65 13.47 lost
389390.7 6450313 T# 17.26 0 12.80 13.01 12.89 12.97 13.11 13.10 13.16 13.01 12.94 12.81 12.68

388476 6450302

32o04'41" S    

115o49'06" E T2I 33.78 0 8.88 8.75 8.65 8.82 8.88 8.56 9.03 8.97 8.94 8.81 8.73 8.66
390781.6 6449909 T3A (d) 20.80 0.74 17.57 17.67 17.70 17.89 18.11 18.19 18.17 17.99 17.88 17.76 17.58 17.38
390780.7 6449908 T3A (s) 20.80 0.42 d
390280.6 6449816 T3B 18.19 0.04 15.51 15.78 15.81 16.05 16.32 16.44 16.39 16.18 16.02 15.84 15.62 15.43

390003 6449795

32o04'58" S    

115o50'04" E T3C 15.88 0.7 14.58 14.94 14.88 15.26 15.62 15.72 15.64 15.46 15.22 15.02 14.77 14.60
389832.6 6449786 T3D 17.00 0.04 15.40 14.99 14.75 14.29 14.47 14.30 14.07 14.14 14.15 14.17 14.22 14.21

389242 6449817

32o04'57" S    

115o49'35" E T3E 17.00 0 12.65 13.18 13.12 13.29 13.47 13.59 13.70 13.42 13.46 13.33 13.18 13.04
388111.2 6449901 T3J 33.26 0 6.86 6.93 7.02 8.67 8.18 8.06 7.59 7.50 7.55 7.53 7.48
390295.4 6449522 T4A 18.62 0.1 16.10 16.43 16.27 16.46 16.82 16.80 16.86 16.65 16.51 16.33 16.13 15.95
390119.2 6449482 T4B 17.54 0 15.48 15.65 15.70 15.88 16.04 15.82 15.65 15.46 15.29
389898.8 6449448 T4C 20.62 0.5 14.86 14.88 14.85 15.01 15.28 15.38 15.37 15.37 15.33 15.34 15.24 15.12
389577.8 6449434 T4D 23.59 0.05 15.30 14.94 14.60 14.44 14.29 14.14 13.99 14.00 14.00 14.00 14.01 14.01
390576.6 6448994 T5A 19.86 -0.07 17.09 17.77 17.68 17.84 17.98 18.01 18.05 17.88 17.81 17.68 17.56 17.42
390119.3 6448813 T5B 17.27 0.05 15.95 16.25 16.13 16.39 16.55 16.50 16.49 16.35 16.25 16.15 16.01 15.82
389921.2 6448958 T5C (d) 17.42 0.05 15.68 15.51 15.12 15.18 15.39 15.46 15.40 15.45 15.39 15.33 15.18 14.96
389921.7 6448958 T5C (s) 17.37 0.34 14.97 15.29 15.66 15.79 15.77 15.83 15.83 15.63 15.46 15.22 15.09 14.86
389542.5 6448916 T5D 15.81 0.15 13.71 13.85 13.85 14.07 14.29 14.24 14.30 14.18 13.98 13.81 13.72 13.55
388727.1 6448843 T5G (d) 15.69 -0.03 12.11 12.54 12.33 12.49 12.61 12.72 12.68 12.58 12.54 12.33 12.25 12.09

388727 6448844 T5G (s) 15.70 -0.06 12.36 12.59 12.43 12.54 12.65 12.72 12.71 12.60 12.56 12.36 12.29 12.13
388538.2 6448902 T5H 24.78 0 11.76 11.88 11.83 11.88 11.93 11.78 11.94 11.88 11.82 11.77 11.69 11.59
387961.6 6448954 T5I 34.49 0 8.71 8.77 8.74 8.74 8.81 8.83 8.81 8.71 8.68 8.61 8.59 8.57
390590.3 6448486 T6A 23.46 0.08 17.51 17.71 17.55 17.77 17.84 17.90 17.94 17.78 17.70 17.59 17.50 17.36

390254 6448412

32o05'43" S    

115o50'13" E T6B (d) 18.02 0 16.44 16.70 16.63 16.80 16.90 16.87 16.83 16.72 16.59 16.55 16.46 16.37

Hydrological data

SITES IN ORIGINAL DRILLING PROGRAMME

Piezometric water levels in metres AHDLocation



T6B (s) 18.01 0.04 16.30 16.60 16.55 16.77 16.92 16.83 16.81 16.66 16.51 16.48 16.39 16.27
388305 6448333 T6E 39.25 -0.06 11.39 11.57 11.39 11.67 11.77 11.84 11.69 11.61 11.59 11.59 11.62 11.59

390569.2 6448077 T7A 25.08 0 17.30 17.41 17.33 17.46 17.57 17.65 17.53 17.47 17.35 17.25 17.14
389924.3 6447915 T7B 17.92 0 15.55 15.79 15.67 15.76 15.96 15.97 15.99 15.81 15.68 15.58 15.47 15.35
389540.3 6447846 T7C 19.87 0 14.58 14.74 14.59 14.75 14.88 14.90 14.61 14.60 14.49 14.37
389258.3 6447769 T7D 18.00 -0.07 13.88 14.09 13.93 14.15 14.23 14.26 14.32 14.18 14.04 13.93 13.83 13.71
388439.7 6447845 T7E 18.61 0.1 12.25 12.34 12.24 12.35 12.45 12.49 12.53 12.40 12.36 12.26 12.18 12.05
387791.6 6447783 T7F 32.27 0 9.74 9.81

Easting Northing Co-ordinates Site name AHD

Height of 
pipe 
above 
ground Mar-10 Apr-10 May-10 Jun-10 Jul-10 Aug-10 Sep-10 Oct-10 Nov-10 Dec-10 Jan-11 Feb-11

390129.8 6450169

32o04'45.9" S   

115o50'09" E A 16.17 0 15.7 15.82 15.66 15.51 15.28 15.02 14.86

389387.8 6449680

32o05'1.5" S    

115o49'40.5" E B(d) 16.09 0 13.85 13.98 13.96 13.87 13.75 13.62 13.48
B(s) 16.03 0 13.94 13.97 13.89 13.78 13.63 13.5 13.32

389406.5 6449650

32o05'2.5" S    

115o49'41.2" E C(d) 16.76 0 13.98 14.07 13.98 13.9 13.85 13.8 13.79
C(s) 16.76 0 14 13.86 13.93 13.87 13.77 13.61 d

389444 6449616

32o05.06' S    

115o49.71' E D 17.6 0 14.02 14.12 14.05 13.94 13.79 d d

389596.7 6449758

32o04'59.05" S 

115o49'48.5" E E 21.12 0 14.26 14.38 14.35 14.24 14.10 13.92 13.75

389867.5 6449693

32o05'01.25" S 

115o49'58.8" E F(d) 17.6 0 14.85 14.84 14.92 14.92 14.81 14.73 14.67
F(s) 17.6 0 15.21 15.27 15.14 15.02 d d d

389968.4 6449580

32o05.083" S    

115o50.042" E G 17.74 0 15.7 15.74 15.6 15.39 15.2 15.05 14.86

390253.6 6449634

32o05'03.3" S   

115o50'13.5" E H 16.9 0.1 16.58 16.6 16.41 16.29 16.1 15.95 15.68

 ADDITIONAL DRILL SITES
Piezometric water levels in metres AHDLocation
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Appendix 5 Water Chemistry 

  



Sites

March10 
salinity 
ppm

April10 
salinity 
ppm

May10 
salinity 
ppm

June10 
salinity 
ppm

July10 
salinity 
ppm

August10 
salinity 
ppm

T1A 244 220 371 901 237 238
T1B 263 281 385 263 211 218
T1C 281 238 439 337
T1D 329 289 509 320 320 314
T1E (d) 306 317 552 356 364 344
T1E (s) dry dry 
T1F (d) 562 473 550 598 620 593
T1F (x) 325 170 311 155 106 77
T2A 320 215 294 949 275 254
T2B 287 232 231 223 215 220
T2C dry dry dry 996 1080 11
T2D (d) 385 328 564 358 377 355
T2D (s) 521 529 900 494 445 503
T2E 520 458 487 538 589 520
T2F 626 624 586 575 586 527
T2F sth1 360 357 343 319 289 281
T2F sth 2 381 374 300 317 324 320
T# 325 335 341 368 302 311
T2I 496 308 432 241 311 545
T3A (d) 396 389 359 352 331 314
T3A (s) 361 dry
T3B 211 206 175 190 175 172
T3C 185 218 165 176 164 140
T3D 357 358 342 335 329 337
T3E 387 332 330 332 341 311
T3J 340 329 376 403 373 424
T4A 271 209 230 231 216 203
T4B 376 338 306 307 296
T4C 264 262 275 219 295 287
T4D 198 191 205 317 212 214
T5A 220 160 171 146 139 138
T5B 322 203 150 160 166 204
T5C (d) 280 241 235 249 244 233
T5C (s) 833 882 825 768 350 238
T5D 280 291 283 253 270 265
T5G (d) 1000 1018 1050 1030 974 991
T5G (s) 910 973 973 986 951 958
T5H 867 788 854 886 880 933
T5I 668 506 683 608 649 689
T6A 475 363 302 272 233 230
T6B (d) 296 300 283 282 296 303
T6B (s) 289 245 227 228 206 228
T6E 725 782 790 828 808 848
T7A 265 199 236 262 236 236
T7B 240 220 216 207 212 217
T7C 290 262 248 161 214 216
T7D 234 240 190 191 167 176
T7E 438 463 754 818 893 900
T7F 681 551



pH March pH April pH May pH June pH July pH August
T1A 7.3 8.2 6.9 6.7 6.6 6.8
T1B 6.9 7.2 6.7 6.9 7 7.1
T1C 6.8 6.9 6.6 6.1
T1D 7 7.6 7.1 7 7 7.1
T1E (d) 7.6 8.3 7.3 7.2 7.3 6.8
T1E (s)
T1F (d) 7.2 8.4 7.9 7.6 7.5 7.5
T1F (x) 6.9 8 7.6 7 7.5 7.2
T2A 7.1 8 6.7 7.3 7.2 7.2
T2B 6.6 6.8 6.9 6.2 5.9 6.1
T2C 6.2 6 5.7
T2D (d) 6.6 6.8 7.1 7.2 6.9 6.9
T2D (s) 6.2 6.4 6.6 6.5 6.6 6.9
T2E 6.6 6.4 7 6.9 6.8 6.7
T2F 6.9 7.1 6.9 6.9 6.7 6.8
T2F sth1 7 7.5 7 6.5 6.8 7
T2F sth 2 7.3 8 7.4 7.2 7.3 7.1
T# 7.1 7.8 6.2 6.3 6.1 6.3
T2I 7.1 7.8 6.7 7 7 7.1
T3A (d) 6.3 7.1 6.4 6.9 6.9 6.9
T3A (s)
T3B 7.1 8.3 6.6 7.6 7.4 7.4
T3C 7.1 7.7 6.4 7.5 6.9 6.8
T3D 7.5 8.4 7 7.6 7.5 7.3
T3E 6.6 5.4 5.3 6.2 6.3 5.5
T3J 7.1 8.5 7.8 7.4 7.3 7.2
T4A 6.6 8.2 6.8 7.3 7 7
T4B 7.5 8.3 7.1 7.1 7.3
T4C 7.2 7.4 6.6 6.8 6.9 6.7
T4D 7.1 7.4 6.9 7.1 7.1 6.9
T5A 7.2 8 6.6 6.5 6.3 6.5
T5B 7.2 6.4 6 6.4 6.5 6.4
T5C (d) 7.1 7.1 6.6 7 6.9 6.9
T5C (s) 5.4 5.9 5.3 5.8 5.8 6.1
T5D 6.9 7.4 6.8 6.9 6.9 6.5
T5G (d) 6.9 6.8 6.6 6.8 6.7 6.9
T5G (s) 7 7.6 7 7.3 7.4 7.3
T5H 7 7.6 7.1 7.2 7.1 7.2
T5I 6.9 6.9 7.7 6.8 7 6.7
T6A 6.4 6.9 5.8 5.8 5.8 5.7
T6B (d) 6.9 7.5 6.9 7.1 7.2 7.1
T6B (s) 6.4 5.8 5.4 5.7 5.7 6.1
T6E 7.1 7.8 7.4 7.5 7.4 7.4
T7A 6.2 7 6.4 6.8 5.8 5.8
T7B 7.4 8.3 6.9 6.9 7 6.9
T7C 7.1 7.2 6.2 6.5 6.3 6.7
T7D 7.2 7.8 6.1 6.4 6.6 6.9
T7E 6.4 7.8 7.3 7.3 7.2 7.1
T7F 6.2 6.9



Sample number and date Ca Mg Na K Fe Pb As
UNITS mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Bibra 3/2010 T1A 36.9 13 22 6 -0.1 0.01 -0.1
Bibra 3/2010 T1B 14.7 14.1 62 5 -0.1 0.005 -0.1
Bibra 3/2010 T1C 9.6 5.5 40 3 -0.1 0.005 -0.1
Bibra 3/2010 T1D 23.2 7.8 57 10 0.4 -0.005 -0.1
Bibra 3/2010 T1E(d) 15.4 5.4 63 7 -0.1 -0.005 -0.1
Bibra 3/2010 T1F(d) 15.9 10.2 101 18 -0.1 -0.005 -0.1
Bibra 3/2010 T1F(x) 41.7 5.2 50 5 -0.1 0.01 -0.1
Bibra 3/2010 T2A 25 9.5 54 5 -0.1 0.005 -0.1
Bibra 3/2010 T2B 21.6 5.9 49 4 -0.1 0.005 0.2
Bibra 3/2010 T2D(d) 35.7 11.4 84 11 -0.1 0.005 0.2
Bibra 3/2010 T2D(s) 60.8 18.9 135 23 0.3 0.005 -0.1
Bibra 3/2010 T2E 55.2 21.6 88 23 -0.1 0.005 -0.1
Bibra 3/2010 T2F 53 17.1 102 7 -0.1 0.005 0.3
200MM        100 100 500 500 1250   
STD 1.1 100 98.9 502 494 1240   
Bibra 3/2010 T2F sth 1 34.7 9.2 67 6 -0.1 0.01 0.3
Bibra 3/2010 T2F sth 2 23.4 14.5 73 6 -0.1 0.005 -0.1
Bibra 3/2010 T2# 30.7 10.3 66 6 -0.1 0.015 -0.1
Bibra 3/2010 T2I 35.4 17.5 112 12 -0.1 -0.005 -0.1
Bibra 3/2010 T3A(d) 39.5 16.1 78 10 -0.1 0.005 -0.1
Bibra 3/2010 T3B 14.7 12.9 34 10 -0.1 0.005 -0.1
Bibra 3/2010 T3C 8.7 10.1 35 4 -0.1 0.005 -0.1
Bibra 3/2010 T3D 20.4 4.2 54 4 -0.1 0.005 -0.1
Bibra 3/2010 T3E 20.2 17.7 107 10 0.3 -0.005 -0.1
Bibra 3/2010 T3J 10.3 8.4 74 7 -0.1 -0.005 -0.1
Bibra 3/2010 T4A 26.4 6.8 54 7 -0.1 -0.005 -0.1
Bibra 3/2010 T4B 25.9 12.3 88 11 -0.1 -0.005 -0.1
Bibra 3/2010 T4C 26.9 8.7 68 6 -0.1 0.005 -0.1
Bibra 3/2010 T4D Damaged during Sample Preparation
Bibra 3/2010 T5A 20.4 5.9 56 5 -0.1 0.005 -0.1
Bibra 3/2010 T5B 31.5 9.9 59 6 2.7 0.005 -0.1
BM100         -0.1 -1 155 -0.1   
STD 2.1  -0.1 -1 157 -0.1   
Bibra 3/2010 T5C(d) 13.7 10.1 65 5 -0.1 -0.005 -0.1
Bibra 3/2010 T5C(s) 72.7 44.6 270 7 1.1 0.005 -0.1
Bibra 3/2010 T5D 18.9 13.5 64 8 -0.1 -0.005 -0.1
Bibra 3/2010 T5G(d) 23.1 30.8 281 22 -0.1 -0.005 -0.1
Bibra 3/2010 T5G(s) 41 40.7 258 21 -0.1 -0.005 0.3
Bibra 3/2010 T5H 27.1 27.4 243 18 -0.1 -0.005 -0.1
Bibra 3/2010 T5I 33.3 21.3 179 13 -0.1 -0.005 0.1
Bibra 3/2010 T6A 17.1 7.2 115 5 -0.1 -0.005 -0.1
Bibra 3/2010 T6B(d) 32.8 8.3 65 9 -0.1 -0.005 -0.1
Bibra 3/2010 T6B(s) 24.8 9.1 66 7 -0.1 -0.005 -0.1
Bibra 3/2010 T6E 22 28.3 208 10 -0.1 0.005 -0.1
Bibra 3/2010 T7A 21.5 12.4 58 3 -0.1 -0.005 -0.1
Bibra 3/2010 T7B 27.1 6.4 43 5 -0.1 0.005 -0.1
Bibra 3/2010 T7C 29.6 8.2 60 6 -0.1 -0.005 -0.1
Bibra 3/2010 T7D 18.2 6.4 46 4 -0.1 -0.005 -0.1
Bibra 3/2010 T7E 19.4 9.8 98 5 -0.1 -0.005 -0.1
Bibra 3/2010 T7F 83.3 19.7 130 11 -0.1 -0.005 -0.1
Bibra 4/2010 T1A FF 28.8 8.4 14 3 -0.1 -0.005 -0.1
Bibra 4/2010 1B 8.5 13 57 6 -0.1 -0.005 -0.1
Bibra 4/2010 1C 6.8 8.9 76 7 -0.1 -0.005 -0.1
Bibra 4/2010 T1D 9.2 9.1 78 11 2 0.005 -0.1
Bibra 4/2010 T1E(d) 23 9.2 71 7 -0.1 -0.005 -0.1
Bibra 4/2010 TIF(d) 29.4 4.9 45 4 -0.1 -0.005 -0.1
Bibra 4/2010 T1F(x) 17.5 12.4 106 18 -0.1 -0.005 -0.1
Bibra 4/2010 2A FF 16.7 12.5 62 6 -0.1 -0.005 -0.1
Bibra 4/2010 2B 10 4.9 44 3 -0.1 -0.005 -0.1
Bibra 4/2010 2D (d) 21 13.6 91 9 0.1 -0.005 0.2
Bibra 4/2010 2D(s) 55.6 30.3 161 27 0.3 -0.005 -0.1
Bibra 4/2010 2E 55 32.3 127 33 -0.1 0.005 -0.1
Bibra 4/2010 2F (FF) 17.8 12.8 69 6 -0.1 -0.005 -0.1
Bibra 4/2010 2F sth 1 25.4 9.4 67 4 -0.1 -0.005 0.3
Bibra 4/2010 2F sth 2 13.6 14.3 64 5 -0.1 0.005 -0.1
Bibra 4/2010 2F# FF 50.1 31.3 169 9 0.2 -0.005 0.4
Bibra 4/2010 2I 31.1 13.8 87 12 -0.1 -0.005 -0.1
Bibra 4/2010 3A(d) 29.4 18 84 10 -0.1 -0.005 -0.1
Bibra 4/2010 3B FF 8 10 23 6 -0.1 -0.005 -0.1
Bibra 4/2010 3C FF 12.7 13 40 5 -0.1 -0.005 -0.1
Bibra 4/2010 3D FF 25.1 6.4 76 7 -0.1 -0.005 -0.1
Bibra 4/2010 3E FF 5.1 17.9 101 7 0.4 -0.005 -0.1
STFUS2       100 100 2300 54 200   
STD 3.1 100 98 2250 55 194   
Bibra 4/2010 3J 16.3 9.9 77 7 -0.1 -0.005 -0.1
Bibra 4/2010 4A 13.5 5.3 32 6 -0.1 -0.005 -0.1
Bibra 4/2010 4B 19.2 10.8 65 14 0.1 -0.005 -0.1



Sample number and date Ca Mg Na K Fe Pb As
UNITS mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Bibra 4/2010 4C 16 12.8 62 6 -0.1 -0.005 -0.1
Bibra 4/2010 4D 18.3 10.6 63 7 -0.1 0.005 0.2
Bibra 4/2010 5A FF 12 6.9 35 4 -0.1 0.005 -0.1
Bibra 4/2010 5B FF 7.3 4.8 36 2 -0.1 -0.005 -0.1
Bibra 4/2010 5C (d) FF 17.6 10 55 3 -0.1 -0.005 -0.1
Bibra 4/2010 5C (s) FF 63.1 42.1 304 6 0.8 -0.005 -0.1
Bibra 4/2010 5D 14 13.5 68 8 -0.1 -0.005 -0.1
Bibra 4/2010 5G(d) 42.7 32.6 248 18 -0.1 -0.005 -0.1
Bibra 4/2010 T5G(s) 32.1 45.3 272 21 -0.1 -0.005 0.2
Bibra 4/2010 5H 37.5 29.1 232 19 -0.1 -0.005 -0.1
Bibra 4/2010 5I 25.5 24.5 204 15 -0.1 -0.005 0.1
Bibra 4/2010 T6A 29 25.3 209 15 -0.1 -0.005 0.1
Bibra 4/2010 6B FF d 26.2 6.4 45 6 -0.1 0.01 -0.1
Bibra 4/2010 6B FF s 18.4 13.3 76 8 -0.1 0.01 -0.1
Bibra 4/2010 6E FF 34.2 37.1 255 12 -0.1 -0.005 -0.1
Bibra 4/2010 7A 18.6 10.7 46 3 -0.1 -0.005 -0.1
Bibra 4/2010 7B FF 18.3 7.4 44 3 -0.1 -0.005 -0.1
Bibra 4/2010 7C FF 21.4 9 52 5 -0.1 -0.005 -0.1
Bibra 4/2010 7D 11 6.9 44 4 -0.1 0.005 -0.1
Bibra 4/2010 7E 24.1 18.7 168 10 -0.1 -0.005 -0.1
Bibra 4/2010 7F 89.1 18.5 110 9 -0.1 -0.005 -0.1
200MM        (2) 100 100 500 500 1250   
STD 4.1 102 102 496 502 1230   
Bibra 6/2010 1A 57.5 11.7 23 4 -0.1 -0.005 -0.1
Bibra 6/2010 1B 16.8 16.5 60 5 -0.1 -0.005 -0.1
Bibra 6/2010 1C 7.4 13.7 115 6 -0.1 0.01 -0.1
Bibra 6/2010 1D 28.9 13 88 11 12.4 0.005 -0.1
Bibra 6/2010 1E(d) 71.8 9.9 62 6 -0.1 -0.005 -0.1
Bibra 6/2010 T1F(d) 85.5 21.1 139 14 -0.1 -0.005 -0.1
Bibra 6/2010 1F(x) 52.6 3.3 24 4 -0.1 0.005 -0.1
Bibra 6/2010 2A 45.7 50 184 8 -0.1 0.02 -0.1
Bibra 6/2010 2B 11.3 8.9 68 4 -0.1 -0.005 -0.1
Bibra 6/2010 T2C 259 868 2890 25 0.4 0.005 -0.1
Bibra 6/2010 2D(d) 61.6 48.6 203 11 0.3 0.025 0.2
Bibra 6/2010 2D(s) 51.3 25.6 130 31 0.2 0.01 -0.1
Bibra 6/2010 2E 60.9 25 96 25 0.1 -0.005 -0.1
Bibra 6/2010 2F 67.5 57.9 239 9 0.2 -0.005 0.5
Bibra 6/2010 2F sth 1 30.8 12.5 79 5 -0.1 -0.005 0.1
Bibra 6/2010 2F sth 2 40.8 16.6 69 6 -0.1 -0.005 -0.1
Bibra 6/2010 T2# 18.6 19.7 99 9 0.4 -0.005 -0.1
Bibra 6/2010 2I 43.6 9.8 38 15 0.2 -0.005 -0.1
Bibra 6/2010 3A(d) 33 14.8 68 8 -0.1 -0.005 -0.1
Bibra 6/2010 3B 23.7 13.9 29 8 -0.1 0.025 -0.1
Bibra 6/2010 3C 15 7.7 23 3 -0.1 -0.005 -0.1
Bibra 6/2010 T3D 59.1 7.2 82 6 -0.1 -0.005 -0.1
Bibra 6/2010 T3E 12.8 17.7 96 8 0.2 0.005 -0.1
Bibra 6/2010 T3J 67 14.2 83 8 -0.1 -0.005 -0.1
Bibra 6/2010 T4A 39 7.8 38 8 -0.1 -0.005 -0.1
BM100        (2) -0.1 -0.1 -1 155 -0.1   
STD 5.1 0.2 -0.1 -1 159 -0.1   
Bibra 6/2010 T4B 38.4 19.2 99 12 -0.1 -0.005 -0.1
Bibra 6/2010 T4C 30 16.3 72 7 -0.1 -0.005 -0.1
Bibra 6/2010 T4D 25.3 8.9 47 6 0.3 -0.005 0.1
Bibra 6/2010 T5A 11.8 9.8 40 4 -0.1 -0.005 -0.1
Bibra 6/2010 T5B 18.4 6.9 45 3 -0.1 -0.005 -0.1
Bibra 6/2010 T5C(d) 23.1 11.7 59 4 -0.1 -0.005 -0.1
Bibra 6/2010 T5C(s) 44.5 32.2 246 6 0.5 0.005 -0.1
Bibra 6/2010 T5D 20.4 15.2 65 8 -0.1 -0.005 -0.1
Bibra 6/2010 T5G(d) 88.5 39.9 280 22 -0.1 -0.005 -0.1
Bibra 6/2010 T5G(s) 85.8 44.9 264 22 -0.1 -0.005 -0.1
Bibra 6/2010 T5H 85.9 31.3 240 19 -0.1 -0.005 -0.1
Bibra 6/2010 T5I 58.1 24.6 178 10 -0.1 -0.005 -0.1
Bibra 6/2010 T6A 10.2 12.1 98 4 -0.1 -0.005 -0.1
Bibra 6/2010 T6B(d) 52.6 8.7 58 7 -0.1 -0.005 -0.1
Bibra 6/2010 T6B(s) 12.5 12.5 66 7 0.1 -0.005 -0.1
Bibra 6/2010 T6E 60.1 31 204 10 -0.1 -0.005 -0.1
Bibra 6/2010 T7A 28.4 14.9 63 3 -0.1 -0.005 -0.1
Bibra 6/2010 T7B 20 7.2 52 3 -0.1 -0.005 -0.1
Bibra 6/2010 T7C 19.7 5.6 44 6 0.2 -0.005 -0.1
Bibra 6/2010 T7D 7.3 9.2 47 6 -0.1 -0.005 -0.1
Bibra 6/2010 T7E 75.9 26.7 219 8 -0.1 -0.005 -0.1
Bibra 8/2010 A 79.1 17.1 92 16 -0.1 -0.005 -0.1
Bibra 8/2010 B(d) 39.2 17.9 87 9 -0.1 -0.005 -0.1
Bibra 8/2010 B(s) 27.2 20.5 122 7 -0.1 -0.005 -0.1
Bibra 8/2010 C(d) 87.4 24.5 143 10 -0.1 -0.005 -0.1
Bibra 8/2010 C(s) 42.5 23.2 106 8 0.5 -0.005 -0.1
STFUS2       (2) 100 100 2300 54 200   
STD 6.1 98.7 100 2290 54 198   
Bibra 8/2010 D 53.9 49.8 141 26 0.6 0.005 -0.1
Bibra 8/2010 E 33.9 22.1 106 11 0.2 0.01 0.2



Sample number and date Ca Mg Na K Fe Pb As
UNITS mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Bibra 8/2010 F(d) 28.2 12.5 105 11 0.4 0.005 -0.1
Bibra 8/2010 F(s) 31.4 16.3 193 19 9 -0.005 -0.1
Bibra 8/2010 G 62.3 22 134 23 0.9 0.02 -0.1
Bibra 8/2010 H 51.2 9.1 25 7 -0.1 -0.005 -0.1
Bibra 8/2010 H Pond 72 35.5 84 23 0.1 -0.005 -0.1
Bibra 8/2010 H Pond Rpt 72.4 36.1 85 23 0.1 -0.005 -0.1
CaMg1000     1000 1000 -1 -1 -0.1   
STD 7.1 979 1020 -1 -1 -0.1   
MS Solution High      0.2 0.5
STD 7.2      0.195 0.4
STFUS2       (3) 100 100 2300 54 200   
STD 8.1 99.3 98.5 2260 55 202   
MS-Soln 1ppm        
STD 8.2      1.02 1
LIQ 112 465 2770 20200 1140 3.4   
STD 9.1 446 2790 19300 1210 3.5   

Analytical Methods
The solutions have not been treated other than by dilution.

Ca, Mg, Na, K, Fe
have been determined by Inductively Coupled Plasma (ICP) Optical Emission
Spectrometry.

Pb, As
have been determined by Inductively Coupled Plasma (ICP) Mass Spectrometry.

Special Messages
Note: Sample 5I 4/10 was received in duplicate and one was marked suffix
      duplicate for identification purpose.
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Transect 1 
Depth 
(m) 

T1F (d) 
AHD 34.35 
m 

(m) T1F x 
AHD 31.49 
m 

(m) T1E 
AHD 23.73 
m 

(m) T1D 
AHD 23.52 
m 

(m) T1C 
AHD 18.2 m 

(m) T1B 
AHD 19.06 
m 

(m) T1A 
AHD 22.33 
m 

0-3 Yellow 
coarse, 
medium, fine 
quartz sand 

0-
0.5 

Iron coated 
quartz sand 

0-
3.5 

Orange 
coarse, 
mainly 
medium and 
fine quartz 
sand 

0-2 Orange very 
coarse, 
coarse, and 
medium 
quartz sand 

0-1 Yellow 
coarse, 
medium, fine 
quartz sand 

0-2 Yellow very 
coarse, 
mainly 
coarse quartz 
sand 

0-1 Fill 

3-4 Yellow 
coarse, 
mainly 
medium, fine 
quartz sand 

0.5-
1 

Buff very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

3.5-
12 

Limestone, 
some 
calcretised 

2-3 Yellow 
coarse, 
mainly 
medium, fine 
quartz sand 

1-2 Yellow very 
coarse, 
coarse, 
mainly 
medium 
quartz sand 

2-
2.5 

Yellow very 
coarse, 
mainly 
coarse to 
medium 
quartz sand 

1-2 Yellow 
mainly 
coarse, 
medium and 
fine quartz 
sand 

4-7 Yellow 
coarse, 
medium, fine 
quartz sand 

1-
1.5 

Iron 
cemented 
quartz 

12-
14 

Texture 
mottled 
orange 
coarse to 
medium 
quartz sand 
and 
limestone 

3-4 Colour 
mottled dark 
orange and 
cream very 
coarse, 
coarse, 
mainly 
medium 
sand 

2-4 Orange very 
coarse, 
coarse, 
mainly 
medium and 
fine quartz 
sand 

2.5-
3 

Yellow very 
coarse, 
coarse, and 
mainly 
medium 
quartz sand 

2-4 Yellow 
coarse, 
mainly 
medium, and 
fine quartz 
sand 

7-11 Yellow 
coarse, 
mainly 
medium, fine 
quartz sand 

1.5-
2 

Calcreted 
limestone 

14-
15 

Orange very 
coarse, 
coarse, 
mainly 
coarse to 
medium 
quartz sand 

4-9 Yellow very 
coarse, 
coarse, 
mainly 
medium 
quartz sand 

4-5 White very 
coarse, 
coarse, 
mainly 
medium and 
fine quartz 
sand 

3-
3.75 

Yellow very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

4-5 Cream very 
coarse, 
mainly 
coarse, and 
coarse to 
medium 
quartz sand 

Transect 1 
(m) T1F (d) (m) T1F x (m) T1E (m) T1D (m) T1C (m) T1B (m) T1A 
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11-
14.5 

Pale yellow 
very coarse, 
mainly 
coarse, 
medium, fine 
quartz sand 

2-3  Texture 
mottled iron 
cemented 
fine quartz 
sand and 
limestone 

15-
16 

Colour 
mottled 
orange and 
buff coarse, 
medium, fine 
quartz sand 

9-11 Colour 
mottled 
yellow and 
white very 
coarse, 
coarse, 
mainly 
medium 
quartz sand 

5-6 Texture and 
colour 
mottled grey 
muddy sand, 
yellow and 
white very 
coarse, 
coarse, and 
mainly 
medium 
quartz sand 

3.75
-4 

Cream very 
coarse, 
coarse, 
mostly 
medium 
quartz sand 

5-6 White 
coarse, 
mainly 
medium 
quartz sand 

14.5-
15 

Limestone 3-4 Limestone 16-
18 

Cream 
coarse, 
mainly 
medium 
quartz sand 

11-
12 

Colour 
mottled 
orange and 
white mainly 
coarse quartz 
sand 

6-7 Grey muddy 
medium 
sand 

4-
4.5 

White very 
coarse, 
coarse, and 
mostly 
medium 
quartz sand 

6-7 Buff coarse, 
and medium 
quartz sand 

15-18 Pale yellow 
very coarse, 
coarse, and 
medium 
quartz sand 

4-5 Colour 
mottled 
yellow and 
buff very 
coarse, 
coarse, 
medium and 
fine quartz 
sand 

  12-
14 

Colour 
mottled 
orange coarse 
mainly 
medium 
quartz sand 
and buff 
coarse, 
mainly coarse 
to medium, 
and medium 
quartz sand 

7-8 Grey muddy 
coarse to 
medium 
sand 

4.5-
5.5 

Brown 
coarse and 
coarse to 
medium 
quartz sand 

7-8 Texture and 
colour 
mottled 
yellow and 
white 
medium 
quartz sand 
and buff very 
coarse, 
coarse, and 
mainly coarse 
to medium 
quartz sand 
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Transect 1 
(m) T1F (d) (m) T1F x (m) (m) T1D (m) T1C (m) T1B (m) T1A
18-19 Texture and 

colour 
mottled pale 
yellow very 
coarse, 
coarse, and 
medium 
quartz sand 
and yellow 
coarse, 
mainly 
medium and 
fine quartz 
sand 

5-8 Yellow very 
coarse and 
mainly 
medium 
quartz sand 

  14-
15 

Texture 
mottled 
brown 
muddy iron 
coated sand 
and orange 
coarse, 
mainly 
medium 
quartz sand 

8-9 Colour and 
texture 
mottled grey 
muddy 
coarse to 
medium 
sand and 
buff coarse 
to medium 
quartz sand 

5.5-
6 

Brown very 
coarse, 
mainly 
coarse and 
medium 
quartz sand 

8-9 Buff coarse 
to medium 
quartz sand 

19-21 Orange very 
coarse, 
coarse, and 
mainly 
medium 
quartz sand 

8-9 Orange very 
coarse and 
coarse quartz 
sand 

      6-7 Brown very 
coarse, 
coarse and 
mainly 
medium 
quartz sand 

9-10 Buff coarse 
and medium 
quartz sand 

21-22 Pale yellow 
very coarse, 
coarse, and 
medium 
quartz sand 

9-10 Orange very 
coarse 
mainly 
coarse, and 
medium 
quartz sand 

      7-
7.5 

White very 
coarse, 
coarse, 
mainly 
medium 
quartz sand 

10-
12 

Buff very 
coarse, 
mainly 
coarse quartz 
sand 
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Transect 1 
(m) T1F (d) (m) T1F x (m) (m) (m)  (m) T1B (m)
22-
24.5 

Cream very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

10-
11 

Orange 
mainly 
coarse, and 
medium 
quartz sand 

      7.5-
8.5 

Texture and 
colour 
mottled buff 
very coarse, 
mainly 
coarse quartz 
sand and 
white very 
coarse, 
coarse, 
mainly 
medium 
quartz sand 

  

24.5-
31 

Calcreted 
limestone 

11-
12 

Orange very 
coarse 
coarse, and 
mainly 
medium 
quartz sand 

      8.5-
9 

Colour 
mottled 
brown, 
white, buff 
very coarse, 
coarse to 
medium 
quartz sand 

  

  12-
14 

Orange 
mostly 
coarse, and 
medium 
quartz sand 
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Transect 1 
(m)  (m) T1F x (m) (m) (m)  (m) (m)
  14-

15 
Yellow 
coarse, 
mainly 
medium 
quartz sand 

          

  15-
19 

Pale yellow 
very coarse, 
coarse, and 
mainly 
medium 
quartz sand 

          

  19-
21 

Pale yellow 
coarse and 
medium 
quartz sand 

          

  21-
22 

Yellow 
medium and 
fine quartz 
sand 

          

  22-
23 

Orange 
coarse, 
medium, fine 
quartz sand 

          

  23-
24 

Orange very 
coarse, 
coarse, 
medium and 
fine quartz 
sand 
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Transect 1 
(m)  (m) T1F x (m) (m) (m)  (m) (m)
  24-

25 
Colour 
mottled 
brown iron 
coated and 
orange 
mainly 
coarse, and 
medium 
quartz sand 

          

  25-
27 

Yellow 
coarse, 
coarse to 
medium and 
medium 
quartz sand 

          

  27-
29 

Colour 
mottled 
cream and 
orange 
coarse, 
mainly 
medium 
quartz sand 

          

  29-
30 

Cream 
coarse, 
mainly 
coarse to 
medium 
quartz sand 
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Transect 1 
(m)  (m) T1F x (m) (m) (m)  (m) (m)
  30-

31 
Texture 
mottled buff 
muddy 
coarse to 
medium 
sand and 
buff coarse 
to medium 
quartz sand 

          

  31-
32 

Orange 
coarse and 
coarse to 
medium 
quartz sand 

          

  32-
33 

Texture 
mottled 
orange 
muddy sand 
and calcrete 
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Transect 2 
Depth 
(m) 

T2I 
AHD 33.78 
m 

(m) T2# 
AHD 17.26 
m 

(m) T2E 
AHD 23.38 
m 

(m) T2D 
AHD 17 m 

(m) T2C 
AHD 15.96 
m 

(m) T2B 
AHD 16.2 m 

(m) T2A 
AHD 21.2 m 

0-4 Humic 
orange 
coarse, 
medium, fine 
quartz sand 

0-1 Humic sand 0-2 Yellow very 
coarse, 
coarse, and 
medium 
quartz sand 

0-
0.5 

Humic sand 0-
0.4 

Organic 
matter 
enriched 
(OME) 
phytolithic 
muddy sand 

0-
0.2 

OME 
phytolithic 
muddy sand 

0-1 Brown very 
coarse, and 
coarse quartz 
sand 

4-13 Orange 
mostly 
medium 
quartz sand 

1-2 Buff very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

2-3 Yellow 
coarse, and 
medium 
quartz sand 

0.5-
1 

Brown very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

0.4-
0.7 

Buff 
phytolithic 
and quartz 
silt muddy 
sand 

0.2-
0.5 

Brown 
coarse, 
medium, fine 
quartz sand 

1-2 Buff coarse 
quartz sand 

13-15 Orange 
medium, fine 
quartz sand 

2-
3.5 

Cream very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

3-4 Orange very 
coarse, 
coarse, and 
medium 
quartz sand 

1-
3.7 

Buff very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

0.7-
1 

Grey 
phytolithic 
and quartz 
silt muddy 
sand 

0.5-
1 

Colour and 
texture 
mottled 
brown very 
coarse, and 
coarse quartz 
sand and 
grey muddy 
sand 

2-3 Cream 
coarse quartz 
sand 
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Transect 2 
(m) T2I (m) T2# (m) T2E (m) T2D (m) T2C (m) T2B (m) T2A
15-20 Orange fine 

quartz sand 
3.5-
4 

Brown iron 
coated 
quartz sand 

4-6 Orange 
coarse and 
mainly 
medium 
quartz sand 

3.7-
4 

Iron coated 
and 
cemented 
muddy sand 
with 
ferricrete 
nodules 

1-
1.8 

Texture and 
colour 
mottled grey 
and orange 
phytolithic, 
kaolin and 
spongolitic 
muddy sand, 
and orange 
medium and 
fine quartz 
sand with 
ferricrete 
nodules 

1-
1.5 

Brown very 
coarse, and 
coarse quartz 
sand 

3-4 Colour and 
texture 
mottled 
cream mainly 
coarse, and 
brown iron 
coated coarse 
quartz sand 
with 
ferricrete 
nodules 

20-22 Orange 
coarse to 
medium 
quartz sand 

4-5  Buff very 
coarse, 
coarse, and 
mainly 
medium 
quartz sand 

6-7 Yellow very 
coarse, 
coarse, and 
mainly 
medium 
quartz sand 

4-5 Brown very 
coarse, 
mainly 
coarse and 
medium 
quartz sand 

1.8 Ferricrete 1.5-
2 

Brown 
mainly 
coarse, and 
medium 
quartz sand 

4-5 Colour 
mottled 
cream and 
brown mainly 
coarse quartz 
sand 

22-23 Colour 
mottled 
orange and 
cream coarse 
to medium 
quartz sand 

5-6 Grey very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

7-8 Cream 
medium 
quartz sand 

5-
5.25 

Brown 
phytolithic, 
kaolin 
muddy sand 

  2-
2.7 

Buff very 
coarse, and 
coarse quartz 
sand 

5-
6.5 

Texture 
mottled 
mainly coarse 
brown iron 
coated quartz 
sand and 
nodules of 
ferricrete 
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Transect 2 
(m) T2I (m) T2# (m) T2E (m) T2D (m)  (m) T2B (m) T2A
23-24 Cream 

coarse to 
medium 
quartz sand 

6-8 Grey very 
coarse, 
coarse, and 
coarse to 
medium 
quartz sand 

8-9 White coarse 
and mainly 
medium 
quartz sand 

5.25
-5.5 

Buff very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

  2.7-
3.5 

Brown 
muddy sand 

6.5-
7 

Brown muddy 
sand 

24-27 White very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

8-9 Grey very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

9-10 Buff very 
coarse, 
coarse, and 
coarse to 
medium 
quartz sand 

5.5-
6 

Colour and 
texture 
mottled buff 
mainly coarse 
quartz sand 
and brown 
muddy sand  

  3.5-
4.2 

Brown very 
coarse, and 
mainly 
coarse quartz 
sand 

7-9 Cream coarse 
and medium 
quartz sand 

    10-
11 

Buff very 
coarse and 
mainly 
medium 
quartz sand 

    4.2-
5.0 

Grey very 
coarse, 
coarse and 
mainly 
medium 
quartz sand 

9-
9.5 

Buff very 
coarse, coarse, 
and medium 
quartz sand 

    11-
12 

Colour 
mottled buff 
and cream 
very coarse, 
coarse, and 
mainly 
medium 
quartz sand 

    5-6 Grey very 
coarse, 
coarse and 
medium 
quartz sand 

9.5-
10 

Cream very 
coarse, coarse 
and medium 
quartz sand 

            10-
12 

White very 
coarse, and 
coarse quartz 
sand 
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Transect 3 
Depth 
(m) 

T3J 
AHD 33.26 
m 

(m)  (m) T3E 
AHD 17 m 

(m) T3D 
AHD 17 m 

(m) T3C 
AHD 15.88 
m 

(m) T3B 
AHD 18.19 
m 

(m) T3A 
AHD 20.8 m 

0-1 Humic 
brown 
coarse, 
medium, fine 
quartz sand 

  0-1 Grey very 
coarse, and 
mainly 
coarse quartz 
sand 

0-
0.5 

Humic 
mainly 
coarse quartz 
sand 

0-1 Buff coarse 
quartz sand 

0-1 Humic very 
coarse, 
coarse and 
medium 
quartz sand 

0-
0.2 

Brown very 
coarse, and 
coarse quartz 
sand 

1-2 Colour 
mottled 
yellow, 
brown and 
iron coated 
coarse, 
medium and 
fine quartz 
sand 

  1-2 Buff very 
coarse, and 
mainly 
coarse quartz 
sand 

0.5-
1 

Grey very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

1-2 Colour 
mottled buff, 
and brown 
very coarse 
and mainly 
coarse quartz 
sand 

1-2 Buff very 
coarse, 
coarse, 
medium 
quartz sand 

0.2-
1 

Buff coarse 
and coarse to 
medium 
quartz sand 

2-3 Yellow 
coarse, 
medium, fine 
quartz sand 

  2-
2.7 

Buff coarse 
and mainly 
coarse to 
medium 
quartz sand 

1-2 Buff very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand

2-
2.5 

Cream very 
coarse and 
mainly 
coarse quartz 
sand 

2-
2.5 

Cream very 
coarse, 
mainly 
coarse, 
medium 
quartz sand

1-
2.5 

Buff coarse 
and mostly 
medium 
quartz sand 



V & C Semeniuk Research Group 
 

 20 

Transect 3 
(m) T3J (m)  (m) T3E (m) T3D (m) T3C (m) T3B (m) T3A
3-4 Colour 

mottled 
yellow, buff 
and iron 
coated 
coarse, 
medium and 
fine quartz 
sand 

  2.7-
4 

Muddy iron 
coated 
medium 
sand and 
small 
ferricrete 
nodules 

2-4 Colour 
mottled buff 
and brown 
very coarse, 
mainly 
coarse and 
medium to 
coarse quartz 
sand 

2.5-
3 

Cream 
mainly very 
coarse, and 
coarse quartz 
sand 

2.5-
4 

Iron coated 
very coarse, 
mainly 
coarse quartz 
sand 

2.5-
3 

Iron coated, 
cemented 
medium 
quartz sand 

4-6 Yellow very 
coarse, 
coarse, and 
medium 
quartz sand 

  4-
4.5 

Brown 
medium 
quartz sand 

4-5 Colour 
mottled dark 
brown and 
brown very 
coarse, 
mainly 
coarse quartz 
sand 

3-
3.5 

Brown 
muddy 
coarse sand 

4-6 Brown very 
coarse, 
coarse, 
mostly 
medium 
quartz sand 

3-4 Buff coarse to 
medium 
quartz sand 

6-8 Orange very 
coarse, 
coarse, and 
medium 
quartz sand 

  4.5-
5.5 

Buff very 
coarse, 
coarse and 
mainly 
medium 
quartz sand 

5-6 Brown very 
coarse, 
mainly 
coarse and 
medium 
quartz sand 

3.5-
4 

Buff coarse 
sand 

6-7 Colour and 
texture 
mottled 
mainly grey 
muddy 
medium 
sand and 
buff very 
coarse, and 
medium 
quartz sand 

4-5 Colour 
mottled 
cream and 
grey coarse 
and coarse to 
medium 
quartz sand 
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Transect 3 
(m) T3J (m)  (m) T3E (m) T3D (m) T3C (m) T3B (m) T3A
8-9 Orange very 

coarse and 
medium 
quartz sand 

  5.5-
6 

Brown very 
coarse, 
mainly 
coarse and 
medium 
quartz sand 

6-8 Brown very 
coarse, 
coarse, and 
coarse to 
medium 
quartz sand 

4-
5.5 

Colour 
mottled buff 
and cream 
very coarse, 
mainly 
coarse, and 
medium 
quartz sand 

7-8  Cream 
coarse and 
medium 
quartz sand 

5-7 Colour mottled 
white and grey 
coarse and 
mostly medium 
quartz sand 

9-10 Colour 
mottled 
yellow, 
brown, buff 
coarse, 
medium and 
fine quartz 
sand 

    8-11 Buff very 
coarse, 
coarse, and 
coarse to 
medium 
quartz sand 

5.5-
6 

Grey muddy 
sand 

8-9 Colour and 
texture 
mottled 
mainly grey 
muddy 
medium 
sand and 
cream very 
coarse, and 
medium 
quartz sand 

7-9 White very 
coarse and  
coarse quartz 
sand 

10-12 Yellow 
coarse and 
mainly 
medium 
quartz sand 

    11-
12 

Texture and 
colour 
mottled buff 
muddy 
coarse sand 
and cream 
very coarse 
and coarse 
quartz sand 

      

 



V & C Semeniuk Research Group 
 

 22 

Transect 3 
(m) T3J (m)  (m) (m) (m)  (m) (m)
12-13 Texture 

mottled 
brown 
muddy sand 
and orange 
coarse and 
medium 
quartz sand 

            

13-15 Orange very 
coarse, 
coarse and 
medium 
quartz sand 

            

15-17 Orange very 
coarse, 
coarse and 
mainly 
medium 
quartz sand 

            

17-18 Orange very 
coarse quartz 
sand 

            

18-21 Orange very 
coarse, 
coarse and 
mainly 
medium 
quartz sand 
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Transect 3 
(m) T3J (m)  (m) (m) (m)  (m) (m)
21-22 Buff coarse, 

and coarse to 
medium 
quartz sand 

            

22-
24.2 

Cream very 
coarse, 
coarse and 
medium 
quartz sand 

            

24.2-
25 

Orange 
medium 
quartz sand 

            

25-26 Cream 
coarse and 
mainly 
medium 
quartz sand 

            

26--28 White coarse 
and mainly 
medium 
quartz sand 

            

28-29 White 
medium 
quartz sand 
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Transect 3 
(m) T3J (m)  (m) (m) (m)  (m) (m)
29-30 White coarse 

and mainly 
medium 
quartz sand 

            

30-33 Grey coarse 
and mainly 
medium 
quartz sand 
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Transect 4 
(m)  (m)  (m)  (m) T4D 

AHD 23.59 
m 

(m) T4C 
AHD 20.62 
m 

(m) T4B 
AHD 17.54 
m 

(m) T4A 
AHD 18.62 
m 

      0-
1.8 

Orange iron 
coated 
coarse 
medium and 
fine quartz 
sand 

0-
0.3 

Humic 
coarse sand 

0-1 Fill 0-1 Buff coarse 
mostly 
medium and 
fine quartz 
sand 

      1.8-
2.5 

Orange 
medium and 
fine quartz 
sand 

0.3-
1 

Buff very 
coarse, and 
coarse quartz 
sand 

1-2  Grey muddy 
sand 

1-3 Colour 
mottled grey 
and buff 
coarse mostly 
medium and 
fine quartz 
sand 

      2.5-
3 

Orange 
coarse and 
medium 
quartz sand 
and 
ferricrete 
gravel

1-4 Yellow very 
coarse, 
coarse and 
medium 
quartz sand 

2-
2.5 

Dark grey 
coarse 
medium and 
fine quartz 
sand 

3-4 Iron coated 
coarse and 
medium 
quartz sand 
and ferricrete 
gravel 
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      3-
6.0 

Orange 
coarse 
mainly 
medium and 
fine quartz 
sand 

4-
5.5 

Cream very 
coarse, 
coarse and 
medium 
quartz sand 

2.5-
3 

Dark grey 
coarse 
medium and 
fine muddy 
sand 

4-7 Brown very 
coarse, 
mostly coarse 
and medium 
quartz sand 
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Transect 4 
(m)  (m)  (m) (m) T4D (m) T4C (m) T4B (m) T4A
      6.0-

6.5 
Orange very 
coarse, 
coarse 
medium and 
fine quartz 
sand 

5.5-
6 

Iron coated 
very coarse, 
coarse and 
medium 
quartz sand 

3-4  Buff very 
coarse, 
coarse and 
medium 
quartz sand 

7-9 Buff very 
coarse, 
mostly coarse 
and medium 
quartz sand 

      6.5-
7 

Orange 
coarse 
medium and 
fine quartz 
sand 

6-7 Buff very 
coarse, 
mostly 
coarse and 
medium 
quartz sand 

4-
4.5 

Cream very 
coarse, 
coarse and 
medium 
quartz sand 

  

      7-
7.5 

Colour 
mottled 
white, cream 
and orange 
coarse, 
mostly 
medium 
quartz sand 

7-9 Cream very 
coarse, 
mostly 
coarse and 
medium 
quartz sand 

4.5-
6 

Cream 
mainly 
medium 
quartz sand 

  

      7.5-
8.5 

Whitecoarse 
and medium 
quartz sand 

9-10 Buff very 
coarse, 
mostly 
coarse and 
medium 
quartz sand 

6-
6.5 

Colour 
mottled 
cream and 
buff very 
coarse, 
coarse, 
mostly 
medium 
quartz sand
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Transect 4 
(m)  (m)  (m) (m) T4D (m) T4C (m) T4B (m)
      8.5-

9 
Colour 
mottled 
cream and 
brown 
coarse, 
mostly 
medium and 
fine quartz 
sand 

10-
11 

Buff muddy 
coarse sand 

6.5-
7 

Grey coarse 
mostly 
medium 
muddy sand 

  

      9-10 Cream 
medium and 
fine quartz 
sand 

11-
12 

Cream very 
coarse, 
coarse and 
mostly 
medium 
quartz sand 

7-
7.5 

Cream very 
coarse, 
coarse, 
mostly 
medium 
quartz sand 

  

      10-
10.5 

Cream 
coarse, 
medium and 
fine quartz 
sand 

  7.5-
8 

Texture and 
colour 
mottled 
white mostly 
medium 
quartz sand 
and brown 
muddy sand  

  

      10.5
-11 

Cream 
medium and 
fine quartz 
sand 

  8-9 White coarse 
and medium 
quartz sand 
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Transect 4 
(m)  (m)  (m) (m) T4D (m)  (m) (m)
      11-

11.5 
White 
coarse, 
mostly 
medium and 
fine quartz 
sand 

      

      11.5
-12 

Colour 
mottled 
cream and 
brown 
coarse, 
mostly 
medium and 
fine quartz 
sand 

      

      12-
12.5 

Cream 
medium and 
fine quartz 
sand 

      

      12.5
-13 

Cream fine 
quartz sand 

      

      13-
14 

Cream 
medium 
quartz sand 

      

      14-
15 

Cream 
coarse and 
medium 
quartz sand 
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Transect 4 
(m)  (m)  (m) (m) T4D (m)  (m) (m)
      15-

15.5 
Cream 
medium and 
fine quartz 
sand 

      

      15.5
-16 

Grey muddy 
coarse and 
medium 
sand 
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Transect 5 
(m) T5I 

AHD 34.49 
m 

(m) T5H 
AHD 24.78 
m 

(m) T5G 
AHD 15.7 m 

(m) T5D 
AHD 15.81 
m 

(m) T5C 
AHD 17.42 
m 

(m) T5B 
AHD 17.27 
m 

(m) T5A 
AHD 19.86 
m 

0-1 Yellow 
mainly very 
coarse, 
coarse and 
medium 
quartz sand 

0-
0.5 

Humic very 
coarse and 
coarse sand 

0-
0.2 

Humic 
coarse to 
medium 
quartz sand 

0-
0.5 

Humic 
coarse 
mainly 
medium and 
fine quartz 
sand 

0-1 Brown very 
coarse 
mainly 
coarse quartz 
sand 

0-
0.5 

Black humic 
coarse 
mainly 
medium and 
fine quartz 
sand 

0-2 Humic very 
coarse, 
mainly 
coarse, and 
medium sand 

1-5 Orange very 
coarse, 
mainly 
coarse to 
medium 
quartz sand 

0.5-
1.5 

Pale yellow 
very coarse 
and coarse 
quartz sand 

0.2-
1 

Grey coarse 
medium and 
fine quartz 
sand 

0.5-
1.5 

Buff coarse 
to medium 
quartz sand 

1-2 Buff coarse 
to medium 
quartz sand 

0.5-
1  

Dark grey 
coarse, 
medium, and 
fine quartz 
sand 

2-3 Grey very 
coarse, 
mostly 
coarse, and 
medium 
quartz sand 

5-6 Orange and 
cream very 
coarse, 
mainly 
coarse to 
medium 
quartz sand 

1.5-
8 

Yellow 
coarse 
mainly 
medium and 
fine quartz 
sand 

1-3 Buff coarse 
medium and 
fine quartz 
sand 

1.5-
3 

Iron coated 
coarse to 
medium 
quartz sand 

2-3 Buff  very 
coarse, 
coarse and 
medium 
quartz sand 

1-
2.5 

Brown very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

3-4 Brown very 
coarse, 
mostly 
coarse, and 
medium 
quartz sand 



V & C Semeniuk Research Group 
 

 32 

Transect 5 
(m) T5I (m) T5H (m) T5G (m) T5D (m) T5C (m) T5B (m) T5A
6-7 Buff 

medium to 
fine quartz 
sand 

8-9 Yellow 
medium 
quartz sand 

3-
5.5 

Texture and 
colour 
mottled dark 
grey muddy 
sand and 
buff very 
coarse, 
coarse, 
medium and 
fine quartz 
sand 

3-4 Brown 
coarse to 
medium 
quartz sand 

3-4 Iron coated 
muddy very 
coarse, 
coarse and 
medium 
sand with 
ferricrete 
nodules 

2.5-
3 

Dark grey 
medium 
muddy sand 

4-6 Light grey 
very coarse, 
mostly coarse 
and medium 
quartz sand 

7-10 Yellow 
medium to 
fine quartz 
sand 

9-10 Cream 
mainly 
medium and 
fine quartz 
sand 

5.5-
15 

Texture and 
colour 
mottled dark 
grey muddy 
sand and 
grey very 
coarse 
coarse 
medium and 
fine quartz 
sand 

4-5 Grey mainly 
coarse, and 
medium 
quartz sand 

4-6 Brown very 
coarse, 
coarse and 
mainly 
medium 
quartz sand 

3-
3.5  

Iron coated 
muddy 
coarse and 
medium 
sand 

6-7 White very 
coarse, 
mostly coarse 
and medium 
quartz sand 

10-12 Yellow 
coarse 
medium and 
fine quartz 
sand 

10-
11 

White 
medium to 
fine quartz 
sand 

  5-6 Grey coarse, 
and mainly 
medium 
quartz sand 

6-
6.5 

Brown 
muddy 
medium 
sand 

3.5-
4 

Grey very 
coarse, 
coarse and 
medium 
quartz sand 

7-8 White mainly 
medium 
quartz sand 
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Transect 5 
(m) T5I (m) T5H (m) (m) (m) T5C (m) T5B (m) T5A
12-
12.75 

Texture and 
colour 
mottled 
yellow 
coarse 
medium and 
fine quartz 
sand, brown 
muddy sand, 
and 
limestone 

11-
12 

White coarse 
medium and 
fine quartz 
sand 

    6.5-
7 

Brown very 
coarse, 
mainly 
coarse and 
medium 
quartz sand 

4-
4.5 

Iron coated 
muddy very 
coarse, 
coarse and 
medium 
sand 

8-9 White very 
coarse and 
coarse quartz 
sand 

12.75-
17.5 

Limestone 
with calcrete 

12-
13 

Cream 
coarse 
medium and 
fine quartz 
sand 

    7-8 Buff very 
coarse, 
mostly 
coarse and 
medium 
quartz sand 

4.5-
6 

Buff very 
coarse, and 
coarse quartz 
sand 

  

17.5-
18 

Yellow very 
coarse, 
coarse to 
medium 
quartz sand 

13-
16 

Cream 
coarse 
medium and 
fine quartz 
sand 

    8-9 Texture and 
colour 
mottled buff 
very coarse, 
mostly coarse 
and medium 
quartz sand 
and cream 
coarse to 
medium 
quartz sand 
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Transect 5 
(m) T5I (m) T5H (m) (m) (m) T5C (m) (m)
18-
18.5 

Limestone 16-
17 

Cream 
coarse to 
medium 
quartz sand 

    9-
9.25 

Iron coated 
medium 
quartz sand 

    

18.5-
22 

Yellow very 
coarse, and 
coarse quartz 
sand 

17-
18 

Buff muddy 
coarse to 
medium 
sand 

    9.25
-11 

Colour 
mottled white 
and buff 
coarse to 
medium 
quartz sand 

    

22-23 Colour 
mottled 
yellow and 
cream very 
coarse and 
coarse quartz 
sand 

18-
21 

Dark grey 
coarse to 
medium 
quartz sand 

    11-
12 

Colour 
mottled 
white and 
buff coarse 
and  medium 
quartz sand 

    

23-26 White very 
coarse, 
coarse and 
medium 
quartz sand 

            

26-27 Grey coarse 
and medium 
quartz sand 

            

27-28 Grey muddy 
very coarse, 
coarse and 
medium sand 

            

28-30 Grey coarse 
and medium 
quartz sand 
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Transect 6 
(m)    (m) T6E 

AHD 39.25 
m 

    (m) T6B 
AHD 18.02 
m 

(m) T6A 
AHD 23.46 
m 

    0-
0.5 

Colour 
mottled grey, 
orange, 
brown 
muddy (iron 
& kaolin) 
medium 
sand 

    0-1 Humic very 
coarse and 
coarse quartz 
sand 

0-
1.5 

Cream very 
coarse, and 
coarse quartz 
sand 

    0.5-
3 

Yellow very 
coarse, 
coarse, 
medium and 
fine quartz 
sand 

    1-
2.5  

Buff very 
coarse and 
coarse quartz 
sand 

1.5-
2 

Yellow very 
coarse, and 
coarse quartz 
sand 

    3-8 Yellow very 
coarse, 
coarse, 
medium and 
mainly fine 
quartz sand

    2.5-
4 

Iron coated 
very coarse, 
and coarse, 
sand with 
ferricrete 
nodules

2-4 Yellow very 
coarse, 
coarse and 
medium 
quartz sand 
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Transect 6 
(m)  (m)  (m) T6E (m)  (m) T6B (m) T6A
    8-9 Texture and 

colour 
mottled 
yellow very 
coarse, 
coarse, 
medium and 
fine quartz 
sand muddy 
sand and 
cream 
medium 
quartz sand 

    4-5 Brown very 
coarse, 
coarse, and 
medium 
quartz sand 

4-
4.5 

Pale yellow 
coarse and 
mostly 
medium 
quartz sand 

    9-10 Colour 
mottled 
yellow 
cream and 
brown very 
coarse, 
coarse, 
medium and 
fine quartz 
sand 

    5-6  Buff very 
coarse, 
coarse, and 
medium 
quartz sand 

4.5-
6 

White coarse 
and mostly 
medium 
quartz sand 

    10-
11 

Yellow 
coarse, 
medium and 
fine quartz 
sand 

      6-7 White muddy 
medium sand 
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Transect 6 
(m)  (m)  (m) T6E (m) (m)  (m) (m) T6A
    11-

22 
Limestone 
with calcrete 

      7-9 White coarse 
and medium 
quartz sand 

    22-
22.5 

Cavity       9-
12 

White coarse 
to medium 
quartz sand 

    22.5
-24 

Texture 
mottled 
limestone 
and orange 
very coarse, 
coarse and 
medium 
quartz sand 

        

    24-
25 

Orange 
coarse, 
mainly 
medium 
quartz sand 

        

    25-
26 

Cream 
medium and 
coarse quartz 
sand 

        

    26-
27 

White 
coarse, 
mainly 
medium 
quartz sand 
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Transect 6 
(m)  (m)  (m) T6E (m) (m)  (m) (m)
    27-

30 
White 
medium and 
coarse quartz 
sand 

        

    30-
33 

Grey very 
coarse, 
coarse, and 
medium 
quartz sand 

        

    33-
34 

Brown 
muddy very 
coarse and 
coarse sand 

        

    34-
35 

Buff coarse 
quartz 

        

    35-
36 

Buff very 
coarse, 
coarse and 
medium 
quartz sand
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Transect 7 
(m)   T7F 

AHD 32.27 
m 

(m) T7E 
AHD 18.61 
m 

 T7D 
AHD 18.0 m 

 T7C 
AHD 19.87 
m 

(m) T7B 
AHD 17.92 
m 

(m) T7A 
AHD 25.08 
m 

  0-2 Landfill 0-1 Humic very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

0-
0.5 

Humic very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

0-1 Pale yellow 
mainly very 
coarse, 
coarse, and 
medium 
quartz sand 

0-
0.5 

Humic very 
coarse, 
coarse, 
medium and 
fine quartz 
sand 

0-1 Buff very 
coarse, and 
coarse quartz 
sand 

  2-5 Yellow 
coarse, 
medium and 
fine quartz 
sand 

1-2 Grey very 
coarse, 
coarse, and 
mainly 
medium 
quartz sand 

0.5-
1.5 

Grey very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

1-3 Yellow very 
coarse, and 
mainly 
coarse quartz 
sand 

0.5-
1.5  

Grey very 
coarse 
coarse, 
medium and 
fine quartz 
sand 

1-2 Orange very 
coarse, 
mainly 
coarse and 
medium 
quartz sand 

  5-6 Pale yellow 
coarse, 
mainly 
medium and 
fine quartz 
sand 

2-5 White very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

1.5-
2.5 

Buff very 
coarse, 
mainly 
coarse, and 
coarse to 
medium 
quartz sand 

3-4 Orange very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

1.5-
2 

Dark grey 
muddy 
coarse and 
medium 
sand 

2-4 Orange very 
coarse, 
mainly 
coarse and 
coarse to 
medium 
quartz sand 



V & C Semeniuk Research Group 
 

 40 

Transect 7 
(m)  (m) T7F (m) T7E (m) T7D T7C (m) T7B (m) T7A
  6-7 Texture and 

colour 
mottled pale 
yellow and 
cream 
coarse, 
mainly 
medium and 
fine quartz 
sand and 
orange 
muddy sand 

5-6 White 
coarse, 
mainly 
medium and 
fine quartz 
sand 

2.5-
3.5 

Colour 
mottled 
brown iron 
coated and 
cream very 
coarse, 
mainly 
coarse, and 
coarse to 
medium 
quartz sand  

4-
4.5 

Texture and 
colour 
mottled 
orange very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 
and cream 
very coarse, 
mainly 
medium 
quartz sand 

2-
2.5 

Colour and 
texture 
mottled dark 
grey muddy 
coarse and 
medium 
sand and 
buff mostly 
coarse, 
quartz sand 

4-5 Orange 
coarse to 
medium 
quartz sand 

  7-10 Pale yellow 
very coarse, 
coarse, 
mainly 
medium 
quartz sand 

6-7 Cream and 
buff very 
coarse, 
coarse, 
medium and 
fine quartz 
sand 

3.5-
4 

Cream 
coarse quartz 
sand 

4.5-
5.5 

Brown very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

2.5-
3 

Colour 
mottled 
black and 
grey coarse 
to medium 
quartz sand 

5-6 Orange very 
coarse, 
mainly 
coarse and 
coarse to 
medium 
quartz sand 

  10-
12 

Orange very 
coarse, 
coarse, and 
medium 
quartz sand 

7-9 Grey very 
coarse 
mostly 
coarse quartz 
sand 

4-
4.5 

Cream 
coarse and 
coarse to 
medium 
quartz sand 

5.5-
6 

Buff coarse 
and mostly 
medium 
quartz sand 

3-
3.5 

Colour 
mottled buff 
and grey 
coarse to 
medium 
quartz sand 

6-
7.5 

White coarse 
and mostly 
medium 
quartz sand 
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Transect 7 
(m)  (m) T7F (m) T7E (m) T7D (m) T7C (m) T7B (m) T7A
  12-

13 
Colour 
mottled 
orange, 
cream, brown 
very coarse, 
coarse, 
mainly 
medium 
quartz sand  

9-10 Grey muddy 
very coarse 
and coarse 
sand 

4.5-
5 

Cream 
coarse quartz 
sand 

6-
6.5 

Brown very 
coarse, 
mainly 
coarse quartz 
sand 

3.5-
4 

Colour 
mottled 
cream and 
grey coarse 
to medium 
quartz sand 

7.5-
8.5 

White coarse 
to medium 
muddy sand 

  13-
15 

Orange 
coarse, 
mainly 
medium 
quartz sand 

10-
11 

Grey very 
coarse, 
mostly 
coarse quartz 
sand 

5-
5.5 

Cream very 
coarse and 
mainly 
coarse sand 

6.5-
8 

Colour 
mottled 
cream and 
buff very 
coarse, 
mainly 
coarse quartz 
sand 

4-5 Cream 
coarse to 
medium 
quartz sand 

8.5-
9 

White coarse 
to medium 
quartz sand 

  15-
16 

Colour 
mottled 
orange, 
brown very 
coarse, 
coarse, and 
medium 
quartz sand 

11-
12 

Brown 
muddy very 
coarse, 
coarse, and 
mostly 
medium 
quartz sand 

5.5-
6 

Buff very 
coarse, 
mainly 
coarse and 
medium 
quartz sand 

8-9 Cream very 
coarse, and 
coarse to 
medium 
quartz sand 

5-6 White very 
coarse, 
coarse and 
mostly 
medium 
quartz sand 

9-
10 

Colour 
mottled white 
coarse to 
medium 
quartz sand 
and grey very 
coarse and 
coarse quartz 
sand 

  16-
19 

Orange 
coarse and 
medium 
quartz sand 

        10-
12 

White very 
coarse and 
mainly coarse 
quartz sand 
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Transect 7 
(m)  (m) T7F (m) (m) (m)  (m) (m)
  19-

20 
Orange, 
coarse quartz 
sand  

          

  20-
21 

Buff coarse, 
mainly 
medium 
quartz sand 

          

  21-
22 

Grey coarse, 
mainly 
medium 
quartz sand 

          

  22-
23 

Buff coarse, 
to medium 
quartz sand 

          

  23-
24 

Brown 
muddy 
coarse sand 

          

  24-
25 

Texture 
mottled 
brown 
muddy 
coarse sand 
and brown 
coarse, 
mainly 
medium 
quartz sand 
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Transect 7 
(m)  (m) T7F (m) (m) (m)  (m) (m)
  25-

26 
Brown very 
coarse and 
coarse quartz 
sand 

          

  26-
27 

Texture 
mottled 
brown 
muddy 
coarse to 
medium 
sand and 
brown 
coarse quartz 
sand 
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Transect Lower Swamp 
(m) T2F 

AHD 17.61 
m 

(m) TT2F sth 1 
AHD 16.1 m 

(m) T2F sth 2 
AHD 14.57 
m 

(m) Lower 
Swamp 
centre AHD 
14.57 m 

(m)  (m)  (m)  

0-1 Buff very 
coarse, and 
coarse quartz 
sand 

0-
0.5 

Grey very 
coarse, 
mostly 
coarse, and 
medium 
quartz sand 

0-
0.5 

Black OME 
phytolithic, 
diatomaceou
s mud 

0-
0.25 

Dark grey 
OME 
phytolithic, 
diatomaceous 
sandy mud 

      

1-2 Cream very 
coarse, and 
coarse quartz 
sand 

0.5-
1 

Buff very 
coarse, 
coarse, 
mostly 
medium 
quartz sand 

0.5-
1 

Buff 
phytolithic, 
diatomaceou
s muddy 
sand 

0.25
-0.5 

Grey OME 
phytolithic, 
diatomaceous 
mud 

      

2-3 Cream very 
coarse, 
mainly coarse 
and medium 
quartz sand 

1-3 Cream very 
coarse, 
mostly 
coarse, and 
medium 
quartz sand 

1-
1.5 

Buff very 
coarse, and 
coarse quartz 
sand 

0.5-
1 

Colour 
mottled grey 
and white 
diatomaceous 
phytolithic, 
mud 

      

3-4 Cream very 
coarse, 
coarse and 
mainly 
medium 
quartz sand 

3-
4.25 

Buff very 
coarse, 
mostly 
coarse, and 
medium 
quartz sand 

1.5-
2.5 

Cream very 
coarse, 
mainly coarse 
quartz sand 

1-
1.8 

White 
diatomaceous 
phytolithic, 
mud 
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Transect Lower Swamp 
(m) T2F 

AHD 17.61 
m 

(m) TT2F sth 1 
AHD 16.1 m 

(m) T2F sth 2 
AHD 14.57 
m 

(m) Lower 
Swamp 
centre AHD 
14.57 m 

(m)  (m)  (m)  

4-5 Colour 
mottled 
brown and 
cream very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

4.25
-4.5 

Dark brown 
iron coated 
very coarse, 
coarse, 
mainly 
medium 
quartz sand 

2.5-
3 

Colour 
mottled buff, 
grey and 
cream very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

1.8-
2 

Colour 
mottled 
white and 
grey 
diatomaceous 
and kaolin, 
sandy mud 

      

5-6 Colour 
mottled grey 
and cream 
very coarse, 
coarse, and 
mainly 
medium 
quartz sand 

4.5-
5 

Colour 
mottled 
brown and 
buff very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

3-
3.5 

Grey muddy 
coarse sand 

        

6-7 Grey very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

5-
5.5 

Colour 
mottled grey 
and buff 
very coarse, 
mainly 
coarse, and 
coarse to 
medium 
quartz sand 

3.5-
4 

Grey very 
coarse, 
mainly 
coarse, 
quartz sand 
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Transect Lower Swamp 
(m) T2F (m) T2F sth 1 (m) T2F sth 2 (m) (m)  (m) (m)
7-8 Grey very 

coarse, 
coarse, 
mainly 
coarse to 
medium, and 
medium 
quartz sand 

5.5-
6 

Colour mottled 
grey and buff 
very coarse, 
coarse, and 
mainly 
medium quartz 
sand 

4-4.5 Grey very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

        

8-9 Grey very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

6-
6.5 

Dark grey 
slightly muddy 
mainly coarse 
quartz sand 

4.5-
5.5 

Grey very 
coarse, 
coarse, 
mainly 
coarse to 
medium, 
and 
medium 
quartz sand 

        

  6.5-
7.5 

Dark grey very 
coarse, coarse, 
and mainly 
coarse to 
medium quartz 
sand 

5.5-6 Grey very 
coarse, 
mainly 
coarse, and 
medium 
quartz sand 

        

  7.5-
8 

Colour mottled 
grey and cream 
very coarse, 
mainly coarse, 
and medium 
quartz sand 
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Transect Lower Swamp 
(m) T2F (m) T2F sth 1 (m) T2F sth 2 (m) (m)  (m) (m)
  8-9 Grey very 

coarse, 
mainly 
coarse, and 
medium 
quartz sand 
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Additional sites 
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Additional sites 
(m) A 

16.17 AHD 
m 

(m) B 
16.09 AHD 
m 

(m) C 
16.76 AHD 
m 

(m) D 
17.60 AHD 
m 

(m) E 
21.12 AHD 

(m) F 
17.60 AHD 

(m) G 
17.74 AHD 

(m) H 
16.90 AHD 

0-
2.5 

Road fill 0-1 Cream 
coarse and 
medium 
quartz sand 

0-1 Brown 
humic 
mainly 
medium 
quartz sand 

0-2 Cream 
coarse and 
medium 
quartz sand 

0-1 Colour 
mottled 
yellow and 
cream 
coarse and 
medium 
quartz sand 

0-1  Humic sand 0-2 Colour 
mottled buff 
and grey 
coarse and 
medium 
quartz sand 

0-
2.5 

Texture 
mottled 
brown 
muddy (fine 
grained 
opaline 
silica hash) 
sand and 
quartz sand 

2.5-
3 

Organic 
matter 
enriched 
(OME) 
diatomaceou
s muddy 
sand 

1-
2.5 

Brown very 
coarse, and 
medium 
quartz sand 

1-
3.5 

Buff mainly 
medium 
quartz sand 

2-3 White 
mainly 
medium 
quartz sand 

1-5 Orange 
mainly 
medium 
quartz sand 

1-
2.5 

Colour 
mottled grey 
and buff 
coarse and 
medium 
quartz sand 

2-4 Grey mainly 
medium 
quartz sand 

2.5-
3 

Buff mainly 
medium 
quartz sand 

3-4 Grey fine 
quartz sand 

2.5-
3.5 

Buff coarse 
and medium 
quartz sand 

3.5-
5 

Ferricrete 3-4 Cream 
mainly 
medium 
quartz sand 

5-
5.5 

Pale yellow 
mainly 
medium 
quartz sand 

2.5-
3 

Ferricrete 4-9 Brown 
muddy 
(organic 
matter, 
opaline 
silica hash 
comprising 
sponge 
spicules, 
diatoms, 
phytoliths, 
quartz silt) 
quartz sand 

3-4 Colour 
mottled buff 
and grey 
coarse and 
medium 
quartz sand 
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Additional sites 
(m) A (m) B (m) C (m) D (m) E (m) F (m) (m) H 
4-5 Dark grey 

fine quartz 
sand 

3.5
-
4.5 

Ferricrete 5-6 Buff 
mainly 
medium 
quartz sand 

4-5 Ferricrete 5.5
-6 

White 
mainly 
medium 
quartz sand 

3-4 Colour 
mottled 
orange and 
brown 
coarse and 
medium 
quartz sand 

  4-6 White 
mainly 
medium 
quartz 
sand 

5-
6.5 

Grey fine 
quartz sand 

4.5
-5 

Iron 
cemented 
quartz sand 

6-8.5 Buff 
mainly 
medium 
muddy 
(opaline 
silica hash, 
phytoliths, 
quartz silt) 
quartz sand 

5-6 Brown 
mainly 
medium 
quartz sand 

6-7 Buff mainly 
medium 
muddy 
(opaline 
silica hash, 
kaolin, 
quartz silt) 
quartz sand 

4-5.2 Colour 
mottled 
brown and 
buff coarse 
and 
medium 
quartz sand 

  6-7 White 
slightly 
muddy 
sand 

6.5-
7 

OME 
diatomaceous 
muddy sand 

5-6 Brown 
coarse and 
medium 
quartz sand 

8.5-9 Colour 
mottled 
grey and 
buff mainly 
medium 
quartz sand 

5-
6.5 

Buff mainly 
medium 
muddy 
(opaline 
silica hash, 
quartz silt, 
iron oxide) 
quartz sand 

7-8 Cream 
mainly 
medium 
quartz sand 

5.2-6 Brown 
slightly 
muddy 
(opaline 
silica hash, 
phytoliths, 
quartz silt, 
iron oxide) 
sand 

  7-9 White 
mainly 
medium 
quartz 
sand 

7-9 Grey fine 
quartz sand 

6-
6.5 

Brown 
muddy 
coarse and 
medium sand 

  6.5
-7 

Cream 
mainly 
medium 
quartz sand 

8-9 Buff mainly 
medium 
muddy 
quartz sand 

6-9 Grey 
mainly 
medium 
muddy 
quartz sand 
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Additional sites 
(m)  (m) B (m) (m) D (m) (m) (m) (m)
  6.5

-9 
Grey coarse 
and medium 
quartz sand 

  7-
7.5 

Cream 
mainly 
medium 
muddy 
quartz sand 

        

      7.5
-9 

Cream 
mainly 
medium 
quartz sand 
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Appendix 7  VCSRG Technical Report Glossary 

  



Term Definition

Aeolian Sediments deposited by wind

Annulus The void between the piezometer and surrounding  intact soils

Consanguineous Linked together through features and processes

Delivery Zone Where groundwater is delivered to the project area through Bassendean Sands

Diagenesis
The characterisation of  chemical and physical processes that alter sediments  during the time between 
deposition and final lithification (compaction/cementation of sediment into rock)

Diatomite Sedimentary rock composed of the remains of diatoms (single-celled algae) that inhabit wetlands

Fill Refers to the accumulation of in-situ wetland sediments on the landform surface

Heterogeneous Having diverse composition

Homogeneous Having uniform composition

Hydrochemistry Chemical characteristsics of water

Hydrogeology Physical, biological and chemical properties of groundwater and its movement

Hydrology The study of movement, distribution and quality of water

Illuviation Deposit of materials (such as clay) by water from one horizon to another within the soil profile

Impoundment Zone Where groundwater delivered is impounded by less transmissive limestone in Spearwood Dunes

Interstitial In between

Intrabasinal The zone within the basin of wetlands

Lense Body of rock thick in the middle and thin at the edges that can be an aquifer

Lithological Study of rocks; the conditions in which they form, description and classification

Perturbate Where the motion of an object (water) is modified

Phreatic Relating to groundwater

Phytolith A small silica or mineral particle that occurs in plants

Piezometer An instrument that measures groundwater levels and estimates groundwater flows

Quartzose Sedimentary rock composed of quartz grains

Sponge spicules Skeletal elements of sponges that inhabit wetlands

Stratigraphy The study of rock layers and the layering process

Transmissive Allows the movement of water/sediment through a substrate

Vadose Zone of soil between the land surface and the saturated zone
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ROE HIGHWAY EXTENSION GROUNDWATER 

DEPENDENT ECOSYSTEMS INVESTIGATIONS 

1.0 RATIONALE FOR STUDY 

Measuring vegetation response to disturbances can provide estimation how an ecosystem 

can degrade and how it can subsequently be restored (Schroder, 2008).  Measurement of 

vegetation response to construction of Hope Road provides the opportunity to assess the 

impact of the road on vegetation structure, dominant species and weed incursion. 

Hope Road is an access road between Bibra Lake Drive and Progress drive and is between 

0m and 305m south of the proposed construction boundary. It is approximately 22m wide 

with total disturbance area, between vegetated edges of firebreaks. Interpretation of aerial 

photography taken in 1948 (AECOM, 2010) suggests the Hope Rd fragmented an area of 

intact Banksia woodland that appeared to be of similar structure north and south of Hope Rd 

at the time. The remaining area of Banksia Woodland north of Hope Road will be further 

fragmented by the construction of the Roe Highway Extension Project.  The road was 

constructed more than 50 years ago so provides the potential to predict minimum long term 

impacts of the construction of the Roe Highway Extension and restoration potential.  

The purpose of this study was to assess current ecosystem responses to the presence of 

Hope Road and use this to infer the most likely minimum disturbance responses that will 

result from the construction of the Roe Highway extension. 

1.1 STUDY APPROACH 

The study considered the following; 

 Extent of weed incursion 

 Age Structure of dominant overstorey species 

The transect length and locations was designed to assess disturbance spatially in distance 

away from Hope Road and along Hope Road. 

2.0 FIELD WORK 

The fieldwork was conducted by; Narelle Mewburn (Restoration Ecologist, Collecting Licence 

no SL008809), Anita Cole (Environmental Scientist, Collecting Licence no: SL008804), Rada 

Tomanovic (Environmental Scientist, Collecting Licence no: SL008803) and Sandra Santich 

(Senior Botanist, Collecting Licence no: SL008805). Fieldwork was undertaken on the 6 July 

and 3 August 2010. 
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ROE HIGHWAY EXTENSION GROUNDWATER 

DEPENDENT ECOSYSTEMS INVESTIGATIONS 

2.1 WEED INCURSION SURVEY 

Weed incursion was assessed using methods previously used by Syrinx and approved by the 

Department of Environment and Conservation (DEC) during previous surveys (Syrinx 

Environmental, 2005).  Transect locations were based on the location of sub-communities 

that will be impacted by the construction of the proposed Roe Highway Extension.  

The access track for the Western Power Transmission Lines was used as it provided the 

opportunity to assess the impact of a minor track between 4 and 10m wide. 

Data was recorded along Hope Road to demonstrate the effect of a road 10m wide has on 

weed incursion. 

Transects started at the end of the track or road with plots located at areas of change in 

vegetation condition until weed cover was 0% (Figure 1). The distance between changes in 

condition was also recorded. The condition scale used is shown in Table 1. 

 

 

 

 

Figure 1 Example of transect with plots (showing nest of plots in northwest 

corner) 

  

Poor Good Excellent 
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DEPENDENT ECOSYSTEMS INVESTIGATIONS 

Table 1 Condition Scale (Keighery, 1994) 

Vegetation 

Condition 

Description 

Pristine No obvious signs of disturbance 

Excellent 
Vegetation structure intact, disturbance affecting individual 

species, weeds are non-aggressive species 

Good 
Vegetation structure and ability to regenerate is retained, signs 

of disturbance observed  

Poor 
Basic vegetation structure and regenerative ability retained, 

obvious signs of disturbance 

Degraded Basic vegetation structure severely impacted by disturbance 

 

Nested plots were used; all plots were placed in the same orientation with a permanent 

marker on the northwest corner (Figure 1). All nested plots were located in the northwest 

corner of the plot.  Density of weed tree species was recorded in the 10x10m plot, weed 

shrub species in the 5x5m plot and weed herb species in the 2m x2m plot. 

Percentage cover was recorded as a rank of canopy/ surface cover for each lifeform and 

stratum, modified from Muir (1997). 

Dense = 100 - 70% 

Moderately Dense = 70 - 50% 

Moderate = 30 - 50 % 

Sparse = 30 - 10% 

Very Sparse = 10 - 2% 

Percentage cover was used instead of density as the measurement of weed density may 

provide confusing results. For example, measuring high numbers of seedlings of Blowfly 

grass (Briza maxima) in a location would show a result of high density, but the weed cover 

recorded would be low and it would not be a management issue. 



 

syrinx environmental pl                          September 2010                                                    7 

ROE HIGHWAY EXTENSION GROUNDWATER 

DEPENDENT ECOSYSTEMS INVESTIGATIONS 

Lifeform types (Table 2) used were based on previous weed management experience on site 

to provide useful comparable information. Descriptions adapted from Paczkowska and 

Chapman (2000).  

Table 2 Lifeform Types (Paczkowska and Chapman, 2000). 

Lifeform Description 

Annual 

Herb 

Any plant that doesn’t produce a woody stem and whose life 

span ends within one year of germination 

Annual 

Sedge 

Any Cyperaceae/ Restionaceae / Centrolepidaceae whose life 

span ends within one year of germination 

Perennial 

Sedge 

Any Cyperaceae/ Restionaceae whose life span extends over 

more than two growing seasons 

Annual 

Grass 

Any Poaceae whose life span ends within one year of 

germination 

Perennial 

Grass 

Any Poaceae whose life span extends over more than two 

growing seasons  

Shrub 
A woody plant less than 5m high, either without a distinct axis 

or with branches persisting on the main axis almost to its base 

Tree 
A woody plant at least 5m high, with a main axis the lower part 

of which is usually unbranched 

GPS locations for the start of each weed transect was recorded. Native species were not 

recorded. 

2.2 AGE STRUCTURE SURVEY 

A 100m transect line was established at two locations (Appendix 1) from the edge of the 

firebreak adjacent to Hope Road and extending into Banksia woodlands.  Numbers of 

seedlings, juveniles and adult Banksia species were recorded within a 6m wide band 

representing 600m2 of survey area for each transect.  

Banksia species were separated into seedlings, juveniles and adults (Table 3) below. 
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ROE HIGHWAY EXTENSION GROUNDWATER 

DEPENDENT ECOSYSTEMS INVESTIGATIONS 

Table 3 Age Class Categories 

Type Seedling Juvenile  Adult 

Banksia attenuata < 1m height and no 

evidence of previous 

flowering/fruiting 

≤ 25 cm diameter of 

trunk at 1.5m height 

≥  25 cm diameter of 

trunk at 1.5m height 

Banksia ilicifolia < 1m height and no 

evidence of previous 

flowering/fruiting 

≤ 25 cm diameter of 

trunk at 1.5m height.  

≥ 25 cm diameter of 

trunk at 1.5m height 

Banksia menziesii  < 1m height and no 

evidence of previous 

flowering/fruiting 

≤ 25 cm diameter of 

trunk at 1.5m height 

≥ 25 cm diameter of 

trunk at 1.5m height 

  

2.2.1 Data analysis 

Data was input into a Microsoft Excel spreadsheet. Data was summarised and used to 

illustrate field observations in the form of schematic figures for weed incursion and age 

structure. 
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ROE HIGHWAY EXTENSION GROUNDWATER 

DEPENDENT ECOSYSTEMS INVESTIGATIONS 

3.0 RESULTS 

3.1 AGE STRUCTURE 

Age structure data was collected at two locations along 100m transects, the data recorded is 

shown in Table 4 and illustrations of these two transects are shown in Figure 2 and Figure 3. 

Figure 2 below shows a cross-section of Banksia woodland where age structure was 

recorded for seedlings, juveniles and adults of Banksia attenuata and Banksia menziesii. At 

0m – 20m (closest to Hope Road) there were six seedlings, four juveniles and eight adults. 

Within 20-60m into the bushland two seedlings, one juvenile and seven adults were 

recorded. At 60 – 100m into the Banksia Woodland 11 seedlings, 17 juveniles and six adult 

trees were recorded. This shows an increase in recruitment at both ends of the transect (i.e.  

within the disturbance zone and within the bushland of good condition.  Banksia menziesii is 

found recruiting at the disturbance end where as Banksia attenuata is found recruiting within 

the good bushland area. 

Figure 3 below shows a cross-section of Banksia woodland where age structure of three 

Banksia species was recorded (Banksia ilicifolia, Banksia menziesii, and Banksia attenuata). 

Where weed cover is highest (80%) (closest to Hope road) no seedlings, one juvenile and 

three adults were recorded. At 10m to 80m where weed cover is 30%; four seedlings, four 

juveniles and 17 adults was recorded. From 80-100m where weed cover is lowest (0%) one 

seedling, one juvenile and nine adults was recorded. 

Table 4 Age Structure Data 

 
Transect 1 Transect 2 

Banksia menziesii/ B. attenuata 
woodland 

Banksia ilicifolia/ B. menziesii/ B. 
attenuata woodland 

Distance Adult Juvenile Seedling Adult Juvenile Seedling 
1-10 2 1 6 3 1 0 
10-20 6 3 0 2 0 0 
20-30 1 0 0 1 0 1 
30-40 4 0 0 3 0 1 
40-50 2 0 1 4 1 0 
50-60 0 1 1 1 0 0 
60-70 2 5 4 3 1 2 
70-80 3 9 6 3 2 0 
80-90 1 1 1 4 1 0 
90-100 1 2 0 5 0 1 

Total 22 22 19 29 6 5 
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Figure 2 Transect 1 Age Structure of Banksia species 
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Figure 3 Transect 2 Age Structure of Banksia species. 
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3.2 WEED INCURSION 

A total of 11 transects were established (Appendix 1) three along Hope Road and the eight 

along the proposed Roe Highway Extension. Weed incursion transects were established in 

GDE sub-communities 1, 4, 17, 21, 22, and 57. The broader communities include Banksia 

woodlands, Kunzea glabrescens closed tall scrub and Eucalyptus rudis tall closed forest and 

Melaleuca preissiana closed forest.  

3.2.1 Northern Powerline Track 

In dryland GDE sub-communities weed cover was <25% up until 15m from the 10m wide 

track and beyond this <1% of weed cover was recorded. Typical weed species include 

Ehrharta calycina, Ehrhata longiflora, Hypochaeris glabra and Zantedeschia aethiopica, 

In wetland GDE sub-communities weed cover was <10% up until 4m from the 3m wide track 

and beyond this <1% of weed cover was recorded. Typical weed species included 

Hypochaeris glabra, Chloris sp. and Lotus sp.  

In the Kunzea glabrescens closed tall scrub weed cover was <5% up until 9m from the 10m 

wide track and beyond this <1% of weed cover was recorded. Beneath the closed tall scrub a 

high cover of leaf litter minimised weed incursion potential. Weed species recorded included 

Crassula sp. and Hypochaeris glabra. 

3.2.2 Hope Road 

In dryland GDE sub-communities weed cover was <80% up until 10m, then 30% up until 80m 

away from Hope Road. Beyond this <1% of weed cover was recorded. Grass species were 

the common weed species within this area and included Ehrharta calycina and Ehrhata 

longiflora.  
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Figure 4 Weed cover
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4.0 DISCUSSION 

The construction of Hope Road greater than 60 years ago has had a major impact in 

condition of bushland in regards to weed incursion and age structure. 

There was recruitment of Banksia species on the northern side of Hope road. The 

difference was at a species level where Banksia menziesii recorded recruitment in 

areas of varying weed cover, whilst Banksia attenuata showed no recruitment in areas 

of high weed, recruitment was recorded in areas in good condition or above. Banksia 

ilicifolia recruitment had been observed during the surveys for weed incursion however 

it was not captured in the transects. 

The larger disturbance width of Hope Road has resulted in weed incursion at a further 

distance (80m) into the Banksia Woodland compared to the powerline track (30m). 

Wetland communities had a lower percentage of weed cover when compared to the 

dryland communities. This was due to the difference in density of the vegetation and 

the sandy soils of the Banksia woodlands being more suitable for grassy species. 

Weed cover was highest in areas immediate to tracks and roads and then reduced in 

cover away from disturbance.  

Introduced weeds along the margins of the road corridor encroach for approximately 

80m into the natural environment and their effect ranges from severe (80%) to 

manageable (30%).  The proposed Roe Highway Extension will amplify these effects.  

In terms of effects of weeds and the requirement for buffers on either side of the road, 

there can be expected to be a minimum of 80m of weed invasion on either side of the 

road based on the Hope Road effects, and more realistically perhaps 75-100 m of 

weed invasion with the large proposed road.  

The width of remaining Banksia woodland in very good condition with low weed cover 

is between 85 and 110m and is 3.13ha.  The cumulative impacts of both Hope Road 

and the Roe Highway Extension project would result in increased weed cover 

throughout the entire area. The weeds present are Ehrharta spp. known to be very 

aggressive species that replace non- resilient shrub and herb species currently present 

in the areas of <1% weed cover such as Austrostipa spp and Orchidaceae spp. 

The main points are: 

 The construction of Hope Rd has resulted in changed species dominance with 

the main difference being a higher diversity north of Hope Rd.  North of Hope 

Road has been more resilient possibly due to preferable geochemical conditions 

in this area 
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 Banksia attenuata seedlings were more common in area of high weed cover, 

while Banksia menziesii seedlings were more common in areas of low weed 

cover (<10%). This suggests an increase in weeds could mean a change in 

composition from a mixed woodland to a Banksia attenuata woodland. 

 Weed cover incursion increase with size of disturbance with a 20m wide Hope 

Road resulting in an 80m of weed incursion in Banksia woodlands. A smaller 

track of <10m resulted in 35m weed incursion. 

 

The Hope Road Study suggests a 40m wide corridor proposed for the Roe 

Highway Extension Project would result in all of the Banksia Woodland 

North of Hope Road being impacted by at least 30% weed cover. The 

increase in weed cover may give the Banksia attenuata more preferable 

conditions for recruitment compared to Banksia menziesii and a change in 

composition to a Banksia attenuata dominated system may occur over time.  
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