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Summary 
The Department of Water is undertaking water allocation planning in the South West 
region and aims to produce a Sub-Regional Groundwater Allocation Plan for the 
Bunbury, Busselton-Capel and Blackwood groundwater areas. Investigations to 
support the plan began when Water Corporation applied for a groundwater licence 
for 45 GL/yr from the Yarragadee aquifer in 2003. A groundwater allocation plan is 
necessary to assess Water Corporation’s licence application and oversee 
development of the South West’s groundwater resources. 

As part of the planning, the Department must identify the important groundwater-
dependent ecological values of the study area and determine the water regimes 
required to maintain those values at a low risk level. 

This determination of ecological water requirements (EWRs) is one of the primary 
factors considered in assessing various groundwater allocation options. The outcome 
from this process will inform an environmental water provision (EWP) and an 
allocation limit in the allocation plan. 

While the number and the geographic extent of groundwater-dependent ecosystems 
(GDEs) in the South West groundwater areas is very large, the level of groundwater-
dependence and the conservation significance of the ecosystems vary greatly. In 
addition, depending on the nature of the geological formation on which they lie, some 
groundwater-dependent ecosystems may be affected only by local changes in water 
regimes, while others may be affected by changes within aquifers at great depth and 
many kilometres away.  

In the South West, the three aquifers that most groundwater users tap into are the 
superficial, Leederville and Yarragadee aquifers. All of these aquifers support 
groundwater-dependent ecosystems. 

The superficial aquifer extends across the Swan and Scott coastal plains and 
extracting water from it may affect GDEs within those areas, depending on the 
magnitude of the extraction and its proximity to dependent ecosystems. 

The Leederville aquifer is present across most of the Bunbury, Busselton-Capel and 
Blackwood groundwater areas.  Most of the current use from this aquifer occurs on 
the Swan Coastal Plain.  The less permeable nature of the Leederville aquifer 
provides lower bore yields but also offers some protection to GDEs from groundwater 
level changes by muting the transmission of impacts through the aquifer.  However, 
in some areas dependent ecosystems may still be affected by Leederville aquifer 
abstraction.  

The Yarragadee aquifer is deeper and also present across most of the South West 
groundwater areas. In most areas impacts to GDEs are prevented or inhibited by 
other more impermeable aquifers, aquitards or aquicludes that lie between 
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Yarragadee and groundwater-dependent ecosystems on the land surface, such as 
the Leederville aquifer. 

Exceptions to this are: 

• part of the Blackwood River valley, where the Yarragadee Aquifer is close to 
the surface and directly supports wetland and river systems; and 

• parts of the Swan and Scott coastal plains, where the aquifers that lie above 
Yarragadee do not present an effective barrier to prevent changes in 
Yarragadee being transferred to the water table at the surface. 

These areas are more at risk from the effects of groundwater abstraction. They have 
been the focus of investigations into ecological values and ecological water 
requirements since 2003. This report brings together the information that has been 
collected and summarises the ecological water requirements currently recommended 
for numerous groundwater-dependent ecosystems in the South West.  

As part of the ecological water requirements work, locations at greater risk of 
potential impacts from existing and proposed groundwater allocations were targeted 
for more detailed, site-specific EWR work, while in other areas only desktop work 
was carried out, with a view to doing more detailed work later. 

The desktop work was conducted by the Department on the Swan coastal plain, 
western Scott coastal plain and parts of the Blackwood Plateau. High conservation 
value, representative wetlands and areas of terrestrial vegetation were chosen as 
GDE reference sites through a selection process that used wetland and vegetation 
mapping information together with an analysis of aerial photography.   

Current knowledge of vegetation response to drawdown was used to recommend 
ecological water requirements as maximum allowable drawdowns from a baseline 
level at the selected wetland and terrestrial vegetation reference sites. These 
maximum drawdown criteria ranged between 0.25 m for wetlands and 0.5 m for 
maintenance of terrestrial and riparian vegetation at a low level of risk.  These values 
are being used as inputs in the numerical groundwater modelling to test whether or 
not they can be met under various scenarios of future groundwater use and climate 
change. 

In other work, specialist consultants carried out site-specific studies at selected sites 
on the southern Blackwood Plateau and eastern Scott coastal plain for a more 
comprehensive determination of ecological water requirements. This work enabled 
comparison of preferred water level ranges of common wetland and terrestrial 
vegetation species with the actual water levels and vegetation species at each site. It 
identified whether the dominant and/or most sensitive species at a site were existing 
within or outside their known preferred water-level range and whether the vegetation 
was showing any signs of stress or impact. 
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Following this analysis, an ecological water requirement was recommended for each 
site as a preferred minimum water level – measured at a shallow piezometer at the 
site.  The recommended EWR varied across the sites; at some sites there was up to 
a 1.75 m buffer between the recommended water level and the 2005 summer 
minimum, while at one of the wetland sites there was only a 0.14 m difference 
between the 2005 level and the recommended EWR. Again, these results are being 
used as inputs into the numerical groundwater modelling to test the effect of future 
groundwater use scenarios. 

Site-specific ecological work was also carried out at the Blackwood River and some 
of its tributaries. The objective was to identify the key ecological values and to 
propose flow requirements at specified locations and times to protect them. Initial 
work during the high flow season lacked hydraulic and hydrological data at critical 
points, producing inadequate EWRs. Subsequent ecological and hydrological work 
has improved this information, identifying in-stream ecological values, critical habitat 
areas and the environmental factors that influence these. It is anticipated that 
recommendations on flow requirements will be made by mid-2007. 

Work is continuing to refine the ecological water requirements in areas where studies 
have already been undertaken and to determine EWRs in other areas where there is 
currently little or no information. The EWR information, together with the results of 
other social and economic studies and community preferences, will be used to help 
develop environmental water provisions for the South West groundwater areas. 

It is envisaged that the environmental water provisions will be in the form of: 

• maximum variation in water level at a GDE from a reference point; 

• maximum rate of water level change for selected wetlands and terrestrial 
vegetation; and 

• minimum flows and/or river stage heights for selected river systems. 

Other criteria such as soil moisture, water quality and ecological criteria may also be 
established at specific reference points. 

The environmental water provision (EWP) criteria will be included in the new 
groundwater allocation plan that is currently being prepared for the Bunbury, 
Busselton-Capel and Blackwood groundwater areas. Establishment of environmental 
water provisions will enable revision of current water allocation limits across the three 
groundwater areas as maintaining the EWPs will determine the amount of 
groundwater that can be taken annually.  The EWP criteria and revised allocation 
limits in the new allocation plan will set the context for groundwater use in the south-
west region over the next decade and beyond. 

Once the allocation plan has been approved by the Minister for Water Resources, the 
Department will manage the groundwater resource at a regional scale through 
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monitoring and constraints on allocation, and at a site scale through individual licence 
conditions.  The plan is due to be released for public comment in 2007.  
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1. Introduction 

1.1 Aims of this report 

The aims of this report are to: 

• Summarise the work done to date in identifying groundwater-dependent 
ecosystems and determining their ecological water requirements in the 
Bunbury, Busselton-Capel and Blackwood groundwater areas.  

• Outline any limitations of the information and where further work is required. 

• Describe how the ecological water requirement information summarised in this 
report fits into the current groundwater allocation planning process for the 
South West groundwater areas. 

 

1.2 Background 

Groundwater use in the South West groundwater areas 

The Yarragadee aquifer has been the preferred source of groundwater for private 
users and water service providers in the South West groundwater areas for several 
decades. 

The aquifer extends across the Blackwood, Busselton-Capel and Bunbury 
groundwater areas (Figure 1), but is bounded to the west by the Dunsborough Fault 
and to the east by the Darling Scarp. 

It is favoured as a water source because it is consistently high yielding and contains 
very fresh, high quality water. 

Approximately 45 GL/yr is currently pumped from the Yarragadee aquifer, with 
approximately another 35 GL/yr licensed to be taken but not currently used. Most of 
the existing users are on the Swan and Scott coastal plains, with only a small amount 
of abstraction from the Blackwood Plateau as the land use in this area is largely 
State Forest and National Park.  

Water has also been taken from the superficial and Leederville aquifers by private 
users for many years. The superficial aquifer is on the Swan and Scott coastal plains, 
so use of this aquifer is limited to these areas. The superficial aquifer is not as high 
yielding as the Yarragadee and has more variable water quality, but its shallow depth 
to water table means that less drilling is required and it is therefore cheaper to 
access. Approximately six GL/yr of superficial aquifer water is currently used, with a 
further two GL/yr licensed to be taken, but not currently being accessed. 
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The Leederville aquifer occurs over much of the South West groundwater areas but 
due to its low yields and variable water quality it is not a favoured water source. 
Approximately 16 GL/yr is currently being taken from the Leederville Aquifer, with a 
further 11 GL/yr already licensed to be taken, but not currently being utilised. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The area encompassed by Bunbury, Busselton-Capel and Blackwood 
groundwater areas for which groundwater allocation planning is being 
undertaken. 
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Understanding risk to the environment from groundwater abstraction 

In 2003, Water Corporation applied for a groundwater licence to take 45 GL/yr from 
the Yarragadee aquifer in the South West region. While the water was proposed to 
be taken from the Blackwood groundwater area, the proposed abstraction would 
affect the Yarragadee aquifer in the Bunbury and Busselton-Capel groundwater 
areas and could also have an adverse impact on groundwater-dependent 
ecosystems supported by the Yarragadee aquifer in these areas. 

At that time, there was no groundwater management plan for the Blackwood 
groundwater area, and the management plans for the Bunbury and Busselton-Capel 
groundwater areas contained insufficient information to assess such a large licence 
adequately. As the 45 GL/yr request was a significant portion of the likely sustainable 
yield of the aquifer, a decision could not be made on the licence without considering 
the future water requirements of the region. 

A substantial groundwater investigation and drilling program began and other broad 
scale social, economic and environmental studies were initiated to assist in revising 
the existing allocation limits. 

These studies improved understanding of the region’s hydrogeology and identified 
the areas likely to be affected the most by groundwater pumping from the 
Yarragadee and other aquifers. 

The Yarragadee is generally deep and separated from surface features by thick 
sections of the Leederville and other formations, which prevent or inhibit changes in 
the Yarragadee being transferred to the water table at the surface. 

However, in some locations, the Yarragadee is closer to the surface, or the formation 
above it is only thin or very transmissive; so, in these areas, changes in the 
Yarragadee aquifer are likely to affect groundwater-dependent surface features such 
as wetlands and river baseflow systems. This occurs on parts of the Swan and Scott 
coastal plains and in a section of the Blackwood River valley between Milyeannup 
and Layman Brooks. 

In mapping groundwater-dependent ecosystems and assessing their values, these 
areas needed more detailed assessment due to their greater risk of impact.  

The superficial aquifer is a shallow, transmissive aquifer that occurs on the surface of 
the Swan and Scott coastal plains. The groundwater within the superficial is often 
found close to the surface and therefore many of the wetlands and vegetation 
complexes found on the superficial aquifer on the coastal plains are groundwater-
dependent. Changes in the water regime within the superficial (such as through 
pumping) can affect the values of the dependent ecosystems, so it was important to 
map and assess the values of and risk to the GDEs in the areas of existing or likely 
future abstraction from the superficial on the coastal plains.  
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The Leederville aquifer is another major formation that occurs over the majority of the 
South West groundwater areas. As previously mentioned, its variable, low-yielding 
properties do not make it a favourable water source for groundwater users. However, 
its generally low permeability also serves to buffer the ecosystems that depend on 
the Leederville aquifer from impacts caused by changes to the water regime.  

Therefore, it is considered that, in general, GDEs in areas where the Leederville 
aquifer is present, particularly where it is very thick, are at lower risk of impact from 
groundwater abstraction either from the Leederville itself or from underlying aquifers. 
There are likely to be exceptions to this rule; therefore, it is important to investigate 
further the high value GDEs in Leederville areas where there is uncertainty regarding 
the degree of groundwater dependence and the risk from groundwater abstraction. 
For example, the Margaret River, Reedia wetlands and some Threatened Ecological 
Communities on the coastal plains are systems that may fall into this category. 

The initial hydrogeological investigations and groundwater modelling that occurred 
following Water Corporation’s 45 GL/yr licence application helped to identify the 
areas most at risk of water table drawdown from both Water Corporation’s proposal 
and potential growth in regional groundwater use. 

The ecological work: 

• furthered the mapping of potential groundwater-dependent ecosystems; 

• grouped GDEs into generalised ecosystem types and geographic regions; and 

• recommended generic maximum drawdown limits be assigned to them. 

By comparing the hydrogeological and modelling information with the ecological 
work, the GDEs likely to be most at risk from groundwater abstraction were broadly 
identified and information gaps highlighted where more work was required. 

This report brings together the results of the various ecological water requirement 
studies that have been conducted as part of the groundwater allocation planning 
work in the Blackwood, Bunbury and Busselton-Capel groundwater areas since 
Water Corporation’s licence application was received in 2003. 

 

1.3 Determining allocation limits and environmental 
water provisions 

The Environmental Water Provisions Policy for Western Australia (WRC 2000) 
outlines a framework by which water is retained in the environment to protect 
ecological values before decisions are made on how much water should be allocated 
for consumptive use.  
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A significant part of the water allocation planning process involves determining the 
ecological and social values of the area under consideration, and identifying the 
water requirements or water regimes needed to maintain those values at a low level 
of risk. 

These water requirements are termed ecological water requirements and social 
water requirements.  

Once water requirements have been determined, the potential impact on these of 
future water use options can be assessed, usually through numerical modelling of 
allocation scenarios and analysis of modelling results. 

The community is involved throughout the planning process in: 

• the initial issues scoping; 

• identifying the relevant social, ecological and economic factors to be 
considered; 

• identifying the range of future allocation options; and 

• providing advice on how well the allocation options meet the range of social, 
environmental and economic objectives. 

Taking into account community and stakeholder preferences and its own 
assessment, the Department will recommend an allocation option that best meets the 
range of management objectives previously identified. 

Environmental water provisions and allocation limits form part of this 
recommendation in the draft allocation plan, which is then released for public 
comment.  Environmental water provisions generally take the form of water level 
criteria to be met at certain monitoring bores or flow criteria to be met at points on a 
river, but may include other broader environmental criteria.  An allocation limit is the 
maximum annual volume of water that the Department may licence to be taken from 
a groundwater area or surface water basin.  

The proposed environmental water provisions may meet the ecological and social 
water requirements in part, or in full. If the proposed environmental water provisions 
and allocation limits have the potential to cause significant environmental impacts, 
these are required to be assessed by the Environmental Protection Authority. The 
Minister for the Environment may specify the ecological values that must be 
protected and/or any requirements for further investigation. These directives must be 
accounted for in the final allocation plan.  
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2. High value groundwater-dependent 
ecosystems in the South West 

2.1 Types of groundwater-dependent ecosystems 

One of the potential impacts as a result of human use of groundwater is changes to 
the natural environment. 

Ecosystems such as wetlands and vegetation may depend on the same water 
sources that we wish to tap into for our own water supplies. If enough of this water is 
pumped out of the ground and taken away from dependent systems, the health of the 
ecosystem may decline or collapse. 

Groundwater-dependent ecosystems can be divided (Clifton and Evans 2001; Hatton 
and Evans 1998) into six general types: 

• wetlands 

• terrestrial vegetation 

• river baseflow systems 

• cave and aquifer systems 

• terrestrial fauna 

• estuarine/near-shore marine systems. 

Of these, the three systems identified by the Department of Water as being the most 
susceptible to groundwater abstraction in the South West region are wetlands, some 
areas of terrestrial vegetation and some river base-flow systems. This is because 
these systems: 

• are the most widespread across the South West;  

• are most likely to be totally or highly dependent on groundwater (as they often 
occur where groundwater is close to the ground surface); and  

• lie on sedimentary aquifers that are used as water sources for irrigation and 
public water supply.  

Therefore, they are most likely to be affected by declining groundwater levels.  

Of the ecosystems that are dependent on groundwater, their degree of dependence 
may vary from total dependence (such as some wetlands or cave systems), to 
opportunistic dependence in times of drought (such as some areas of terrestrial 
vegetation). 



Environmental Water Report 3                                               A summary of investigations into EWRs for South West groundwater areas 

Department of Water                                                                                                                                                      11 

The type of impact that may occur if groundwater is taken away from dependent 
systems may also range from complete collapse to a slow change in species 
composition of the system. 

Slow changes may be hard to discern from natural variation within a system due to 
inter-annual differences in rainfall and temperature. 

The degree of impact on a groundwater-dependent system from groundwater 
pumping (Froend and Loomes 2004) will depend on: 

• its level of dependence on groundwater; 

• its susceptibility to changes in the groundwater regime; and 

• the rate and magnitude of the change in groundwater availability. 

As discussed in Section 1.2, the geology that underlies the groundwater-dependent 
ecosystem will largely determine to what extent that ecosystem is at risk from 
impacts caused by abstraction. 

Based on our current understanding of the hydrogeology of the region, the GDEs 
most at risk in the South West groundwater areas from current and proposed 
abstraction are: 

• wetlands and native vegetation in the parts of the Swan and Scott coastal 
plains where the Leederville aquifer is thin or absent; and 

• wetlands, riparian vegetation and river baseflow systems in those parts of the 
Blackwood River valley that are supported by discharge from the Yarragadee 
aquifer in summer. 

As knowledge of the hydrogeology improves and/or the location of future 
groundwater abstraction begins to change, groundwater-dependent ecosystems in 
other areas may start to assume higher levels of risk.  The western part of the 
Blackwood Plateau is one such area that will require careful monitoring to ensure 
important GDEs such as the Reedia wetlands are not affected by increasing 
groundwater use on the western Scott coastal plain. 

There are cave systems along the western coastal limestone areas between Cape 
Leeuwin and Cape Naturaliste. These areas are unlikely to be affected by 
groundwater pumping from the regional aquifers due to the flow barriers imposed by 
the fractured rock system in the area. However, local pumping may affect these cave 
systems and this should be assessed as part of any development proposal. 

Stygofauna (fauna, usually small crustaceans that live in groundwater systems such 
as caves and aquifers) have also been found in small numbers in bores sampled on 
the Scott and Swan coastal plains. However, not enough is known about stygofauna 
distribution, habitat and response to groundwater drawdown in these areas to assess 
the risk to them posed by future groundwater allocation scenarios.  
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Groundwater is thought to discharge a short distance offshore at Bunbury and also 
into the Flinders Bay area, but little is known about the dependence of the estuarine 
and near-shore marine systems on groundwater discharge in these areas. 

It is understood that these systems generally have a lesser dependence on 
groundwater than the inland systems and therefore are likely to be less susceptible to 
changes in groundwater discharge. 

Hatton and Evans (1998) indicated that most estuarine or marine systems only utilise 
groundwater to a limited extent, though some have been known to exhibit a response 
to changes in groundwater availability or quality (Froend and Loomes 2004).  

Most terrestrial fauna have a limited dependence on groundwater and it is thought 
that their requirements will most likely be met if the wetlands and vegetated areas 
that they use as habitat are protected. 

However, some specific fauna in the area, such as the orange-bellied and white-
bellied frogs (Geocrinia vitellina and G. alba), which are listed as ‘Vulnerable’ under 
the Environment Protection and Biodiversity Conservation Act 1999, depend on moist 
soils for their habitat and/or breeding and should be considered in determining 
ecological water requirements. These frogs inhabit the areas around Spearwood and 
Adelaide Creeks and the Reedia wetlands, which are located within areas of the 
Leederville formation, some distance from present groundwater use. 

Current understanding of the hydrogeology suggests that these areas are not 
immediately at risk of impact from groundwater abstraction and, to date, while 
hydrogeological and ecological work has been conducted by Water Corporation at 
the Reedia wetlands, ecological water requirements have not been recommended.  

However, growth in horticulture on the western Scott coastal plain may begin to have 
an effect on the Reedia areas in the future and therefore it will be important to 
establish ecological water requirements and environmental water provisions for these 
systems to protect the ecological values that may be at risk. 

 

2.2 Identification of potential groundwater-dependent 
ecosystems in the South West 

When Water Corporation proposed to take a significant amount of water from the 
Yarragadee aquifer, it was recognised that this may affect the water table in some 
areas and therefore the ecological systems that depend on it. 
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As no prior studies had been done to identify the groundwater-dependent 
ecosystems of the South West or determine their water requirements, it was 
necessary to undertake such work so as to better assess the potential impacts of 
both Water Corporation’s proposal and of current and future groundwater abstraction 
by private users.  

In the past, depth to groundwater information has helped to define areas of potential 
groundwater-dependence. This is because there is evidence to suggest that there is 
reduced reliance on groundwater by vegetation that exists in areas of >10 m depth to 
groundwater (Eamus et al. in press, in Froend and Loomes 2006). 

It is generally accepted that the greater the depth to groundwater, the less the 
reliance of the vegetation on the water table as a water source. 

Froend and Loomes (2006) list three main categories of phreatophytic (groundwater-
dependent) vegetation: 0-3m, 3-6m and 6-10m depth to groundwater, all of which are 
assumed to utilise groundwater to some extent. 

The highest groundwater usage is in the 0-3m and 3-6m categories. These depth 
categories can be used to help calculate the ecological water requirements of 
terrestrial vegetation.  

However, for a large part of the study area where the Leederville aquifer is present, 
such as over most of the Blackwood Plateau, there is low confidence in the 
information about depth to groundwater. 

The complex shaly nature of the Leederville aquifer makes it difficult to ascertain 
where the groundwater table lies. Therefore, alternative methods were used to 
delineate potential groundwater-dependent ecosystems in the area. 

Initial studies by URS (2004) used topographic, soil and vegetation mapping, 
together with geological and ecological information to identify the potential GDEs in 
the Blackwood groundwater area and parts of the Bunbury groundwater area. 

This was a conservative approach to mapping the ecosystems. It defined many areas 
as ‘groundwater-dependent’ that subsequent work has shown are probably at low 
risk of impact from groundwater abstraction because they were in areas where the 
Leederville formation is very thick and/or there was a large distance between the 
GDE and current groundwater use zones.  

Potential groundwater-dependent ecosystems within the study area were identified 
by URS (2004) as: 

• Flora and vegetation of the Blackwood River, Barlee Brook and the Donnelly 
River; 

• Riverine pools of the Blackwood River, Barlee Brook and the Donnelly River; 
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• Flora and vegetation of tributaries of the Blackwood River eg Reedia wetlands; 

• Swan and Scott coastal plain wetlands; 

• Flora and vegetation in depressions on the Blackwood Plateau (including the 
Margaret River wetlands); and 

• Flora and vegetation at the interface between the Blackwood Plateau and the 
Scott coastal plain.  

As the URS (2004) GDE mapping did not encompass the whole of the South West 
groundwater areas and included many areas at low risk of impact, the Department 
created a second GDE map, using different methods. 

The aim was to better delineate areas that were more highly groundwater-dependent 
and that included the whole region for which allocation planning was being 
undertaken. 

In the absence of accurate depth to water table mapping and to produce a map of 
potential GDEs (Figure 2), the Department used existing mapping of features often 
associated with shallow water tables, such as: 

• wetland mapping; 

• river mapping (incorporating a 300m buffer to account for riparian or floodplain 
areas); and 

• mapped areas of coastal limestone that could potentially contain cave 
ecosystems. 

As wetland mapping has not yet been carried out for the whole of the study area, it is 
possible that some wetland areas on the northern Blackwood Plateau that are 
potentially groundwater-dependent are missing from Figure 2. 

A project to undertake wetland mapping in these areas is currently under way and is 
expected to be completed in 2006-07.  
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Figure 2: Locations of potential groundwater-dependent ecosystems in the 
South West groundwater areas (all aquifers). 
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Figure 2 shows potential groundwater-dependent ecosystems that may depend on 
any of the geological formations in the South West groundwater areas. The nature of 
the formation, the distance from groundwater abstraction points and the magnitude of 
the groundwater abstraction will determine the level of risk to the potential GDEs due 
to drawdown of the water table. 

The hydrogeological investigation and initial groundwater modelling carried out at the 
time of the URS (2004) study helped to delineate groundwater-dependent ecosystem 
areas that may be at higher risk due to future groundwater allocation from the 
Yarragadee, superficial and Leederville aquifers. 

This work highlighted: 

• some of the Swan and Scott coastal plain wetlands; 

• wetlands and vegetation at the interface of the Blackwood Plateau and Scott 
coastal plain; 

• some areas of vegetation around the Blackwood River and tributaries; and 

• some in-stream values of the Blackwood River and tributaries around the St 
John-Rosa Brook area. 

 

2.3 Groundwater-dependent ecosystems of key 
environmental value 

Under the Environmental Water Provisions Policy (2000), the Department of Water 
commits to undertaking allocation planning in a way that protects key environmental 
values and allows for ecologically sustainable development.  

As a step in the planning process, the Department indicated to the Environmental 
Protection Authority (EPA) the key groundwater-dependent environmental values of 
the area it believed should be protected and requested the authority’s advice on this 
information. The Department drew on information provided by the Department of 
Environment and Conservation as well as the EPA’s Position Statement on 
Environmental Offsets in putting together a proposed list of key environmental 
values. 

Table 1 outlines the proposed feature or group of features of key value and the 
justification for their inclusion as a key environmental value. A more detailed version 
of this table is contained in Appendix 1. It should be noted that the list of features is 
not comprehensive. In many areas, the relevant surveys have not been carried out to 
identify, for example, Threatened Ecological Communities, Rare and Priority Flora, 
Conservation Category wetlands and regionally significant vegetation. There is 
therefore a need for work to continue in identifying these features and for the 
information on them to be incorporated in the allocation planning process as it comes 
to hand.  
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Table 1: Groundwater-dependent features of the South West proposed by the 
Department of Water as having ‘key environmental values’. 

Key environmental 
value/features 

Justification for listing as a key value 

Threatened Plant Communities 
 
 
 

The EPA requires that threatened or poorly 
reserved plant communities are protected. 
These ecosystems are listed in the EPA’s 
Environmental Offsets Position Statement as 
‘critical assets’. 

Significant vegetation: 
On Swan coastal plain, where <40% of 
the vegetation complex remains (using 
Heddle et al. (1978) mapping); 
On Swan coastal plain, Blackwood 
Plateau and Scott coastal plain, where 
<35% of the vegetation complex 
remains (using Mattiske (1998) 
mapping done for the Regional Forest 
Agreement) 

Particularly on the Swan coastal plain, most 
native vegetation has been cleared within the 
study area. As a result, much of the remaining 
intact vegetation has high value due to its lack 
of representation. 
 
 
 

N
at

iv
e 

V
eg

et
at

io
n 

Greater Bunbury Region Scheme 
proposed Regional Open Space 
 

Within the Bunbury area, the Greater Bunbury 
Region Scheme has been through formal 
processes in order to identify and reserve 
significant areas of native vegetation as 
Regional Open Space. The Scheme also 
identifies important native vegetation corridors 
that should be retained.  

B
io

di
ve

rs
ity

 

Declared Rare and Priority Flora 
 
Threatened Fauna 
 
Threatened Ecological Communities 
 

Rare Flora, Threatened Fauna, Threatened 
Ecological Communities and Priority species 
are listed in the EPA’s Environmental Offsets 
Position Statement as ‘critical assets’. 

Ramsar wetlands 
 
ANCA wetlands (from A Directory of 
Important Wetlands in Australia)  
 
Environmental Protection Policy (EPP) 
wetlands 
 

Ramsar, ANCA, EPP and Conservation 
Category wetlands are listed in the EPA’s 
Environmental Offsets Position Statement as 
‘critical assets’. 
 
 
 

W
et

la
nd

s 

Conservation category wetlands 
 
Resource Enhancement category 
wetlands (Swan coastal plain only) 

Due to the extent of clearing on the Swan 
coastal plain, the Dept of Environment and 
Conservation has advised that wetlands that 
have the potential to be rehabilitated to 
‘Conservation’ category status in this region, ie 
Resource Enhancement category wetlands, 
also have significant ecological value and 
should be included as a ‘key environmental 
value’. 
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Key environmental 
value/features 

Justification for listing as a key value 

River, stream and estuarine systems 
listed in Table 8.2 of WRC (1997) 
including all tributaries of the 
Blackwood River contained within 
National Park or conservation reserve 
 
 
 
 
 

The WRC (1997) report A systematic overview 
of the environmental values of the wetlands, 
rivers and estuaries of the Busselton-Walpole 
region recognises rivers, streams and 
estuaries that “are most representative of 
broad wetland values in the region or 
constitute the best and most crucial wetland 
habitat of the region. The loss of any one 
would constitute a serious loss of habitat for 
many plant and animal species and major 
reduction in representative examples of our 
wetland heritage”. 

Milyeannup Brook – those parts 
contained within National Park or State 
Forest 
 
Poison Gully – those parts contained 
within National Park or State Forest 
 
 

Morgan & Beatty (2005) report Baseline study 
on the fish and freshwater crayfish fauna in 
the Blackwood River and its tributaries 
receiving discharge from the Yarragadee 
aquifer identified Poison Gully and Milyeannup 
Brook as being important refuges for the rare 
Mud Minnow and Balston’s Pygmy Perch. 
 

R
iv

er
s 

Rivers or parts of rivers identified in the 
Greater Bunbury Region Scheme as 
foreshore reserves 

The foreshore reserves identified in the 
Greater Bunbury Region Scheme attempt to 
provide continuous Regional Open Space 
reservations for major watercourses within 
built-up areas. Mostly, they reflect existing 
Crown reserves. 

H
er

ita
ge

 Aboriginal Heritage sites (listed under 
the Aboriginal Heritage Act 1972) 
 
Register of the National Estate 
(Environment Australia) 
 

Listed in the EPA’s Environmental Offsets 
Position Statement as ‘critical assets’. 

Figure 3 below indicates where the above-listed features intersect with areas of 
potential groundwater-dependence in the South West groundwater areas. 

It becomes apparent that there are large areas of environmental significance that 
potentially rely on groundwater to some extent. As previously outlined, the potential 
risk to these areas from groundwater allocation varies greatly depending on the 
geological formations that underlie them and their proximity to groundwater 
abstraction points. Maps showing locations of the individual features or groups of 
features from each category in Table 1 can be found in Appendix 2. 

The EPA has since advised that in addition to the Department’s list, it considered that 
Forest Conservation Areas, significant flora, populations of Short Range Endemic 
species, high conservation State Forest areas and any remnant vegetation in 
predominantly cleared areas, should also be considered as key environmental 
values. 



Environmental Water Report 3                                               A summary of investigations into EWRs for South West groundwater areas 

Department of Water                                                                                                                                                      19 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Coincidence of areas of key environmental value with areas of 
potential groundwater dependence (all aquifers). 
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3. Selection of reference sites and 
determination of ecological water 
requirements 

It is generally not practical to determine site-specific ecological water requirements 
for every high value, potential groundwater-dependent ecosystem identified within a 
large study area. 

In the past, the Department has selected sites as representatives of the larger group 
across a range of ecosystem types and landforms and carried out site-specific, 
ecological water requirement determinations. The premise is that by limiting 
drawdowns and constraining the impacts at these representative and most sensitive 
sites, other groundwater-dependent ecosystems within the vicinity are also protected 
from drawdown impacts.  

In addition, if a significant groundwater allocation was proposed to be taken near a 
high-value potential groundwater-dependent ecosystem (where no environmental 
water provisions had been set through the water allocation planning process), 
additional work would be required by the proponent to determine EWRs and to 
propose EWPs if the proposal was likely to affect the ecosystem’s environmental 
values.  

Through these mechanisms there is some security that key environmental values, 
that may not have been identified in the current process, will be recognised in the 
future if they are placed at risk due to a groundwater development proposal. 

 

3.1 Previous ecological water requirement work 
conducted 

When investigative work was initiated in the South West groundwater areas in 
response to Water Corporation’s application to take groundwater in 2003, URS (a 
consultancy firm) was engaged to determine ecological water requirements for areas 
likely to be affected by abstraction from the Yarragadee aquifer. 

The study was a desktop study; therefore, in most cases it was not possible to 
determine ecological water requirements for specific groundwater-dependent 
ecosystems. 

Instead, generic EWR criteria were proposed for large areas mapped as potential 
groundwater-dependent ecosystems. These criteria were based (with some 
modifications) on criteria developed through previous studies and research on 
ecological water requirements for Gnangara Mound wetlands and Banksia woodland, 
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South West rivers, and on ANZECC (2000) water quality guidelines. The EWR 
criteria proposed by URS (2004) were: 

• Less than 0.25m maximum groundwater drawdown at wetlands at a rate of 
less than 0.1m/yr; 

• Less than 0.5m maximum groundwater drawdown in areas of phreatophytic 
(groundwater-dependent) terrestrial vegetation at a rate of less than 0.1m/yr; 

• No more than a 10 per cent increase in salinity over current levels in the 
Blackwood River main channel and maintenance of five cm of flow over riffle 
zones in summer; 

• A salinity trigger value of a shift in the median to the current 95th percentile in 
the forested tributaries of the Blackwood River, and maintenance of five cm of 
flow over riffle zones in summer; and 

• Maintenance of historical groundwater levels in areas of potential acid 
sulphate soils. 

The URS report recommended that site-specific work be conducted to refine the 
values proposed. 

 

3.2 Selection of groundwater-dependent ecosystem 
reference sites 

Subsequent to the URS (2004) work, it was recognised that more comprehensive 
information was required for the allocation planning process. 

A lack of knowledge about the wetland and groundwater-dependent ecosystem 
environments in the Scott coastal plain and southern Blackwood Plateau area, 
together with the understanding that this region may be at risk of water table 
drawdowns due to groundwater abstraction, prompted the commissioning of some 
specialist EWR work in this region.  

Selection of wetland reference sites — Eastern Scott coastal plain and Southern 
Blackwood Plateau 

V & C Semeniuk Research Group (VCSRG) was contracted to map, classify and 
evaluate the wetlands within the highlighted study area boundary delineated in Figure 
4. As part of this work, VCSRG was also asked to select a number of representative 
wetland ‘reference’ sites, with the view that these may later become sites where 
environmental water provisions may be established.  

The work of VCSRG (2005) recognised the high ecological and/or cultural value of 
many of the wetland systems in that area through the ‘Conservation category’ status 
assigned to the majority of the mapped wetlands. 
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Figure 4: Study area (highlighted map sheets) of the wetland mapping and 
evaluation work by VCSRG (2005) and the EWR work by Froend and Loomes 
(2006). 

Selection of reference sites was on the basis that they: 

• were of conservation value;  

• were representative of the various geomorphic groups identified across the 
area; 

• had geographic representation across the study area, if practicable;  

• were likely to be affected by regional or local groundwater extraction for public 
or private supply purposes, but there should also be some control or reference 
sites that may not be affected by extraction of groundwater; 

• were in hydrological connection with regional groundwater; 

• were predominantly be recharged and discharged, each via a single 
mechanism rather than a number of mechanisms; and 

• were accessible for monitoring purposes and surveying. 
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The wetland reference sites selected by VCSRG (2005) are listed in Table 2 and 
their locations are shown in Figure 5. 

Piezometers were established at each of the reference sites, except for Lake Jasper, 
where numerous piezometers already existed. 

Table 2: Wetland reference sites selected by VCSRG (2005). 

Site Number Site name Wetland suite Wetland type 
1a 
 

1b 

Lake Jasper (south) 
 
Lake Jasper (east) 

Lake Jasper lake 

2 Jangardup Rd D’Entrecasteaux palusplain 
3 Black Point Rd D’Entrecasteaux palusplain 
4 Pneumonia Rd Pneumonia Rd palusplain and 

basin 
5 Black Point/Fouracres Rd Alamein upland and basin 
6 Black Point Rd – base of 

dunes 
D’Entrecasteaux palusplain 

7 Black Point Rd – dunes  Balgamup dampland 
8a 
 

8b 

Darradup Rd (east) 
 
Darradup Rd (west) 

Jack and Jill floodplain 
 

9 Blackwood River 
Crossing/Longbottom Rd 

Jalbarragup headwater basin 

10 Brockman Hwy Milyeannup paluslope 
11 Stewart Rd Jack and Jill floodplain 

12 Poison Gully Milyeannup creek and 
floodplain  

Selection of terrestrial vegetation reference sites — Eastern Scott coastal plain 
and Southern Blackwood Plateau 

Edith Cowan University (Froend and Loomes 2006) were commissioned in a 
separate study to identify terrestrial vegetation ‘reference sites’ within the same 
project area (Figure 4). These sites were to represent areas of high value 
phreatophytic terrestrial vegetation within the area considered.  

Froend and Loomes (2006) selected the terrestrial vegetation reference sites by 
compiling the available depth-to-groundwater information, vegetation mapping and 
the groundwater-dependent ecosystem mapping. 

Sites of high value vegetation in areas of 10 metres or less depth to groundwater 
were chosen that represented the vegetation complexes of the study area. Known 
locations of Declared Rare Flora were also considered in choosing reference site 
locations.  
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Vegetation that exists within 10 metres of the groundwater table is assumed to be 
groundwater-dependent and there is evidence to suggest that there is reduced 
reliance on groundwater by vegetation that exists in areas of >10 m depth to 
groundwater (Eamus et al. in press, in Froend and Loomes 2006). 

The greater the depth to groundwater, the less the reliance of the vegetation on the 
water table as a water source.  

Due to the low confidence in the depth to groundwater, contour information available 
for the study area Froend and Loomes (2006) selected five of the reference sites in 
areas near existing monitoring bores where accurate depth to groundwater 
information was available. 

A further five sites were chosen close to wetland reference sites selected by VCSRG 
(2005). 

A summary of the terrestrial vegetation criteria sites selected by Froend and Loomes 
(2006) is given in Table 3 and their locations are shown in Figure 5 below. 

Table 3: Froend and Loomes (2006) terrestrial vegetation reference sites 
showing GPS co-ordinates, conservation value/land tenure and vegetation 
complex. 

Site number Site/ bore no. Site name Conservation 
value/ tenure 

1 Upland from 
relevant VCSRG 
site 

Black Point/ Fouracres Rd National Park 

2 Upland from 
relevant VCSRG 
site 

Darradup Rd east National Park 

3 Upland from 
relevant VCSRG 
site 

Blackwood River 
Crossing/ Longbottom Rd 

National Park 

4 Upland from 
relevant VCSRG 
site 

Brockman Highway 
(Milyeannup) 

State Forest 

5 Upland from 
relevant VCSRG 
site 

Poison Gully State Forest 

6 Existing bore 
BP20B 

Stewart Rd  National Park 

7 Existing bore 
BP42B 

Darradup Rd North National Park 

8 Existing bore 
SC8B 

Jack Track National Park 

9 Existing bore 
SC22B 

Scott Rd. - near Lake 
Smith 

National Park 

10 Existing bore 
SC18B 

Blackpoint Rd  National Park 
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Figure 5: Location of eastern Scott coastal plain and southern Blackwood 
Plateau wetland and terrestrial vegetation reference sites. 
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Froend and Loomes (2006) found that the scale of the existing regional vegetation 
complex mapping was not sufficient to represent accurately the local scale site 
vegetation types that existed. Hence the vegetation found at the selected reference 
sites tended to differ somewhat from that indicated by the regional mapping. 

All reference sites were found to support Jarrah (Eucalyptus marginata) woodland 
and many sites contained Marri (Corymbia calophylla) when the regional mapping 
indicated that the vegetation composition between sites should contain greater 
variation (Froend and Loomes 2006).  

Selection of preliminary reference sites in other areas 

For most remaining areas, such as the Swan coastal plain, western Scott coastal 
plain and northern Blackwood Plateau, the Department has undertaken work to 
identify preliminary groundwater-dependent ecosystem reference sites. This is in 
advance of specialist work to confirm these sites and determine their site-specific 
ecological water requirements in the future. 

In doing this work, aerial photography, ecological values reports and GDE mapping 
were reviewed with the aim of selecting sites that: 

1) Had high ecological value. For example, sites considered were Conservation 
category wetlands (or a wetland with other (legislated) value such as ANCA or 
Ramsar recognition); intact wetlands or areas of native vegetation in State 
Forest/National Park or proposed Regional Open Space etc; or wetlands or 
areas of vegetation that included a Threatened Ecological Community; 
Threatened plant community or rare flora or fauna. 

2) Were representative of wetland groups or suites (if applicable) or of 
local/regional vegetation communities. 

3) Gave adequate geographical coverage of the study area and ecosystem 
types. 

4) Represented areas that were likely to be at risk of impacts due to groundwater 
abstraction, but also included areas that were less likely to be influenced by 
abstraction and may be considered as future ‘control’ sites.  

Other than for the Swan coastal plain, the assessment was purely desk-based and 
no field verification or site visits were undertaken as part of the selection process.  

Officers of the Department of Environment and Conservation and regional officers 
from the Department of Water were contacted for input into the selection process and 
review of the preliminary site list. 
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As the focus of the ecological work to date has been on areas most at risk from 
regional groundwater allocations, preliminary sites were not selected in areas of 
fractured rock (the western coastal strip between Dunsborough and Augusta). 
However, this work should be done in future as part of local area plans due to the 
potential for local groundwater abstraction to affect groundwater-dependent 
ecosystems near developments. 

The reference site selection process identified 86 preliminary wetland and terrestrial 
vegetation reference sites, including those already identified by VCSRG (2005) and 
Froend and Loomes (2006). This has since been reduced to 74 sites following some 
site-specific work on the Swan coastal plain. 

Figure 6 shows the location of the current preliminary sites and more detailed 
information about each of the sites is given in Appendix 4. 

Edith Cowan University is currently working on establishing vegetation transects at 
approximately 15 reference sites on the Swan coastal plain and the Department is 
planning to install piezometers nearby, once appropriate clearances have been 
obtained. 

When adequate ecological and hydrogeological information has been obtained, 
ecological water requirements can be determined at a greater level of detail at these 
sites. 

Similar site-specific work is planned for the western Scott coastal plain area in 2007. 
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Figure 6: Location of preliminary GDE reference sites 

Selection of river reference sites 

Within the South West groundwater areas there are many river systems/parts of river 
systems thought or known to receive groundwater baseflows. Well-known examples 



Environmental Water Report 3                                               A summary of investigations into EWRs for South West groundwater areas 

Department of Water                                                                                                                                                      29 

include the lower Blackwood River and its tributaries, the upper Margaret, Capel and 
lower Donnelly Rivers. Even systems known to receive groundwater discharge are 
often not well understood. More information is required to appreciate fully the 
interactions between groundwater and surface water and to understand how 
significant the role of groundwater discharge is to the function of each system.  

As the lower Blackwood River runs through an area of Yarragadee formation subcrop 
or outcrop, it was clear from the start of investigations in 2003 that the river had the 
potential to be affected adversely by groundwater abstraction from the Yarragadee 
aquifer. Therefore, the lower Blackwood and its tributaries has been the focus of 
most of the research since that time.  

The lower Blackwood is perennial below Nannup due to groundwater discharge into 
the river from the Yarragadee and Leederville aquifers. It is thought that the flow 
contributions from these two sources are roughly equivalent, though the ratio and 
volumes may vary annually in response to rainfall variations. The Yarragadee aquifer 
discharge appears to occur in a very localised area over a few kilometres of river 
reach between Milyeannup and Layman Brooks, whereas the Leederville aquifer 
discharges at lower rates, but over a much longer stretch of the river (Figure7).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 7: The Blackwood River and tributaries below Nannup. The Yarragadee 
aquifer discharges into the river between Milyeannup and Layman Brooks. 
Discharge from the Leederville aquifer to the Blackwood River and tributaries 
occurs mainly downstream of Layman Brook, with limited contribution 
upstream of Milyeannup Brook.  
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Groundwater discharge from the Leederville and Yarragadee aquifers supplies fresh 
water to the normally brackish main channel of the lower Blackwood River and allows 
native freshwater fish species to utilise those parts of the river in summer, where in 
winter the flows coming down from the upper catchment are too saline for these fish.  

Freshwater cobbler, Tandanus bostocki, appears to live and breed in the main 
channel and migrates upstream during the late spring/summer spawning period 
within and around the area of Yarragadee aquifer discharge (Beatty et al. 2006).  

Groundwater also discharges into the tributaries of the lower Blackwood, maintaining 
habitat for the salt-intolerant native species of fish, which may otherwise not have 
been able to survive in the salt-affected Blackwood River system.  

Two significant tributaries, Poison Gully and Milyeannup Brook, receive perennial 
flows from the Yarragadee aquifer. Work by Murdoch University’s Morgan and Beatty 
(2005) has shown that these tributaries are important habitat areas for rare endemic 
fish species the Mud Minnow, Galaxiella munda, and the Balston’s Pygmy Perch, 
Nannatherina balstoni. 

Further study by Murdoch University has revealed that the lower section of 
Milyeannup Brook may contain the only remaining population of the Balston’s Pygmy 
Perch in the Blackwood catchment (Beatty et al. 2006). Genetic studies will be 
conducted on both the Mud Minnow and Balston’s Pygmy Perch over the next few 
months to determine whether the populations appear to be genetically distinct or 
whether they are related to other populations of the same species elsewhere, which 
may indicate migration or inter-breeding. 

The Capel River and upper reaches of the Margaret River may also be dependent on 
groundwater to some extent and are the focus of ecological requirements work, 
which is likely to be completed in 2007-08. EWR work is also planned for the 
Donnelly River and Barlee Brook, as it is thought there may be potential 
groundwater-dependence in these systems, though groundwater-surface water 
interactions are presently not well understood there. 

 

3.3 Ecological water requirements studies and 
recommendations 

Southern Blackwood Plateau and eastern Scott coastal plain wetlands and 
terrestrial vegetation  

As a continuation of its work to select terrestrial vegetation reference sites, described 
above, Edith Cowan University (ECU) was engaged to determine the ecological 
water requirements of those sites and the wetland sites selected by VCSRG (2006) 
in the eastern Scott coastal plain and southern Blackwood Plateau area.  
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ECU used the vegetation water requirements as a surrogate for the water 
requirements of other ecological values that may have been present at the reference 
sites. Eighty-metre long vegetation transects that incorporated representatives of all 
the potentially groundwater-dependent vegetation were established at each of the 
sites (Froend and Loomes 2006). Vegetation species within the transects were 
identified and their depth to groundwater ranges calculated from water level readings 
taken from the piezometer or bore that was positioned near each transect. 

These ranges were compared with known eco-hydrological ranges of South West 
wetland species. The most susceptible species to groundwater level change was 
identified within the transect. This was the species whose normal water level range 
would be exceeded first if groundwater levels were to decline. The degree to which 
water levels would have to decline before they were outside that species’ water level 
range was calculated and this represented the ecological water requirement for the 
most sensitive species in the reference site transect. 

Calculations were also made for the water requirement to maintain the least sensitive 
species at the site. The water requirement of the least sensitive species represented 
the minimum depth to groundwater required to maintain at least one of the vegetation 
species occurring at the reference site, while the water requirement for the most 
sensitive species represented the water depths required to maintain all the 
vegetation species at the site.  

In several cases, current water level monitoring data indicated that the calculated 
EWRs were not being met. This conflicted with results from the ecological condition 
assessments, which did not show any evidence of plant water stress at any of the 
sites (indicating vegetation EWRs were in fact, being met by current water regimes). 
These discrepancies can be explained by the fact that: 

• there is a lack of data on species water level ranges, particularly for terrestrial 
species; 

• there is little long-term water level monitoring data, therefore it is difficult to 
consider historic water regimes at reference sites; 

• an assumption was made that water levels are at the same vertical level 
across the transect; 

• there was no consideration of variations in soil retention properties between 
sites or that vegetation may be accessing other sources of water other than 
groundwater; 

• the EWRs are simplified to minimum water levels, and other hydrological 
variables are not recognised; and 

• the water requirements of other ecological components of the GDE are not 
considered and vegetation water requirements are used as a ‘cover-all’. 

(Froend and Loomes 2006) 
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These issues were considered in recommending an overall EWR for the site and 
explain why, in some cases, the recommended EWR does not appear to meet the 
calculated vegetation species EWRs (see Tables 4 and 5). For a detailed explanation 
of the EWR methodology, the reader should refer to the original Froend and Loomes 
(2006) report. 

The vegetation transects will continue to be monitored annually and the water levels 
measured on a monthly basis by the Department until the groundwater allocation 
plan is finalised. After that time, the plan commitments will define the ongoing 
monitoring responsibilities. 

The EWRs will require review once adequate water level data has been collected 
(ideally two to three years’ data). In particular, Lake Jasper, being a large 
groundwater-dependent ecosystem with high ecological, social and cultural values, 
should undergo a more rigorous assessment of EWRs that encompasses more than 
just the vegetation water requirements. An ‘expert panel’ approach is one technique 
that may be useful in refining the EWRs for Lake Jasper. 
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Table 4: EWR criteria recommended by Froend and Loomes (2006) for wetland 
reference sites 

Site name Most 
susceptible 

species 

Min. summer groundwater 
level required to maintain 
most susceptible species 

Min. summer groundwater 
level required to maintain 
least susceptible species 

Recommended 
EWR1 (min. 

autumn level) 
  Upper 

maximum2 
Lower 
maximum3 

Upper 
maximum 

Lower 
maximum 

 

Lake Jasper Taxandria 
parviceps 

40.76 m AHD 39.0 m AHD 39.0 m AHD 36.64 m AHD 38.5 m AHD 
39.0 m AHD4 

Jangardup Rd Melaleuca 
preissiana 

1.8 mbgl5 1.95 mbgl 1.95 mbgl 2.42 mbgl 2.0 mbgl 

Black Point Rd Melaleuca 
preissiana 

1.88 mbgl 2.04 mbgl 2.04 mbgl 2.42 mbgl 2.04 mbgl 

Pneumonia Rd Melaleuca 
preissiana 

2.31 mbgl 2.55 mbgl 2.55 mbgl 2.63 mbgl 2.31 mbgl 

Black Point/ 
Fouracres Rd 

Taxandria 
parviceps 

2.45 mbgl 3.36 mbgl 3.36 mbgl 3.45 mbgl 2.45-3.36 mbgl 

Black Point Rd – 
base of dunes 

Banksia 
littoralis 

2.12 mbgl 2.18 mbgl 2.18 mbgl 2.82 mbgl 1.6 mbgl 

Black Point Rd – 
dunes  

Banksia 
littoralis 

1.7 mbgl 1.86 mbgl 1.86 mbgl 2.49 mbgl 1.78 mbgl 

Darradup Rd 
(eastern 
transect) 

Melaleuca 
preissiana 

2.28 mbgl 2.58 mbgl 2.58 mbgl 2.61 mbgl 1.3 mbgl 

Darradup Rd 
(western 
transect) 

Astartea 
juniperiana 

2.42 mbgl 2.59 mbgl 2.59 mbgl 2.62 mbgl 1.3 mbgl 

Blackwood River 
Crossing/ 
Longbottom Rd 

Banksia 
littoralis 

1.7 mbgl 2.47 mbgl 2.47 mbgl  1.7 mbgl 

Brockman Hwy Taxandria 
parviceps 

0.37 mbgl 2.83 mbgl 2.83 mbgl 2.86 mbgl 1.0 mbgl 

Stewart Rd Banksia 
littoralis 

 1.72 mbgl  2.48 mbgl 1.5 mbgl 

Poison Gully Pultenea 
reticulata 

0.95 mbgl 1.55 mbgl 1.55 mbgl 2.3 mbgl 0.75 mbgl 

1 Groundwater levels should not persist below these levels for longer than two consecutive 
years. 
2 The upper maximum represents the highest elevation in the transect where that species 
occurs. 
3 The lower maximum represents the lowest elevation in the transect where that species occurs. 
4 Minimum winter/spring peak water level. 
5 mbgl = metres below ground level. 
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Table 5: EWR criteria recommended by Froend and Loomes (2006) for 
terrestrial vegetation reference sites 

 

EWR determination at wetland and terrestrial vegetation reference sites in 
other areas  

For the reference sites selected by the Department outside of those areas where 
specific ecological water requirements work was commissioned, no site-specific 
information existed about the current hydrological regime or the position of the 
vegetation species in relation to the water table.  

Therefore, site-specific ecological water requirements could not be determined and 
the Department applied generic EWRs that had been generated through previous 
work by Edith Cowan University and URS consultants for the Swan coastal plain and 
Blackwood region respectively. These generic EWRs related to maximum drawdown 
limits and rate of change limits for wetlands and phreatophytic vegetation. 

Site name Most 
susceptible 

species 

Min. summer 
groundwater level 

required to maintain 
most susceptible 

species  

Min. summer 
groundwater level 

required to maintain 
least susceptible 

species 

Recommended 
EWR1 (min. 

autumn level) 

  Upper 
maximum 

Lower 
maximum 

Upper 
maximum 

Lower 
maximum 

 

Blackpoint/ 
Fouracres Rd 

Eucalyptus 
marginata 

4.24 mbgl 5.68 mbgl 5.68 mbgl 5.96 mbgl 8.39 mbgl 

Darradup Rd 
East 

Corymbia 
calophylla 

4.04 mbgl 4.44 mbgl 4.44 mbgl 6.31 mbgl 2.32 mbgl 

Blackwood 
River Crossing/ 
Longbottom Rd 

Corymbia 
calophylla 

3.69 mbgl 4.64 mbgl 4.64 mbgl 6.75 mbgl 3.11 mbgl 

Poison Gully Allocasuarina 
fraseriana 

1.17 mbgl 5.05 mbgl 5.05 mbgl 5.68 mbgl 2.81 mbgl 

Brockman Hwy 
(Milyeannup) 

Corymbia 
calophylla 

3.37 mbgl 4.47 mbgl 4.47 mbgl 6.13 mbgl 3.16 mbgl 

Stewart Rd Corymbia 
calophylla 

89.46 
m AHD 

88.81 
m AHD 

88.81 
m AHD 

87.37 
m AHD 

87.86 m AHD 

Darradup Rd 
North  

Corymbia 
calophylla 

115.96 
m AHD 

115.56 
m AHD 

115.56 
m AHD 

114.52 
m AHD 

112.18 m AHD 

Jack Track Eucalyptus 
marginata 

41.3 
m AHD 

40.42 
m AHD 

40.42 
m AHD 

39.65 
m AHD 

39.62 m AHD 

Scott Rd Pericalymma 
elipticum 

37.09 
m AHD 

36.93 
m AHD 

36.93 
m AHD 

33.82 
m AHD 

35.93 m AHD 

Black Point Rd Corymbia 
calophylla 

49.06 
m AHD 

43.94 
m AHD 

43.94 
m AHD 

43.24 
m AHD 

42.69 m AHD 
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Edith Cowan University (Froend and Loomes 2004) has developed ‘risk of impact’ 
categories for wetland and phreatophytic vegetation (example shown in Figure 8, see 
also Appendix 6). 

The categories were developed based on the results of research into the response of 
vegetation to groundwater decline. The cumulative rate and magnitude of the 
predicted groundwater drawdown is defined and the possible ecological responses to 
the varying degrees of drawdown are described broadly as either low, moderate, high 
or severe in terms of probability of noticeable impact to groundwater change. 

The detail of the kind of ecological change that may occur under each risk category is 
also described (Appendix 5). 
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Figure 8: Risk of impact categories for wetland vegetation based on 
cumulative rate and magnitude of groundwater level change (from 
Froend and Loomes 2004). 

Figure 8 shows the ‘risk of impact’ categories for wetlands, and similar diagrams 
have been produced for phreatophytic vegetation. 

However, as vegetation at different groundwater depths show different degrees of 
susceptibility and dependence, Froend and Loomes (2004) have developed separate 
‘risk of impact’ categories for each of the three depth to groundwater classes of 
terrestrial vegetation (0-3m, 3-6m, 6-10m) (Appendix 6).  

The categories for terrestrial vegetation have been developed based on research 
done on a single species of Banksia; however, they should be applicable to other 
species that occupy similar niches (Froend and Loomes 2004).  

 Low 

Moderate 

High 

Severe 
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For the South West, the Froend and Loomes (2004) criteria were applied to the 
wetland reference sites that had been selected. That is, a maximum drawdown of 
0.25 m at a rate of no more than 0.1m/yr to maintain wetland vegetation at a low level 
of risk. 

In their preliminary assessment of GDEs and EWRs for the Blackwood groundwater 
area, URS (2004) recommended a maximum drawdown of 0.5 m at a rate of no more 
than 0.1 m/yr for terrestrial and riparian vegetation. 

This was more stringent than the Froend and Loomes (2004) criteria for terrestrial 
vegetation. These, depending on the depth to groundwater, range from 0.75 m to 
1.75 m maximum drawdown to maintain vegetation at a low level of risk, at a rate of 
<0.25 m/yr. 

URS (2004) applied more stringent criteria on the basis that the Froend and Loomes 
work was based primarily on research on Swan coastal plain species and its 
applicability to the South West area was untested. 

The Department of Water has applied a combination of the more stringent URS 
(2004) maximum drawdown criteria of 0.5 m to the terrestrial and riparian vegetation 
criteria sites, and the Froend and Loomes (2004) rate of 0.25 m/yr.  

Appendix 4 details the EWR criteria for all of the preliminary criteria sites selected by 
the Department of Water, plus those selected by VCSRG (2005) and Froend and 
Loomes (2006). 

Blackwood River and tributaries 

The Centre of Excellence in Natural Resource Management (CENRM) was 
commissioned by Water Corporation to determine the ecological water requirements 
of the Blackwood River and tributaries between Nannup and Hut Pool. 

CENRM (2005) used a ‘building block’ approach in which data were gathered on 
hydrology, channel morphology, water quality and aquatic biota at 19 sites along the 
main channel and 12 tributary sites, plus three sites on St John Brook. 

Key components of the river system were identified and their water requirements 
calculated in the form of monthly water volumes at gauging stations at St John Brook, 
Rosa Brook, Nannup and Hut Pool (Appendix 3). 

As good flow data and rating curves were available at these points, CENRM (2005) 
was able to apply generic EWR criteria that had been developed during previous 
studies on other river systems to calculate required flows more accurately. 
Unfortunately, at the time, there were no gauging stations in the zone of the 
Blackwood River or on either of the tributaries (Poison Gully and Milyeannup Brook) 
that were most likely to be at risk of impact due to groundwater allocation from the 
Yarragadee aquifer. 
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Therefore, there was limited ability to 1) determine EWRs in these areas and 2) make 
an assessment of the level of risk of not meeting those EWRs in the event of reduced 
summer baseflow. 

CENRM (2005) also attempted to calculate EWRs for a number of sites where no 
flow gauging data existed. 

To calculate flow rates required at other tributary and the Blackwood River main 
channel sites, generic river stage height criteria were used to meet various ecological 
objectives, eg 20cm of flow required for fish migration, 5cm of flow over riffles to 
maintain macroinvertebrates, bankfull flows to meet riparian vegetation requirements.  

As no historical flow gauging information was available at these sites, CENRM (2005) 
did cross-sectional surveys to gain an understanding of the channel morphology and 
used this information in the flow calculations. However, as the surveys were done 
during high flows, it was not possible to measure accurately the channel morphology 
nor locate important control features such as riffle zones. Therefore, the flow 
requirements calculated had large error margins. 

CENRM (2005) also assessed the impact of reductions in groundwater discharge 
from the Yarragadee aquifer on Blackwood River salinity. Flows from the upper 
catchment of the Blackwood River have high levels of salinity and the fresh 
groundwater discharge downstream of Nannup is important in freshening up the 
waterway in summer, enabling salt-intolerant endemic fish and other fauna to utilise 
the river in this area. 

Scenario testing by CENRM (2005) indicated that only extreme scenarios of 
complete loss of Yarragadee discharge to the river would result in higher risks of 
exceeding the ANZECC/ARMCANZ (2000) trigger guideline of the 80th percentile of 
salinity values in the reference system. The reference point chosen in this case was 
Hut Pool. 

Under more likely scenarios of reduced Yarragadee discharge, the CENRM (2005) 
assessment indicated a much lower risk of exceeding the ANZECC guidelines. 
Again, due to no long-term salinity and flow data in the area of the Blackwood River 
likely to be most affected by reductions in Yarragadee discharge (between 
Milyeannup Brook and Layman Brook); no assessment was made of potential salinity 
changes in this area. 

Following analysis of the flow data and ecological information, CENRM (2005) made 
a qualitative assessment of risk to various ecological parameters from potential 
reductions in Yarragadee groundwater discharge. This assessment highlighted two 
factors at ‘medium’ risk; potential loss of permanency of Yarragadee-dependent 
tributaries, and reductions in dissolved oxygen in Blackwood River pools to critical 
levels in late summer. A monitoring and evaluation program was recommended to 
investigate these issues further. 
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Further work was done by CENRM to follow up on one of the two issues highlighted; 
that is, the potential for reductions in dissolved oxygen levels in Blackwood River 
main channel pools in summer. This report examined the flow rates that would be 
required to maintain dissolved oxygen levels above critical levels in Blackwood River 
pools of a range of sizes between Nannup and Hut Pool. 

The report was primarily a desktop study, though data that had been collected during 
field trips for previous studies, such as CENRM 2005, was used.  CENRM (2006) 
found that, in order to maintain dissolved oxygen levels: 

• for smaller pools (up to around 1,000m3), a turnover of around twice the pool 
volume per day was required; 

• for pools between 1,000m3 and 10,000m3 a flow rate of around 3 ML/day was 
required; and 

• for larger pools >10,000m3, the large volume to pool bed area ratio is usually 
sufficient in itself to buffer the effects of dissolved oxygen consumption. 

CENRM (2006) recommended that these results be ground-truthed in summer.  

Under current base flow conditions, some smaller pools <10,000m3, towards Nannup 
are unlikely to be meeting the flow requirements to maintain dissolved oxygen as 
calculated by CENRM (2006). The combined effects of pool aggradation and nutrient 
enrichment caused by upstream land use in the Blackwood catchment have led to 
greater biological oxygen demand than would have existed under pristine catchment 
conditions (CENRM 2006). Under reduced baseflow conditions, there is increased 
potential for pools to become anoxic during the summer period. 

Fauna studies 

In order to gain an understanding of the faunal values of the lower Blackwood River 
and tributaries and their potential flow dependencies, Murdoch University undertook 
a baseline study in late summer/autumn 2005. The Yarragadee aquifer-dependent 
areas were compared to reaches that were supported by the Leederville aquifer. Key 
findings of this study were: 

• A significant difference was found between the fish fauna that occurred in the 
tributaries compared to those in the main channel of the Blackwood River. 
Swan River Gobies (Pseudogobius olorum), Western Hardyheads 
(Leptatherina wallacei) and Freshwater Cobbler were restricted to the main 
channel, while the rare Balston’s Pygmy Perch and Mud Minnow were 
restricted to the tributaries; 

• A much higher diversity of fish and freshwater crayfish fauna occurred 
downstream of the area receiving fresh Yarragadee discharge (11 fish and 
four crayfish species) compared to upstream (four fish and two crayfish 
species). The upstream species were primarily halotolerant, while most of the 
downstream species only tolerated lower salinities; and 
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• Ninety per cent of Balston’s Pygmy Perch were found in Milyeannup Brook, 
indicating that this was an important habitat for this rare species. 

Murdoch University and Edith Cowan University were commissioned to further this 
initial work on the Blackwood River to study how fish and crayfish fauna responded to 
changes in flow and water chemistry throughout the year. The study began in 
September 2005 and is ongoing at the time of writing of this report. Some of the 
findings of the current study are: 

• The Blackwood River main channel is dominated by estuarine and salt-
tolerant species both within and upstream of the Yarragadee groundwater 
discharge zone. This suggests that the fish community has already been 
largely altered, favouring salt-tolerant species; 

• Only those main channel sites receiving discharge from the Yarragadee had 
non-salt tolerant freshwater native species (very low abundances) as found in 
baseline study by Morgan and Beatty (2005);  

• In the Blackwood River main channel, large upstream migrations of 
Freshwater Cobbler both within and upstream of the Yarragadee discharge 
zone during spring/summer suggests a degree of tolerance to current 
upstream conditions;  

• Based on catch per unit effort, fewer Marron were captured in the two main 
channel sites upstream of the Yarragadee discharge zone than were captured 
at the two sites that received discharge from the Yarragadee aquifer; 

• From a fish conservation perspective, Milyeannup Brook is the most important 
of the five tributaries studied, probably because of its cool, perennial, fresh 
water flow and prevalence of permanent pools. It houses the only known 
population of the rare Balston’s Pygmy Perch in the Blackwood catchment and 
the most prominent population of the threatened Mud Minnow; 

• Balston’s Pygmy Perch was found only to utilise about half (~1300m) of the 
wetted stream length of Milyeannup Brook in dry periods (summer/autumn), 
probably due to inadequate depth of flow in upper reaches. The estimated 
population of Balston’s Pygmy Perch at low flows is around 350 fish; 

• Common freshwater endemic species, Western Minnow, Nightfish and 
Western Pygmy Perch utilised Rosa Brook, McAtee Brook, Poison Gully and 
Milyeannup Brook to varying degrees, while Layman Brook, which does not 
have permanent flow, appeared to be utilised only by Western Minnow and 
Nightfish; 

• Four species of freshwater crayfish (genus Cherax) have been identified in 
Edith Cowan University’s concurrent study of the area. No individuals of the 
burrowing freshwater crayfish genus Engaewa have yet been found. 

(Beatty et al. 2006)  
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Murdoch and Edith Cowan University’s final sampling rounds of the current study are 
to take place in September 2006, with final reporting due before the end of the year. 
Additional genetic studies by Murdoch University on the Mud Minnow and Balston’s 
Pygmy Perch are planned for later this year. These studies will attempt to evaluate 
the significance of the populations of these fish in the Blackwood River catchment. 

Based on the findings to date of CENRM (2006), Morgan and Beatty (2005) and 
Beatty et al. (2006), in formulating quantitative EWR criteria for the Blackwood River 
and key tributaries, the following should be taken into account: 

• Adequate flows are required to maintain the upstream summer migration of 
Freshwater Cobbler in the main channel of the Blackwood River within the 
Yarragadee aquifer discharge zone; 

• In the main channel, flows of over three ML/day are required to maintain 
dissolved oxygen levels in smaller pools (<10,000m3); 

• Adequate flows are required to maintain the population of the threatened 
Balston’s Pygmy Perch in Milyeannup Brook, particularly the lower ~1600m of 
the Brook, which appears to be the major habitat of the population during the 
low flow months;  

• In order to maintain crayfish burrows, adequate moisture is required in the 
soils of the riparian zone of the Blackwood River tributaries; 

• The acid sulphate soil potential of sediments in the Poison Gully and 
Milyeannup Brook area should be further investigated. 

Quantitative EWRs for the Blackwood River and tributaries are still lacking in most 
instances, though work is continuing to define them. 

The Department has gathered a substantial amount of information on river and 
tributary flows and water chemistry within and around the Yarragadee aquifer 
discharge zone over the last three years and this work is continuing in 2006-07. This 
information, together with the detailed ecological studies that have been conducted in 
2005 and 2006 will assist in establishing EWR criteria to maintain the key ecological 
values over the next few months. 
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4. Further investigations into ecological 
water requirements and determination 
of environmental water provisions 

To date, the ecological water requirements work in the South West groundwater 
areas has been centred around the eastern Scott coastal plain and southern 
Blackwood Plateau, lower Blackwood River and tributaries and more recently, the 
Swan coastal plain. 

Work has also begun towards determining EWRs for the Capel and Margaret Rivers. 
However, there are still many gaps, in particular the western Scott coastal plain and 
some areas of the northern Blackwood Plateau, where on-ground studies have yet to 
be undertaken. In addition, there is still much we do not understand about the 
groundwater dependencies of the areas where a substantial amount of work has 
been already completed.  

In 2006-07 work will continue to refine EWRs in critical areas such as the Blackwood 
River and tributaries and to initiate site-specific studies in areas where little or no 
work has been done. Specific tasks outlined for the 2006-07 year include: 

• Completion of the Murdoch and Edith Cowan University studies of fish 
migration and crayfish burrowing in the lower Blackwood River and tributaries; 

• Initiation of work by Murdoch University into population genetics of the rare 
Balston’s Pygmy Perch and Mud Minnow in the Blackwood catchment; 

• Establishment of flow gauging at Poison Gully and continued collection of 
comprehensive flow and water chemistry data within and around the 
Yarragadee aquifer discharge zone; 

• Establishment of vegetation transects at Swan coastal plain wetland and 
terrestrial vegetation reference sites; 

• Installation of piezometers at Swan coastal plain reference sites and initiation 
of monthly water level monitoring; 

• Vegetation monitoring at Scott coastal plain and southern Blackwood Plateau 
reference sites; 

• Continued monthly water level monitoring of Scott coastal plain and southern 
Blackwood Plateau sites;  

• Selection of GDE reference sites on the western Scott coastal plain and 
Blackwood Plateau; and 

• Investigation into the acid sulphate soil potential of the Milyeannup Brook and 
Poison Gully area. 
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Other possible work includes developing a hydraulic model of the lower Blackwood 
River and initiating EWR studies in the Donnelly River.  Where water level, flow and 
biological monitoring has already been established, the data will continue to be 
collected to further the ecological water requirements work and in ongoing 
management of the water resources before finalising the groundwater allocation plan. 

 

4.1 Development of environmental water provisions 

Using the results of the initial work on ecological water requirements, some steps 
towards determining environmental water provisions for the South West groundwater 
areas have already been undertaken. 

As outlined briefly in Section 1.2, in order to develop EWPs, the social water 
requirements and economic values of the water resource must also be determined in 
addition to the ecological water requirements of the key groundwater-dependent 
environmental values. 

The effect of various future groundwater allocation scenarios or options on the 
ecological, social and economic values and management objectives is then 
assessed, usually through the use of computer modelling. Community input and 
preferences are then obtained on the water allocation scenarios and their likely 
impacts (as modelled) on the various values. This information is used by the 
Department to assist in selecting the allocation scenario that best fits the overall 
management objectives and community preferences and ultimately in proposing the 
environmental water provision criteria and allocation limits. 

In late 2005 and early 2006, the South West Aquifer Modelling System (SWAMS) 
regional numerical groundwater model and a local ModHMS groundwater model of 
the eastern Scott coastal plain area were used to run various future groundwater 
allocation scenarios. The models predicted what the groundwater drawdowns would 
be at the preliminary reference sites after 30 years under various scenarios of 
groundwater pumping and variations in rainfall. 

The results at the preliminary reference sites were analysed for each of the scenarios 
and compared with the ecological water requirements criteria to develop an 
understanding of potential risk to the groundwater-dependent ecosystems. The 
results of this assessment and other studies on the economic and social values were 
put together and presented at two workshops in May 2006. Stakeholders were 
required to state their preferences on the various allocation scenarios through a 
sequence of ‘pairwise comparison’ exercises. The results of these workshops have 
been summarised in a report to the Department. 

The Department will use the information on stakeholder preferences, together with 
information from other studies conducted and EPA advice on key environmental 
values to assist in developing EWPs and in the revision of allocation limits.  
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5. Conclusion 
A substantial amount of work has been done since 2003 towards identifying high 
value groundwater-dependent ecosystems in the South West groundwater areas and 
determining ecological water requirements for selected reference sites.  

To date, potential groundwater-dependent ecosystems have been identified within 
the study area and over 70 reference sites have been selected for more detailed 
assessment. 

‘Generic’ ecological water requirements have been recommended by the Department 
for approximately 50 wetland and terrestrial vegetation reference sites and more 
detailed specialist ecological work has resulted in determination of site-specific water 
requirements for a further 24 sites in the eastern Scott coastal plain and southern 
Blackwood Plateau area. 

Biological studies in the lower Blackwood River and tributaries have identified the 
important fauna values of the waterways and have improved the understanding of 
how the fish and freshwater crayfish species utilise the river in relation to seasonal 
changes in flow and other variables. 

Work is continuing in several areas to improve the current level of information on the 
ecological water requirements of the selected reference sites. 

At 15 sites on the Swan coastal plain that currently have ‘generic’ EWRs, specialist 
ecological work is presently being undertaken to collect vegetation and water level 
data to enable a more comprehensive EWR determination. 

Intensive fauna studies are continuing on the lower Blackwood River, which will 
enable improved determination of EWRs at critical points in the main channel and in 
key tributaries.  

In the coming months, specialist EWR work will be extended into other areas of the 
Scott coastal plain and Blackwood Plateau where site-specific studies have yet to be 
done. 

Piezometers will be installed at Swan coastal plain reference sites to enable a better 
understanding of their hydrogeology and water regimes. 

Further studies on the Blackwood River fauna will improve knowledge of the 
significance of Mud Minnow and Balston’s Pygmy Perch populations. 

Where EWRs have been determined, monitoring of groundwater levels and 
vegetation transects will continue and data will be used to review the appropriateness 
of the EWRs. 
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As information from these various studies comes to hand, it will be used together with 
the hydrogeological and modelling information to inform the allocation planning 
process, establish environmental objectives and criteria and revise water allocation 
limits for the South West groundwater areas.  

Water Corporation’s proposal to take 45 GL/yr from the Yarragadee aquifer is 
currently being assessed by the Environmental Protection Authority. 

The Department of Water has provided advice to the EPA on its assessment of the 
risk to ecological values posed by the proposal. If the proposal is approved, the EPA 
will establish the environmental outcomes that need to be achieved by Water 
Corporation and the Department will be responsible for issuing a licence to take 
water and in setting the licence conditions. 

The ecological water requirements work will inform the licence conditions and the 
operating strategy. 

As for the groundwater allocation plan, the operating strategy will incorporate 
management objectives and criteria, monitoring, triggers and management actions 
and reporting responsibilities. These will apply to the areas where Water 
Corporation’s abstraction is likely to be the primary cause of drawdown impacts. 

The scientific information upon which planning decisions are based will never be 
perfect; however, there is no doubt that increased groundwater use will place 
increased pressure on the resource and place dependent ecosystems at higher 
levels of risk. 

Therefore, in the South West groundwater areas where environmental values are 
high and groundwater pressures have been, until recently, relatively low, it will be 
important to establish conservative allocation limits in the allocation plan and set up 
comprehensive monitoring regimes to monitor changes in the groundwater resource 
as groundwater use increases. 

It will also be important to plan to manage impacts before they occur by developing 
triggers and associated management actions in order to prevent over-allocation of 
the groundwater resource and/or permanent damage to ecosystems. 

A groundwater allocation plan for the South West groundwater areas is likely to be 
finalised and released for public comment during 2007.  
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Appendix 1: South West groundwater-dependent ecosystems of key 
environmental value 

Key environmental 
value/features 

Justification for listing GIS datasets used Comments/information gaps 

Public conservation 
reserve system: 
Nature Reserves 
 
National Parks 
 
Conservation Parks 
 
 

 
 
These areas are formally 
recognised reserves under the 
CALM Act (1984), amended (1991), 
for the purposes of conservation, 
recreation, scientific study, 
preservation of features of interest. 
 
Also listed in the EPA’s 
Environmental Offsets Position 
Statement as ‘critical assets’. 
 

 
 
‘CALM Managed Lands and 
Waters’ 
 
Features selected within dataset: 
5(1)(h) Reserve 
5(1)(g) Reserve 
Conservation Park 
National Park 
Nature Reserve 
 

 
 
CALM officers indicated to the Department of 
Water that all CALM-managed land should 
be included as a ‘key environmental value’. 
The justification for this was that areas of 
high ecological value occurred outside of 
National Parks, Nature Reserves and 
Conservation Parks in State Forest and 
other areas. However, it was decided by 
Department of Water only to include the 
CALM-managed lands whose reservation 
was for the specific purposes of 
conservation, scientific study, and 
preservation of features of interest. 

Native vegetation: 
Threatened Plant 
Communities 
 
Significant vegetation: 
• On Swan coastal plain, 

where <40% of the 
vegetation complex 
remains (using 
Heddle et al. (1978) 
mapping) 

• On Swan coastal plain, 
Blackwood Plateau 

 
The EPA requires that threatened 
or poorly reserved plant 
communities are protected. These 
ecosystems are listed in the EPA’s 
Environmental Offsets Position 
Statement as ‘critical assets’. 
 
Particularly on the Swan coastal 
plain, most native vegetation has 
been cleared within the study area. 
As a result, much of the remaining 
intact vegetation has high value due 

 
‘Threatened Plant Communities’ 
(DEP 06/1995) 
 
‘Derived Vegetation Communities 
for Remnant Vegetation 
Complexes’ (DOE 30/6/05) 
Features selected within dataset – 
those complexes that had <35% of 
original extent remaining. 
 
‘Heddle Vegetation Complexes 
(DEP 21/6/1995) 

 
Although the EPA’s Environmental Offsets 
Position Statement recommends that offsets 
are not appropriate where adverse impacts 
to a vegetation complex would result in a 
30% or less representation of the pre-
clearing extent of that complex, the statistics 
on vegetation clearing are not accurate, 
particularly on the Swan coastal plain 
(McEvoy pers. comm.). Therefore the Dept 
of Environment and Conservation has 
recommended using a figure of 40% for 
Swan coastal plain areas and 35% for other 
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Key environmental 
value/features 

Justification for listing GIS datasets used Comments/information gaps 

and Scott coastal 
plain, where <35% 
of the vegetation 
complex remains 
(using Mattiske 
(1998) mapping 
done for the 
Regional Forest 
Agreement). 

 
Greater Bunbury Region 
Scheme proposed 
Regional Open Space 
 

to its lack of representation. 
 
Within the wider Bunbury area, the 
Greater Bunbury Region Scheme 
has been through formal processes 
in order to identify and reserve 
significant areas of native 
vegetation as Regional Open 
Space. The Scheme also identifies 
important native vegetation 
corridors that should be retained. 
 

Features selected within dataset – 
those vegetation complexes on the 
Swan coastal plain where <40% of 
the complex remained. Based on 
data provided by the Native 
Vegetation Protection Section 
(DEC). 
 
‘Greater Bunbury Region Scheme’  
Features selected within dataset: 
Regional Open Space 

parts of the South West groundwater areas.  
 

Biodiversity 
Declared Rare and Priority 
Flora 
 
Threatened Fauna 
 
Threatened Ecological 
Communities 
 

 
Rare Flora, Threatened Fauna, 
Threatened Ecological 
Communities and Priority species 
are listed in the EPA’s 
Environmental Offsets Position 
Statement as ‘critical assets’. 

 
Threatened Flora – CALM (07/06) 
 
Threatened Fauna - CALM (07/06) 
 
Threatened Ecological 
Communities - CALM (04/06) 
 

 
Updated Threatened Fauna and Rare and 
Priority Flora datasets were provided to the 
Department of Water by CALM (now Dept of 
Environment and Conservation) in early July 
2006. The updated Threatened Ecological 
Communities dataset was provided by CALM 
to the Department of Water in April 2006 and 
CALM (DEC) confirmed as the latest dataset 
in July 2006. 
The mapping of these features across the 
study area is not comprehensive. 
Additionally, it should be noted that not all 
Rare and Priority Flora or Threatened Fauna 
are likely to be groundwater-dependent. 

Wetlands 
Ramsar Wetlands 
 
Directory of Important 
Wetlands (ANCA)  
 

 
Ramsar, ANCA, EPP and 
Conservation Category wetlands 
are listed in the EPA’s 
Environmental Offsets Position 
Statement as ‘critical assets’. 

 
‘RAMSAR wetlands’ – CALM 
(14/02/03); 
 
‘ANCA wetlands’ – CALM (08/01); 
 

 
Wetland mapping and evaluation has not 
been undertaken across all areas covered by 
the South West groundwater areas. Mapping 
and evaluation has yet to be done in the 
northern Blackwood Plateau area and parts 
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Key environmental 
value/features 

Justification for listing GIS datasets used Comments/information gaps 

Environmental Protection 
Policy (EPP) wetlands 
 
Conservation Category 
Wetlands 
 
Resource Enhancement 
category wetlands (Swan 
coastal plain only) 

 
Due to the extent of clearing on the 
Swan coastal plain, the Dept of 
Environment and Conservation has 
advised that wetlands that have the 
potential to be rehabilitated to 
‘Conservation’ category status in 
this region, ie Resource 
Enhancement category wetlands 
also have significant ecological 
value and should be included as a 
‘key environmental value’. 

‘EPP Lakes’ – DEP (1/12/92); 
 
‘Geomorphic Wetlands, Swan 
coastal plain’ – DoE (13/3/06)  
Features selected within dataset – 
Conservation and Resource 
Enhancement category wetlands. 
 
For Scott coastal plain/southern 
Blackwood Plateau areas – 
combination of new Semeniuk 
dataset (2006) + Geomorphic 
Wetlands, Augusta to Walpole 
(DoE 18/6/03). Interception of 
these with ‘NLWRA, Current Extent 
of Native Vegetation’ dataset 
(AgWA 30/1/01) 
 
Features selected within Semeniuk 
dataset – Conservation Category 
wetlands. 

of the coastal strip to the west of 
Dunsborough and Augusta. This is a clear 
information gap. DEC is planning to carry out 
the mapping for most of these areas within 
the next few months.  
Although wetlands have been mapped on 
the Scott coastal plain, evaluation has not 
been done for wetlands on the western Scott 
coastal plain and evaluation work on the 
eastern Scott coastal plain has yet to be 
endorsed by the relevant committee (chaired 
by CALM). In lieu of this, mapping of 
remnant native vegetation was overlayed 
with the wetland mapping and areas of 
wetland that were still vegetated were 
considered to be the equivalent of 
‘Conservation’ category. 

Rivers 
River, stream and 
estuarine systems listed in 
Table 8.2 of WRC (1997) 
including all tributaries of 
the Blackwood River 
contained within National 
Park or conservation 
reserve 
 
Milyeannup Brook – those 
parts contained within 
National Park or State 
Forest 

 
The WRC (1997) report A 
systematic overview of the 
environmental values of the 
wetlands, rivers and estuaries of 
the Busselton-Walpole region 
recognises rivers, streams and 
estuaries that “are most 
representative of broad wetland 
values in the region or constitute 
the best and most crucial wetland 
habitat of the region. The loss of 
any one would constitute a serious 
loss of habitat for many plant and 

 
A GIS layer was created based on 
significant rivers and estuaries 
identified in the WRC (1997) 
report. Additional parts of the 
Blackwood River were included as 
increased areas have been 
incorporated into National Parks 
since the WRC report was 
published. In addition, parts of the 
lower sections of Milyeannup 
Brook and Poison Gully were 
included as, though not in National 
Park, the permanently flowing 

 
The areas of the Blackwood River contained 
within conservation reserve/national park 
have increased since the WRC report was 
published in 1997. 
 
The study area covered by the WRC report 
only extended as far north as the Bunbury 
townsite, leaving an information gap in the 
northern half of the Bunbury groundwater 
area. The Greater Bunbury Region Scheme, 
however, does identify important rivers within 
this area as foreshore reserves, so this 
information has been used to fill this gap. 
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Key environmental 
value/features 

Justification for listing GIS datasets used Comments/information gaps 

 
Poison Gully – those parts 
contained within National 
Park or State Forest 
 
Rivers or parts of rivers 
identified in the Greater 
Bunbury Region Scheme 
as foreshore reserves 
 
 
 
 

animal species and major reduction 
in representative examples of our 
wetland heritage”. 
 
Morgan & Beatty (2005) report 
Baseline study on the fish and 
freshwater crayfish fauna in the 
Blackwood River and its tributaries 
receiving discharge from the 
Yarragadee aquifer identified 
Poison Gully and Milyeannup Brook 
as being important refuges for the 
rare mud minnow and Balston’s 
Pygmy Perch. 
 
The foreshore reserves identified in 
the Greater Bunbury Region 
Scheme attempt to provide 
continuous Regional Open Space 
reservations for major watercourses 
within built-up areas. They mostly 
reflect existing Crown reserves. 

parts of these tributaries still occur 
within State Forest and have been 
recognised as having significant 
ecological values through the work 
of Morgan and Beatty (2005) and 
others. 

This is covered under the ‘Native Vegetation’ 
category in this table. 

Heritage 
Aboriginal Heritage sites 
(listed under the Aboriginal 
Heritage Act 1972) 
 
Register of the National 
Estate (Environment 
Australia) 
 

 
Listed in the EPA’s Environmental 
Offsets Position Statement as 
‘critical assets’ 

 
‘Aboriginal Sites of Significance’ 
(DIA 12/3/06) 
 
‘Register of National Estate (EA 
28/1/03) 

 
For completeness, all heritage sites 
contained within the datasets have been 
included. However, amongst these are 
heritage features such as artefacts, rock 
carvings etc. that are not groundwater-
dependent. Therefore, the heritage sites will 
need to be analysed on a site-by-site basis 
when investigating potential impacts of 
groundwater abstraction scenarios. 
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Appendix 2: Coincidence of key 
environmental values with areas of 
potential groundwater-dependence 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure a: Coincidence of conservation reserves with areas of potential 
groundwater dependence. 
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Figure b: Coincidence of significant native vegetation with areas of 
potential groundwater dependence. 
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Figure c: Coincidence of areas of biodiversity conservation significance 
with areas of potential groundwater dependence. 
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Figure d: Coincidence of significant wetlands with areas of potential 
groundwater dependence. 
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Figure e: Coincidence of significant waterways and estuaries with areas of 
potential groundwater dependence. 
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Figure f: Coincidence of areas of heritage significance with areas of 
potential groundwater dependence. 
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Appendix 3: Ecological water requirements 
for Blackwood River and tributaries  

Table 1: EWRs for the Blackwood River at Nannup gauging station (609058) 
(taken from CENRM (2005)). 

 

Table 2: EWRs for the Blackwood River at Hut Pool gauging station (609019) 
(taken from CENRM (2005)). 
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Table 3: EWRs for Rosa Brook at the Crouch Rd gauging station (609001) 
(taken from CENRM (2005)). 

 

Table 4: EWRs for the St John Brook at Barrabup Pool gauging station (609018) 
(taken from CENRM (2005)). 
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Appendix 4: Ecological water requirements for wetlands and 
vegetation 
Table 1: Summary of preliminary GDE criteria sites and their EWR criteria, including sites selected by VCSRG (2005) and 
Froend and Loomes (2006) 
EWR map site ref # GW Subarea & Site Description Objective General region Location Location Criteria 

(maximum 
drawdown 

limit) 
   Eastings Northings  

70 BUNBURY (Australind) Lower 
Brunswick River floodplain vegetation 
(part of draft Greater Bunbury Region 
Scheme ROS site #16) 

Maintenance of 
floodplain vegetation at 
a low level of risk 

Swan coastal plain 383898 6320048 0.5m 

87 BUNBURY (Australind) Conservation 
Category Sumpland south of Devlin Rd 
within Kemerton buffer zone area 

Maintenance of 
wetland vegetation at a 
low level of risk 

Swan coastal plain 384730 6322740 0.25 

69 BUNBURY (Eaton) Lower Collie River 
adjoining Leschenault Estuary – 
floodplain vegetation (part of draft 
Greater Bunbury Region Scheme ROS 
site #18) 

Maintenance of 
floodplain vegetation at 
a low level of risk 

Swan coastal plain 380836 6314293 0.5m 

34 BUNBURY (Eaton) Dampland 2.5km 
south-east of Leschenault Estuary 

Maintenance of 
wetland vegetation at a 
low level of risk 

Swan coastal plain 379900 6310842 0.25m 

10 BUNBURY (East Bunbury) Dampland 
and Threatened Plant Community 3km 
south-east of Bunbury town centre (part 
of draft Greater Bunbury Region 

Maintenance of 
wetland vegetation at a 
low level of risk 

Swan coastal plain 375508 6306848 0.25m 
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Scheme ROS site #29) 

14 BUNBURY (East Bunbury) Creekline 
and Threatened Plant Community 
3.5km south-east of Bunbury town 
centre (part of draft Greater Bunbury 
Region Scheme ROS site #29) 

Maintenance of riparian 
vegetation at a low 
level of risk. 

Swan coastal plain 376084 6306897 0.25m 

11 BUNBURY (South Bunbury) Palusplain 
and Threatened Ecological Community 
3km south of Bunbury town centre (part 
of draft Greater Bunbury Region 
Scheme ROS site #28) 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 373900 6306806 0.25m 

15 BUNBURY (East Bunbury) Dampland 
and Threatened Ecological Community 
4.5km south-east of Bunbury town 
centre (part of draft Greater Bunbury 
Region Scheme ROS site #29) 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 375485 6305889 0.25m 

39 BUNBURY Vegetation within part of 
Wellington National Park 23km east of 
Bunbury town centre (part of draft 
Greater Bunbury Region Scheme ROS 
site #32) 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Northern Blackwood 
Plateau 

396389 6306822 0.5m 

35 BUNBURY Vegetation within part of 
Crown Reserve & State Forest, 18km 
south-east of Bunbury town centre (part 
of draft Greater Bunbury Region 
Scheme ROS site #33) 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Northern Blackwood 
Plateau 

389163 6299536 0.5m 

16 BUNBURY (Boyanup) Conservation 
category sumpland, 10km south-east of 
Bunbury town centre. 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 377609 6300387 0.25m 

89 BUNBURY (Boyanup) Franklandia 
Nature Reserve, adjacent to South 
Western Hwy & Ducane Rd approx 7km 
north-west of Boyanup 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 379230 6300990 0.25m 
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90 BUNBURY (Stratham-Gelorup) 
Vegetation corner Bussell Hwy & 
Harewoods Rd Dalyellup, 8km south-
southwest of Bunbury town centre 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 372260 6302400 0.25m 

12 BUNBURY (Stratham-Gelorup) 
Conservation category sumpland, 9km 
south-west of Bunbury town centre (part 
of draft Greater Bunbury Region 
Scheme ROS site #34) 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 370590 6301080 0.25 

33 BUNBURY (Stratham-Gelorup) 
Minninup Swamp (Muddy Lakes), 12km 
south-southwest of Bunbury town centre 
(part of draft Greater Bunbury Region 
Scheme ROS site #36) 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 370590 6301080 0.25 

13 BUNBURY (Stratham-Gelorup) 
Conservation category sumpland, 
12.5km south-southwest of Bunbury 
town centre 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 371027 6297872 0.25 

88 BUNBURY (Dardanup) Palusplain and 
terrestrial vegetation, adjacent to 
Boyanup-Picton Rd approx 6km east-
southeast of Bunbury town centre 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 379780 6308290 0.25 

94 BUSSELTON-CAPEL (Quindalup) 
Vegetation along Vasse-Yallingup 
Siding Rd, Quindalup 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Swan coastal plain 327329 6272923 0.5m 

91 BUSSELTON-CAPEL (Ludlow) 
Palusplain and terrestrial vegetation 
west of Ludlow-Hithergreen Rd 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 359516 6280069 0.25m 

32 BUSSELTON-CAPEL (Ludlow) Part of 
Tuart Forest National Park (draft 
Greater Bunbury Region Scheme ROS 
site #38) 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Swan coastal plain 366879 6294550 0.5m 

8 BUSSELTON-CAPEL (Ludlow) 
Shoreline/peripheral vegetation, north-
east of the mouth of Capel River 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 363900 6290900 0.25m 
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31 BUSSELTON-CAPEL (Ludlow) 
Conservation category sumpland within 
Tuart forest block (National Park and 
part of draft Greater Bunbury Region 
Scheme ROS site #41) 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 361900 6283600 0.25m 

40 BUSSELTON-CAPEL (Ludlow) Part of 
Capel Nature Reserve, Threatened 
Plant Community approx 2km south-
west of Capel town centre 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Swan coastal plain 364800 6284000 0.5m 

83 BUSSELTON-CAPEL (Ludlow) 
McCarley’s Swamp (Ludlow Swamp), 
ANCA wetland approx 6.5km south-
west of Capel town centre 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 361150 6282080 0.25m 

84 BUSSELTON-CAPEL (Ludlow) 
Conservation category palusplain, 
approx 11km east-northeast of 
Busselton town centre 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 357760 6278600 0.25m 

19 BUSSELTON-CAPEL (Capel River) 
Tiger Gully floodplain vegetation, approx 
9.5km south-east of Capel town centre 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 371700 6277900 0.25m 

18 BUSSELTON-CAPEL (Ludlow and 
Capel) Threatened Plant Community, 
TEC and Conservation category 
palusplain, approx 11km south-west of 
Capel town centre 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 361500 6276400 0.25m 

9 BUSSELTON-CAPEL (Capel) TEC and 
Conservation category sumpland, 
approx 12km south of Capel town 
centre 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 367480 6273950 0.25m 

17 BUSSELTON-CAPEL (Busselton and 
Ludlow) Vasse-Wonnerup estuary, 
Ramsar and ANCA wetland 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 355000 6279000 0.25m 

7 BUSSELTON-CAPEL (Busselton and 
Chapman Hill) Conservation category 
palusplain, TEC and Threatened Plant 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 345000 6265600 0.25m 
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Community, 10km south-southwest of 
Busselton 

92 BUSSELTON-CAPEL (Chapman Hill), 
Wetland vegetation, Spanish Settlers 
Reserve, corner of Vasse Hwy and 
Yoongarillup Rd 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 355050 6267470 0.25m 

77 BUSSELTON-CAPEL (Kingswood) 
Margaret River swamps, important 
wetlands of high natural value 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Margaret River 
Swamps 

351100 6252700 0.25m 

78 BUSSELTON-CAPEL (Kingswood) 
Margaret River swamps, important 
wetlands of high natural value 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Margaret River 
Swamps 

349200 6248800 0.25m 

36 BUSSELTON-CAPEL (Broadwater and 
Quindalup) Conservation category 
wetland within Locke Nature Reserve, 
10km west of Busselton  

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 336000 6273500 0.25m 

37 BUSSELTON-CAPEL (Vasse) 
Threatened Plant Community, TEC, 
6km upstream from mouth of Carbanup 
River  

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Swan coastal plain 331900 6269400 0.5m 

38 BUSSELTON-CAPEL (Vasse) 
Conservation category wetland 9km 
south of Quindalup townsite  

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 327800 6268600 0.25m 

93 BUSSELTON-CAPEL (Vasse) 
Vegetation in Taylor’s Reserve, south of 
Payne Rd, Kaloorup 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Swan coastal plain 333360 6263610 0.25m 

75 BLACKWOOD (Jarrahwood) St John’s 
Brook riparian vegetation 

Maintenance of riparian 
vegetation at a low 
level of risk. 

St John Brook 378800 6242400 0.5m 

76 BLACKWOOD (Blackwood River) 
Milyeannup Brook riparian vegetation 

Maintenance of riparian 
vegetation at a low 
level of risk. 

Milyeannup Brook 368100 6225700 0.5m 
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55 BLACKWOOD (Blackwood River) 
Poison Gully riparian vegetation 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Poison Gully 366760 6223593 0.75 m DTG* 

61 BLACKWOOD (Blackwood River) 
Poison Gully terrestrial vegetation 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Poison Gully 366689 6223558 3.16 m DTG 

53 BLACKWOOD (Blackwood River) 
Conservation category paluslope on 
Brockman Highway 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood River 
upstream of discharge 
zone 

372353 6228296 1.0 m DTG 

52 BLACKWOOD (Blackwood River) 
Conservation category basin at 
Blackwood Crossing/Longbottom Rd. 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood River 
upstream of discharge 
zone 

371576 6229310 1.7 m DTG 

60 BLACKWOOD (Blackwood River) 
Terrestrial vegetation adjoining 
Conservation category paluslope on 
Brockman Highway 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Blackwood River 
upstream of discharge 
zone 

372341 6228259 2.81 m DTG 

59 BLACKWOOD (Blackwood River) 
Terrestrial vegetation adjoining 
Conservation category wetland on 
Blackwood Crossing/Longbottom Rd 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Blackwood River 
upstream of discharge 
zone 

371558 6229250 3.11 m DTG 

2 BLACKWOOD (Blackwood River) 
Riparian vegetation along the 
Blackwood River main stem near 
Darradup 

Maintenance of riparian 
vegetation at a low 
level of risk. 

Blackwood River 
upstream of discharge 
zone 

371600 6229500 0.5m 

5 BLACKWOOD (Blackwood River) 
Riparian vegetation along the 
Blackwood River main stem near 
Milyeannup Brook 

Maintenance of riparian 
vegetation at a low 
level of risk. 

Blackwood River 
Yarragadee discharge 
zone 

366800 6227200 0.5m 

4 BLACKWOOD (Blackwood River) 
Riparian vegetation along the 
Blackwood River main stem between 
Milyeannup Brook and Poison Gully 

Maintenance of riparian 
vegetation at a low 
level of risk. 

Blackwood River 
Yarragadee discharge 
zone 

365300 6225600 0.5m 

6 BLACKWOOD (Jarrahwood) St John’s 
Brook (lower) riparian vegetation 

Maintenance of riparian 
vegetation at a low 
level of risk. 

St John Brook 365800 6224600 0.5m 
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3 BLACKWOOD (Blackwood River) 
Riparian vegetation along the 
Blackwood River main stem between 
Poison Gully and Layman Brook 

Maintenance of riparian 
vegetation at a low 
level of risk. 

Blackwood River 
Yarragadee discharge 
zone 

364900 6224000 0.5m 

1 BLACKWOOD (Blackwood River) 
Riparian vegetation along the 
Blackwood River main stem between 
Layman Brook and Rosa Brook 

Maintenance of riparian 
vegetation at a low 
level of risk. 

Blackwood River 
downstream of 
discharge zone - Lower 
Rosa Bk 

356400 6229400 0.5m 

28 BLACKWOOD (Blackwood River) 
Dampland in National Park near Kimba 
Road 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood Plateau 
west 

356400 6227300 0.25m 

79 BLACKWOOD (Blackwood River) 
Riparian vegetation along Rosa Brook 

Maintenance of riparian 
vegetation at a low 
level of risk. 

Rosa Brook 358000 6223400 0.5m 

29 BLACKWOOD (Blackwood River) 
Dampland within National Park on Sue’s 
Rd between Sue’s Bridge and 
Brockman Hwy 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood River West 353500 6223600 0.25m 

27 BLACKWOOD (Blackwood River) 
Dampland in National Park near 
Blackwood River approx 7km 
downstream of Sue’s Bridge 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood River West 349100 6227800 0.25m 

43 BLACKWOOD (Blackwood River) 
Adelaide Brook Swamps, sumpland in 
National Park upstream of confluence of 
Adelaide Bk and Blackwood River, 
Geocrinia habitat 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Adelaide Bk and 
Spearwood Ck 

346400 6228400 0.25m 

42 BLACKWOOD (Blackwood River) 
Adelaide Brook Swamps, sumpland in 
National Park near confluence of 
Adelaide Bk and Blackwood River, 
Geocrinia habitat 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Adelaide Bk and 
Spearwood Ck 

345900 6227000 0.25m 

41 BLACKWOOD (Blackwood River) 
Wetland and TEC 2km south of 
Blackwood R confluence with 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Reedia 345300 6224000 0.25m 
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Spearwood Creek, Reedia  

80 BLACKWOOD (Blackwood River) 
Spearwood Creek swampland, TEC and 
Geocrinia habitat 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Adelaide Bk and 
Spearwood Ck 

344400 6228100 0.25m 

44 BLACKWOOD (Blackwood River) 
Conservation category sumpland near 
intersection of Brockman Hwy and 
Dennis Rd 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood Plateau 
west 

344500 6219400 0.25m 

22 BLACKWOOD (Blackwood River) 
Conservation category sumpland in 
Scott River wetland system 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Western Scott coastal 
plain 

342800 6216400 0.25m 

72 BLACKWOOD (Blackwood River) 
Conservation category wetland at 
Brennan’s Ford on Scott River, TEC's 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Western Scott coastal 
plain 

340200 6208200 0.25m 

20 BLACKWOOD (Blackwood River) 
Conservation category sumpland in 
National Park between Scott River Rd 
and the coast 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Western Scott coastal 
plain 

337500 6203700 0.25m 

71 BLACKWOOD (Blackwood River) 
Conservation category dampland along 
Scott River approx 6km south-east of 
Brennan’s Ford 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Western Scott coastal 
plain 

346300 6205300 0.25m 

73 BLACKWOOD (Blackwood River) 
Conservation category sumpland, Scott 
River wetland system, south of 
Governor Broome Rd 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Western Scott coastal 
plain 

350500 6208400 0.25m 

23 BLACKWOOD (Blackwood River) 
Conservation category sumpland, Scott 
River wetland system, off Paget Rd 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood Plateau 
west 

351800 6214200 0.25m 

26 BLACKWOOD (Blackwood River) 
Conservation category dampland, Scott 
River wetland system, Chester 
Rd/South Coast Rd 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood Plateau 
west 

356500 6215000 0.25m 
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21 BLACKWOOD (Blackwood River) 
Conservation category dampland, Scott 
River wetland system, 5km east of 
Chester Rd/South Coast Rd 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood Plateau 
west 

359000 6215700 0.25m 

25 BLACKWOOD (Blackwood River) 
Conservation category dampland, Scott 
River wetland system, north of 
Milyeannup Rd/South Coast Rd 
intersection 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood Plateau 
west 

359800 6211800 0.25m 

64 BLACKWOOD (Blackwood River) Jack 
Track terrestrial vegetation within 
National Park and State Forest 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Eastern Scott coastal 
plain 

367274 6206784 39.62 m AHD 

74 BLACKWOOD (Blackwood River) 
Conservation category sumpland, 
Gingilup Swamps Nature Reserve, 
ANCA wetland 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Eastern Scott coastal 
plain 

360200 6198500 0.25m 

82 BLACKWOOD (Blackwood River) 
Conservation category sumpland, 
Gingilup Swamps Nature Reserve, 
ANCA wetland, 8km north-northeast of 
Black Point 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Eastern Scott coastal 
plain 

365500 6198300 0.25m 

50 BLACKWOOD (Blackwood River) 
Conservation category palusplain, 
D’Entrecasteux National Park, 7km 
north of Black Point 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Eastern Scott coastal 
plain 

367690 6196827 1.6m DTG* 

51 BLACKWOOD (Blackwood River) 
Conservation category wetland, 
D’Entrecasteux National Park, 6km 
north of Black Point 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Eastern Scott coastal 
plain 

367277 6196164 1.78 m DTG 

81 BLACKWOOD (Blackwood River) Lake 
Quitjup, D’Entrecasteux National Park, 
ANCA wetland 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Lake Quitjup 371000 6194500 0.25m 

45 BLACKWOOD (Blackwood River) Lake 
Jasper, D’Entrecasteux National Park, 
ANCA wetland 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Lake Jasper 380329
377238

6190540
6190687

38.5m AHD 
 

39.0m AHD# 
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65 BLACKWOOD (Blackwood River) Scott 
Road terrestrial vegetation near Lake 
Smith within D’Entrecasteux National 
Park 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Eastern Scott coastal 
plain 

383669 6189305 35.93 m AHD 

30 BLACKWOOD (Blackwood River) 
Riparian vegetation, Donnelly River and 
floodplain, D’Entrecasteux National Park

Maintenance of riparian 
vegetation at a low 
level of risk. 

Donnelly River 385500 6185900 0.5m 

24 BLACKWOOD (Blackwood River) Fly 
Brook wetland, Donnelly State Forest 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Fly Brook 393500 6185400 0.25m 

58 BLACKWOOD (Blackwood River) 
Sumpland on Donnelly River, 
D’Entrecasteux National Park 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Donnelly River 386550 6193100 0.25m 

46 BLACKWOOD (Blackwood River) 
Conservation category palusplain on 
Jangardup Rd in D’Entrecasteux 
National Park 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Eastern Scott coastal 
plain 

376796 6195468 2.0 m DTG 

48 BLACKWOOD (Blackwood River) 
Conservation category basin and 
palusplain on Pneumonia Rd near 
Barlee Brook in State Forest 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Eastern Scott coastal 
plain 

382524 6198769 2.31 m DTG 

47 BLACKWOOD (Blackwood River) 
Conservation category palusplain on 
Black Point Rd in State Forest 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Eastern Scott coastal 
plain 

374002 6202371 2.04 m DTG 

49 BLACKWOOD (Blackwood River) 
Conservation category basin on Black 
Point Rd/Fouracres Rd on unallocated 
Crown Land 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Eastern Scott coastal 
plain 

374674 6202796 2.45-3.36 m 
DTG 

56 BLACKWOOD (Blackwood River) 
Terrestrial vegetation on Black Point 
Rd/Fouracres Rd in Crown Reserve 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Eastern Scott coastal 
plain 

374672 6202799 8.39 m DTG 

66 BLACKWOOD (Blackwood River) 
Terrestrial vegetation on Black Point Rd 
in Hilliger National Park 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Eastern Scott coastal 
plain 

377818 6205052 42.69 m AHD 
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62 BLACKWOOD (Blackwood River) 
Terrestrial vegetation on Stewart Rd in 
Hilliger & Milyeannup National Parks 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Blackwood Plateau 
east 

371389 6212820 87.86 m AHD 

85 BLACKWOOD (Blackwood River) 
Conservation category dampland 
approx 3.5km north-east of Lake Jasper 
in D’Entrecasteux National Park 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Eastern Scott coastal 
plain 

381600 6194900 0.25m 

86 BLACKWOOD (Blackwood River) 
Conservation category sumpland 
approx 3km south of Black Point 
Rd/Pneumonia Rd intersection in 
Milyeannup State Forest  

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood Plateau 
east 

381600 6194900 0.25m 

54 BLACKWOOD (Blackwood River) 
Conservation category floodplain area 
on Stewart Rd in Hilliger and 
Milyeannup National Parks 

Maintenance of 
wetland vegetation at a 
low level of risk. 

Blackwood Plateau 
east 

372104
372078

6212136
6212118

1.5 m DTG 

63 BLACKWOOD (Blackwood River) 
Terrestrial vegetation on Darradup Rd in 
Milyeannup National Park 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Blackwood Plateau 
east 

375832 6212133 112.18 m 
AHD 

57 BLACKWOOD (Blackwood River) 
Terrestrial vegetation on Darradup Rd 
east in Hilliger and Milyeannup National 
Parks 

Maintenance of 
terrestrial vegetation at 
a low level of risk. 

Blackwood Plateau 
east 

384052 6215595 2.32 m DTG 

67 BLACKWOOD (Blackwood River) 
Floodplain vegetation on Darradup Rd 
east in Hilliger and Milyeannup National 
Parks 

Maintenance of 
floodplain vegetation at 
a low level of risk. 

Blackwood Plateau 
east 

384052
384148

6215595
6215590

1.3 m DTG 

68 BLACKWOOD (Blackwood River) 
Floodplain vegetation on Darradup Rd 
west in Hilliger and Milyeannup National 
Parks 

Maintenance of 
floodplain vegetation at 
a low level of risk. 

Blackwood Plateau 
east 

383500 6215756 1.3 m DTG 

* m DTG = Depth to groundwater (metres) 
# 39.0 m AHD is the recommended winter/spring peak EWR for Lake Jasper. 
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Note – Blue text indicates criteria sites selected by VCSRG (2005) and Froend and Loomes (2006), EWR criteria for these sites determined by Froend and 
Loomes (2006). 

Text in italics indicates sites that were originally selected as preliminary reference sites and used in the initial groundwater modelling, but were subsequently 
eliminated as reference sites when site-specific ecological work was undertaken on the Swan coastal plain. 
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Appendix 5: Range of possible ecological 
responses to groundwater drawdown 
The following tables describe the possible range of responses for groundwater-
dependent wetlands and terrestrial vegetation ecosystems, based on varying 
degrees of groundwater drawdown as described in the risk categories developed by 
Froend and Loomes (2004). 

Table 1: Possible response to drawdown of the key elements of wetland 
ecosystem integrity for the four risk-of-impact categories (adapted from EPA 
2000, p. 20 in Froend and Loomes 2004). 

Wetlands  Risk of impact category and possible response to drawdown 
Key elements Low 

(no measurable 
change) 

 Moderate 
(small change) 

High 
(moderate change) 

Severe 
(large change) 

Ecosystem processes 
Primary 
production 

Rates of primary 
production are 
maintained within the 
limits of natural 
variation. 

Some evidence of 
reduction in rates of 
primary production in 
response to drying. 

Measurable 
reductions in rates of 
primary production in 
response to drying. 

Severe reductions 
in rates of primary 
production in 
response to 
drying. 

Nutrient 
recycling 

Rates of nutrient 
recycling are 
maintained within the 
limits of natural 
variation. 

Some evidence of 
reduction in rates of 
nutrient recycling in 
response to drying. 

Measurable 
reductions in rates of 
nutrient recycling in 
response to drying. 

Severe reductions 
in rates of nutrient 
recycling in 
response to 
drying. 

Foodchains No measurable 
change in foodchains. 

Some evidence of 
disruption to 
foodchains. 

Measurable 
disruptions to 
foodchains. 

Severe disruptions 
to foodchains. 

Sediment 
stabilisation 

No measurable 
change in sediment 
stabilisation. 

No detectable change 
in sediment 
stabilisation. 

Some evidence of 
sediment 
destabilisation. 

Measurable 
destabilisation of 
wetland 
sediments. 

Pollutant 
filtration 
 

No measurable 
change in rates of 
pollutant filtration  

No detectable change 
in rates of pollutant 
filtration  

Some evidence of 
change in rates of 
pollutant filtration. 

Measurable 
reductions in rates 
of pollutant 
filtration. 

Biodiversity (vegetation) 
Species 
composition 

No measurable 
change in species 
composition. 

Some evidence of 
establishment of 
exotic species as 
result of disturbance 
and/or drying. 

Measurable 
encroachment of xeric 
species into wetland.  

Significant change 
in dominant 
populations with 
terrestrialisation 
through 
encroachment of 
xeric species.  
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Species 
distribution 

No measurable 
change in distribution 
of species. 

Some evidence of 
changing distribution 
with disturbance 
and/or drying allowing 
establishment of 
exotic species. 

Measurable 
contraction of wetland 
through changing 
demographics of more 
than one species, with 
encroachment of xeric 
species into the 
wetland. 

Greater than 50% 
reduction in 
abundance of 
dominant species 
and /or 
significance 
change in 
dominant 
populations, with 
terrestrialisation 
through 
encroachment of 
xeric species.  

Species 
mortality 

No measurable 
mortality.  

Some mortality of 
individuals. 

Greater than 15% 
reduction in 
abundance of 
dominant species. 

Greater than 50% 
reduction in 
abundance of 
dominant species.

Species 
richness 

No measurable 
change in species 
richness. 

Some evidence of 
decline in richness of 
wetland species. 

Measurable decline in 
richness of wetland 
species and/or 
increase xeric species 
richness. 

Significant change 
in richness of 
wetland species 
and replacement 
by xeric species. 

Community 
structure 

No measurable 
change in community 
structure. 

Some evidence of 
change in community 
structure. 

Notable change in 
community structure.  

Significant change 
in community 
structure. 

Abundances and biomass of biota 
Vegetation 
density, cover 
and frequency 

No measurable 
change in density, 
cover and abundance. 

Some evidence of 
reduced growth in 
overstorey and/or 
understorey species. 

Measurable crown 
dieback in overstorey 
species and/or 
reduction in cover of 
understorey. 

Substantial crown 
dieback in 
overstorey 
species and loss 
of density and 
cover in 
understorey. 

Vegetation 
height and 
diameter 

No measurable 
change in vegetation 
height and diameter. 

Some evidence of 
change in height due 
to loss of vigour 
and/or thinning of 
canopy. 

Measurable 
reductions in height 
due to loss of canopy 
and/or reduced 
diameter of adult 
stems. 

Significant 
reductions in 
height due to loss 
of canopy and 
reduced diameter 
of adult stems. 

Vertebrate 
abundance 

No measurable 
change in vertebrate 
abundance. 

Some evidence of 
reduced vertebrate 
abundance. 

Measurable changes 
in vertebrate 
abundance due to 
reduction in food 
and/or habitat 
availability as result of 
drying. 

Greater than 50% 
reduction in 
vertebrate 
abundance due to 
reduction in food 
and/or habitat 
availability as 
result of drying. 

Macro-
invertebrate 
abundance 

No measurable 
change in 
macroinvertebrate 
abundance. 

Some evidence of 
reduced 
macroinvertebrate 
abundance. 

Measurable changes 
in vertebrate 
abundance due to 
reduction in food 
and/or habitat 
availability as result of 
drying. 

Greater than 50% 
reduction in 
vertebrate 
abundance due to 
reduction in food 
and/or habitat 
availability as 
result of drying. 
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Quality of water and sediment 
Physical and 
biochemical 
properties of 
sediments and 
groundwater 

Levels of 
contaminants & other 
measures of quality 
remain within limits of 
natural variation. 

Small detectable 
changes beyond limits 
of natural variation but 
no resultant effect on 
biota. 

Moderate changes 
beyond limits of 
natural variation but 
not to exceed 
specified criteria. 

Substantial 
changes beyond 
limits of natural 
variation. 
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Table 2: Possible response to drawdown of the key elements of terrestrial 
phreatophtyic vegetation ecosystem integrity for the four ROI categories 
(adapted from EPA 2000, p. 20 in Froend and Loomes 2004). 

Terrestrial phreatophytic vegetation Risk of impact category and possible response to drawdown 
Key elements Low 

(no measurable 
change) 

 Moderate 
(small change) 

High 
(moderate change) 

Severe 
(large change) 

Ecosystem processes 
Primary 
production 

Rates of primary 
production are 
maintained within the 
limits of natural 
variation. 

Some evidence of 
reduction in rates of 
primary production in 
response to drying. 

Measurable 
reductions in rates of 
primary production in 
response to drying. 

Severe reductions 
in rates of primary 
production in 
response to 
drying. 

Nutrient 
recycling 

Rates of nutrient 
recycling are 
maintained within the 
limits of natural 
variation. 

Some evidence of 
reduction in rates of 
nutrient recycling in 
response to drying. 

Measurable 
reductions in rates of 
nutrient recycling in 
response to drying. 

Severe reductions 
in rates of nutrient 
recycling in 
response to 
drying. 

Foodchains No measurable 
change in foodchains. 

Some evidence of 
disruption to 
foodchains. 

Measurable 
disruptions to 
foodchains. 

Severe disruptions 
to foodchains. 

Sediment /soil 
stabilization 

No measurable 
change in soil 
stabilisation. 

No detectable change 
in soil stabilisation. 

Some evidence of soil 
destabilisation/erosion
. 

Measurable 
destabilisation/ero
sion of soil. 

Biodiversity 
Species 
composition 

No measurable 
change in species 
composition. 

Some evidence of 
encroachment of more 
drought tolerant 
species. 

Measurable signs of 
encroachment of more 
drought tolerant 
species. 

Loss of less 
drought tolerant 
species from 
ecosystem, with 
establishment of 
exotic species and 
gradual 
dominance by 
more drought 
tolerant species.  

Species 
distribution 

No measurable 
change in distribution 
of terrestrial 
phreatophtyic species 
(not measurable in 
past 20 years). 

Some evidence of 
changing distribution 
and encroachment of 
more drought tolerant 
species into areas 
previously dominated 
by less drought 
tolerant species.  

Measurable change in 
demographics of 
some species with 
encroachment of more 
drought tolerant 
species into areas 
previously dominated 
by less drought 
tolerant species.  

Overstorey and 
understorey 
decline and/or 
loss of species 
from ecosystem. 
Greater than 50% 
reduction in 
abundance of 
dominant 
populations and/or 
disturbance 
allowing 
establishment of 
exotic species. 

Species 
mortality 

No measurable 
mortality. 

Some mortality of 
individuals. 

Greater than 15% 
reduction in 
abundance of 
dominant species. 

Greater than 50% 
reduction in 
abundance of 
dominant species.
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Species 
richness 

No measurable 
changes in species 
richness.  

Some evidence of 
decline in richness of 
less drought tolerant 
species.  

Measurable decline in 
richness of less 
drought tolerant 
species and/or 
increase xeric species 
richness. 

Significant change 
in richness of less 
drought tolerant 
species and 
replacement by 
more xeric 
species. 

Community 
structure 

No measurable 
change in community 
structure. 

Some evidence of 
change in community 
structure. 

Notable change in 
community structure.  

Significant change 
in community 
structure. 

Abundances and biomass of biota 
Vegetation 
density, cover 
and frequency 

No measurable 
change in density, 
cover and abundance. 

Some evidence of 
reduced growth in 
overstorey and/or 
understorey species. 

Measurable crown 
dieback in overstorey 
species and/or 
reduction in cover of 
understorey. 

Substantial crown 
dieback in 
overstorey 
species and loss 
of density and 
cover in 
understorey.  

Vegetation 
height and 
diameter 

No measurable 
change in vegetation 
height and diameter. 

Some evidence of 
change in height due 
to loss of vigour 
and/or thinning of 
canopy. 

Measurable 
reductions in height 
due to loss of canopy 
and/or reduced 
diameter of adult 
stems. 

Significant 
reductions in 
height due to loss 
of canopy and 
reduced diameter 
of adult stems. 

Vertebrate 
abundance 

No measurable 
change in vertebrate 
abundance. 

Some evidence of 
reduced vertebrate 
abundance. 

Measurable changes 
in vertebrate 
abundance due to 
reduction in food 
and/or habitat 
availability as result of 
drying. 

Greater than 50% 
reduction in 
vertebrate 
abundance due to 
reduction in food 
and/or habitat 
availability as 
result of drying. 

Macro-
invertebrate 
abundance 

No measurable 
change in 
macroinvertebrate 
abundance. 

Some evidence of 
reduced 
macroinvertebrate 
abundance. 

Measurable changes 
in vertebrate 
abundance due to 
reduction in food 
and/or habitat 
availability as result of 
drying. 

Greater than 50% 
reduction in 
vertebrate 
abundance due to 
reduction in food 
and/or habitat 
availability as 
result of drying. 

Quality of water and sediment 
Physico-
chemical 
properties of 
sediment and 
groundwater 

Levels of 
contaminants & other 
measures of quality 
remain within limits of 
natural variation 

Small detectable 
changes beyond limits 
of natural variation but 
no resultant effect on 
biota 

Moderate changes 
beyond limits of 
natural variation but 
not to exceed 
specified criteria 

Substantial 
changes beyond 
limits of natural 
variation  
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Appendix 6: Risk of impact categories for 
terrestrial vegetation 
The following figure is taken from Froend and Loomes (2004) and describes the risk 
of impact categories that have been developed for terrestrial and riparian vegetation 
that occurs at 0-3 m, 3-6 m and 6-10 m depth to groundwater. 
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Figure 1: Risk of impact categories for phreatophytic vegetation 
(terrestrial and riparian) in the different depth to groundwater grouping 
based on cumulative rate and magnitude of groundwater level change a) 
0-3 m, b) 3-6 m, c) 6-10 m. From Froend and Loomes, 2004, p.60. 
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Glossary 
Aquifer: A geological formation or group of formations, able to receive, store and 
transmit significant quantities of groundwater. 

Biological diversity: “Variability of all living organisms and the aquatic ecosystems 
and other ecological complexes of which they are part; this includes diversity within 
species, between species and of ecosystems” (Convention on Biological Diversity, 
1992). 

Ecological values: The natural ecological processes occurring within water 
dependent ecosystems and the biodiversity of these systems. 

Ecosystem: A term used for a specific environment, eg wetland, or part thereof, to 
include all the biological, chemical and physical resources and the interrelationships 
and dependencies that occur between those resources. 

Environment: “Living things, their physical, biological and social surroundings, and 
interactions between all of these” 
(Environmental Protection Act 1986). 

Environmental water provisions (EWPs): The water regimes that are provided as a 
result of the water allocation decision-making process taking into account ecological, 
social and economic impacts. They may meet in part or in full the ecological water 
requirements. 

Ecological water requirements (EWRs): The water regimes needed to maintain 
ecological values of water dependent ecosystems at a low level of risk. 

Groundwater: Water found under the land surface, which occupies the pores and 
crevices of soil or rock. 

Social water requirements (SWRs): Elements of the water regime that are 
identified to meet social (including cultural) values. 

Surface water: Water flowing or held in streams, rivers and other wetlands on the 
surface of the landscape. 

Water-dependent ecosystems: Those parts of the environment of which the 
species composition and natural ecological processes are determined by the 
permanent or temporary presence of water resources, including flowing or standing 
water and water within groundwater aquifers. 

Water regime: A description of the variation of flow rate or water level over time; it 
may also include a description of water quality. 
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Water resources: Water in the landscape (above and below ground), with current or 
potential value to ecosystems and the community. 

 


