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INTRODUCTION 

In this phase of the project water regimes (EWRs) considered necessary to support the values identified 
in Tasks I a and I b were determined. In contrast to cunent EWRs, the team has developed EWRs that 
encompass the true complexity of eco-hydrological interactions but maintain adaptability to 
management frameworks. Cunent EWRs have been most often set as minimum and/or maximum water 
levels based on the requirements of key species. These levels do not address other components of the 
water regime considered of equal importance in maintaining ecosystem values. In establishing EWRs 
the team has also considered the duration of required water levels and the rate of water level rise and/or 
decline, where possible. In all cases, limitations to scientific information and assumptions have been 
identified to ensure transparency in the scientific basis for EWRs. 

During field visits undertaken in Task I a small number of wetlands and terrestrial bore sites, identified 
in the 1991 /92, 1995 and 1997 reports were considered to have lost all or most of their ecological value 
related to groundwater dependence. These GDEs are listed in Table I with a brief description of the 
reason for the loss of values. 

This phase of the project has been divided into three sections. The first section presents a summary of 
existing information on GD Es and their water requirements followed by a review of the existing WA 
approach and an outline of the process applied in this study. 

In Section 2 general EWRs are first described for all GDEs identified in Task I . Due to the paucity of 
information on the majority of 'new' GDEs, it is not possible to describe EWRs for a large number of 
ecosystems. Lack of quantitative data for some components of many previously described GDEs also 
limits EWRs to qualitative assessments. However, where the required level of information is available 
detailed/quantitative EWRs are described. 

In Section 3 comment is made on the likely response to water level changes predicted over 2, 5 and I 0 
year intervals (2003-05 , 2003-08 and 2003-13) modelled under PRAMS 3.0. To achieve this, a GDE' s 
susceptibility to groundwater decline is determined using a matrix of conservation values, current 
ecological condition, historic water level decline and current depth to groundwater. Groundwater 
dependence and drawdown impacts are largely based on vegetation. Limits of acceptable change are 
described for each type of GOE (wetland, terrestrial vegetation etc.) and comment made on the current 
standing of each GOE. 

Centre for Ecosystem Management, ECU, Joondalup 8 
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Table 1: GDEs identified in the 1991/2, 1995 and 1997 reports not considered in the EWR review due 
to severe decline or complete loss of ecological values related to groundwater dependence. 

Group GDE 

Wetlands 

Gnangara Coogee 
Springs 

Terrestrial ecosystems 

Gnangara JBS 

PM6 

PM7 

WM6 

MM49B 

PM25 
Jandakot 

JM24 

JM29 

JE12C 

JM33 

JE20C 

JE23C 
]310 

JM18 

JEIB 

JE18C 

JM15 

JM27 

JM5 

Reason for loss of values related to groundwater dependence 

Due to changes in water quality, drying and the associated declines in ecological 
condition, the ecological values of the wetland have been severely degraded. The 
wetland no longer supports diverse aquatic macroinvertebrates nor has the 
potential to support waterbirds and other aquatic vertebrates. Only one species of 
wetland vegetation persists with little opportunity for recruitment. 

The bore is within 50m of an operation market garden, which has increased in 
size in recent years . The majority of native vegetation in the vicinity is also 
heavily modified. 

Recent investigations into soil moisture retention suggests there are 3 perched 
lenses in the soil profile above the water table, which is currently 12m below the 
ground surface. It is therefore unlikely that vegetation at this site is accessing 
groundwater and is relying instead on moisture in the perched layers. May be 
relocated or replaced. 

Recent investigations into soil moisture retention suggests there are 2 perched 
lenses in the soil profile above the water table, which is currently 9.5m below the 
ground surface. It is therefore unlikely that vegetation at this site is accessing 
groundwater and is relying instead on moisture in the perched layers. 

The bore is located between Neaves Rd and a semi-rural homesite. Although 
intact Ba11ksia woodland occurs opposite, it is approximately 2m upslope of the 
bore and as a result the groundwater levels measured in the bore are unlikely to 
be representative of that underlying the vegetation . May be relocated or replaced. 

Vegetation highly degraded and not representative of high priority conservation 
area within Whiteman Park. May be replaced by GDIO. 
The woodland in the vicinity has been cleared for rural use. 

The Banksia woodland in the vicinity has been significantly reduced through 
clearing with further clearing indicated in the near future. 

The Banksia woodland in the vicinity has been significantly reduced through 
clearing with further clearing indicated in the near future. May be relocated to 
Bush Forever Site 263 . 

Water levels are greater than 12m and the area is marked for future urban 
development. 

The area is marked for future urban development. 

Banksia woodland in the vicinity has been impacted by semi-rural use and is 
marked for future urban development. 

The area is marked for future urban development. 

The woodland in the area has been cleared for industrial development. 

The woodland in the area has been cleared for industrial development. 

The woodland in the area has been impacted by clearing for sand-mining and . 
semi-rural use. 

The woodland in the area has been cleared for semi-rural use and recreation. 

The woodland in the area has been cleared for semi-rural use. 

The woodland in the area has been cleared for rural use. May be relocated to 
Bush Forever Site 342. 

The area has been cleared for urban development. 

Centre for Ecosystem Management, ECU, Joondalup 9 
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SECTION I -ENVIRONMENTAL WATER REQUIREMENTS OF 
GROUNDWATER DEPENDENT ECOSYSTEMS 

1.1 BACKGROUND ON ECOLOGICAL WATER REQUIREMENTS 

GROUNDWATER DEPENDENT ECOSYSTEMS 

Throughout Australia, the future of groundwater resources are being reviewed due to increasing 
pressure from consumptive uses for agriculture, mining, urban and commercial developments. The role 
which groundwater plays in controlling the health of major ecosystems across Australia is also being 
increasingly recognised. To ensure the continued health of these ecosystems, the respective needs of 
the principal users of groundwater, that is groundwater-dependent land uses and ecosystems, need to 
be formally recognised and provided for. Recognition of groundwater dependent ecosystems as a 
distinct group is relatively recent and may largely be attributed to work by Hatton and Evans ( 1998), 
although management of Groundwater Resources in Western Australia has recognised the importance 
of provision of water to the environment since 1986 (Water Authority of Western Australia, 1986). 
Groundwater dependent ecosystems can be defined as a complex community of organisms where 
groundwater is a key element required for consumptive use, biophysical processes or as habitat 
(Sinclair Knight Merz, 200 I). At present, the importance of the role groundwater plays in controlling 
these ecosystems is poorly understood. If policy and management systems are to consider groundwater 
dependent ecosystems they require quantitative estimates of their water needs. Consideration of water 
requirements of groundwater dependent ecosystems has been a recent addition to water allocations 
decisions and therefore the allocation process is faced with little knowledge regarding the water needs 
of these ecosystems and the methodologies available for determining these. 

ECOLOGICAL WATER REQUIREMENTS 

All ecosystems require water to maintain their ecological processes and associated communities of 
plants and animals. Ecological water requirements (EWR) describe water regimes needed to sustain the 
ecological values of water dependent ecosystems at a low level of risk (ARM CA NZ / ANZECC, 1996). 
A water regime can be defined as the prevailing pattern of water behaviour over a given time, 
components of which are groundwater depth, rate of groundwater level rise and duration . Estimations 
of the water regimes required by an ecosystem are developed through strategic scientific research or 
through the application of local knowledge based on many years of observation. Determining 
ecological water requirements for an ecosystem involves identifying those aspects of the natural water 
regime that are most important for maintaining key ecosystem features and processes. EWRs include 
elements of quantity and duration and apply both spatially and temporally and are used to inform water 
resource management and decision makers in the determination of environmental water provisions 
(EWP). The EWP is the water regime that should be met after consideration of social, economic and 
ecological water requirements and may involve trade-offs between these requirements. Clearly, it is 
desirable that the EWR and EWP are the same, however, they may not be equal due to conflicts over 
the use of water. In such cases the issue of whether the EWP should be equal to or less than the EWR 
will largely depend on the relative importance placed upon the protection of ecological values by the 
community concerned. 

Until the early I 970's, the management of water resources in Australia was predominantly concerned 
with the assessment, development and harnessing of new water resources for irrigation, urban and 
industrial , stock and domestic water supply. However, there is now considerable and increasingly 
effective public and political pressure for authorities to manage water resources to meet both the 
traditional needs as well as providing water for the environment. 

The Council of Australian Governments endorsed reforms in 1994 to achieve a sustainable water 
industry that included allocations for the environment and greater environmental accountability of 
water resource developments. The National Principles for the Provision of Water for Ecosystems 
( 1996) produced by the Agriculture and Resource Management Council of Australia and New Zealand 
(ARMCANZ) and the Australia and New Zealand Environment and Conservation Council (ANZECC) 
provide the basis for considering EWRs as part of water allocation decisions by water resource 
managers . In Western Australia, the Water and Rivers Commission is the lead agency in water 

Centre for Ecosystem Management, ECU, Joondalup 
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resource management. ln 2000, after considerable consultation with the community, the Commission 
released its Environmental Water Provisions Policy. The Policy sets out the principles and processes 
for detennining EWPs in WA. 

The goal for providing water for the environment is to sustain and where necessary restore ecological 
processes and biodiversity of water dependent ecosystems. Therefore, before EWRs for an ecosystem 
can be stated, and water provisions set, identification of environmental values need to be considered 
and criteria developed to protect these values if necessary. Issues considered in identifying 
environmental values of groundwater dependent ecosystems include the abundance and diversity of 
flora and fauna, the degree of disturbance and the uniqueness of these characteristics . 

The groundwater dependency of many ecosystems within Australia is directly linked to the large areas 
that experience low surface water inputs due to a semi-arid to arid climate or to seasonal droughts 
experienced across much of the continent. ln a report prepared for L WRRDC, Hatton and Evans (1998) 
identified a number of GDEs in Australia. As a starting point in the identification process they 
suggested it was unlikely for any ecosystem to evolve in the presence of groundwater without having 
some reliance on it. They further suggested that if the availability of groundwater was reduced or its 
quality altered, these ecosystems would respond in a negative maimer regardless of their degree of 
dependence. The magnitude of dependence was in turn, used to assess and rank the significance of 
different GDEs. 

IDENTIFICATION OF GDES 

The GDE identification process can be as straightforward as simple association. For example, an 
ecosystem associated with a groundwater fed wetland or fauna found in pennanent cave-streams . 
However, the reliance of other ecosystems on groundwater may be much less obvious. For example, 
the groundwater dependence of terrestrial vegetation ecosystems can be demonstrated using the stable 
isotope technique. This method is based on the naturally occurring stable isotopes concentrations, 
which demonstrate differences in hydrogen isotope ratios between potential plant water sources, for 
example, soil water and groundwater (Ehrlinger & Dawson, 1992; Hatton & Evans, 1998; Walker & 
Richardson, 1991 ). Due to the complexities of surface and groundwater interactions, it is often difficult 
to determine the extent to which an ecosystem depends on one water source or the other. Stable isotope 
techniques can also be useful in stream and river flow systems in which groundwater often maintains 
surface water levels long after rainfall has stopped (Roberts, Young, & Marston, 2000) . 

Leaf area index (LAI) or the biomass of vegetation in a given area, is generally regarded as a simpler 
yet effective means to identify GDEs (Roberts et al. , 2000). L

0

Al works on the assumption that 
vegetation which has access to groundwater in dry regions would be expected to have greater leaf area 
than vegetation that was entirely rain dependent. Hatton and Evans (1998) also described the strong 
relationship between water availability and 'greenness ' and concluded that LAI is therefore a good 
indicator of GD Es in semi-arid to arid environments. 

Another method relates to observed or measured changes in the compos1t1on and/or structure of 
vegetation and animal communities in response to changes in groundwater availability or quality 
(Froend, Farrell, Wilkins, Wilson, & McComb, 1993; Research Group on Groundwater Management, 
1989; Roberts et al. , 2000). Measurable changes in the vigour of wetland vegetation, associated with 
reduced water availability, are the precursor to changes in distribution and composition. As water 
requirements are not being met, the vigour of individuals within a population will decline (water stress, 
branch die-back, reduced growth, leaf shed, chlorosis), leading to loss of individuals at drier areas of 
the water availability gradient (altered distribution), or total loss of the local (within wetland) 
population (altered wetland composition). Any such changes provide an indication that the ecosystem 
under consideration is potentially groundwater dependent. 

Following the methodologies outlined above and an extensive literature review, Hatton and Evans 
( l 998p. l) identified four major types of GD Es covering up to 6% of the Australian land-surface: 

Terrestrial vegetation - vegetation communities with seasonal or occasional dependence on 
groundwater (phreatophytic) 
Wetlands - aquatic communities and fringing vegetation dependent on groundwater fed lakes and 
wetlands 

Centre for Ecosystem Management, ECU, Joondalup 
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Aquifer and cave ecosystems - aquatic ecosystems that exist in karstic, cave, porous and fissured 
aquifers. 
River base flow systems - riparian or aquatic ecosystems found along rivers or streams in which 
groundwater flow is a component of the base flow or mean annual flow (These systems are, strictly 
speaking, a hydrogeological concept not a class of ecosystem). 

Further work by Evans and Hatton (S inclair Knight Merz, 200 I) resulted in two new categories of 
GDEs being added: 

Terrestrial fauna - native species that use groundwater directly for purposes other than habitat. 
Estuarine and near-shore marine ecosystems - plant and animal communities reliant to some 
degree on the discharge of groundwater. 

GROUNDWATER ATTRIBUTES RELATED TO DEPENDENCY 

Environmental Water Requirements can be described in terms of basic groundwater features. Evans 
and Hatton (Sinclair Knight Merz, 2001) identified four groundwater attributes on which the 
dependency of GD Es is based: 

Flow or flux - the rate and volume of groundwater required to sustain an ecosystem. 
Level - for unconfined aquifers, the depth below the ground surface of the water table. 
Pressure - for confined aquifers, the potentiometric head of the aquifer and its expression m 
groundwater discharge areas. 
Quality - the chemical quality of groundwater. 

Determination of EWRs requires an understanding of the relationship between these attributes and the 
dependent elements of an ecosystem and of the nature of any temporal variations. While GDEs will 
respond to changes in any of these attributes, the degree of change will vary. Some GD Es may show a 
threshold response, whereby exceeding an attribute value will result in ecosystem collapse. Others may 
only show a gradual change in structure, composition or health (Sinclair Knight Merz, 2001 ). 

LEVELS OF ECOSYSTEM DEPENDENCY ON GROUNDWATER 

Part of the GOE identification process is the determination of the degree of dependence of an 
ecosystem on groundwater sources. This is an important step in describing the potential impacts of 
altered water levels on dependent ecosystems. In their assessment, Hatton and Evans (I 998 p. l) 
considered that the " .. . degree of dependence on groundwater was proportional to the fraction of the 
annual water budget that the ecosystem derived from groundwater." They described five levels of 
groundwater dependence: 

Ecosystems entirely dependent on groundwater - ecosystems that would be lost in response to any 
change in groundwater. Examples of these ecosystems in Western Australia include karstic 
groundwater systems in Yanchep and Cape Range. 

Ecosystems highly dependent on groundwater - ecosystems that would demonstrate substantial 
decreases in health or changes in structure or composition in response to moderate changes in 
groundwater discharge or water tables. Near shore stromatolite systems of coastal Western 
Australia have been identified as having this level of dependence. 

Ecosystems with proportional dependence on groundwater - ecosystems that would show a less 
than proportional change in health, composition or structure in response to a change in 
groundwater. Examples from Western Australia include damplands and sumplands of the Swan 
Coastal Plain and base-flow dependent systems of the south-west. 

• Ecosystems which may only use groundwater opportunistically or to a very limited extent - long­
term changes in groundwater may have a negative impact on ecosystems which rely on 
groundwater only during drought periods or at the end of a dry season. Short-term reductions in 
water levels may show little impact. The jarrah forest and Banksia woodlands of south-west 
Western Australia provide an example of this level of dependence. 
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Ecosystems with no apparent dependency on groundwater - wetland ecosystems which seem to 
rely solely on surface water, Ecosystems thought to belong to this category include episodic and 
intermittent arid zone wetlands, 

It follows that the greater the level of dependence on groundwater the greater the potential impacts that 
may arise from altered water levels or changes in water quality , 

Evans and Hatton (Sinclair Knight Merz, 2001) identified that an understanding of four key factors was 
required prior to the establishment of policy and management systems for GDEs 

The nature of the groundwater dependency of an ecosystem , 
The water requirements of the ecosystem, 
The groundwater regime required to meet the water requirements, 
The impacts of an altered water regime on the ecosystem, 

1.2 ECOLOGICAL WATER REQUIREMENTS OF DIFFERENT FORMS OF 
GROUNDWATER DEPENDENT ECOSYSTEMS 

TERRESTRIAL VEGETATION 

The largest body of literature on phreatophytic terrestrial vegetation water requirements comes from 
western North America from research carried out on native riparian vegetation (Friedman, Scott, & 
Auble, 1997; Scott, Shatfroth, & Auble, 1999; Stromberg & Patten, 1990; Stromberg, Tress, Wilkins, 
& Clark, 1992), These systems have been massively altered over the last century by water development 
and land use practices , Because of its close dependence on streamtlow, riparian vegetation is very 
sensitive to changes associated with water development and near channel groundwater alterations, 

The rapid decline of these valuable ecosystems has made riparian conservation a focal issue for many 
federal , state and private organisations, Most of the research directed in this area is focused at 
understanding the context of natural variation in plant response to aid in understanding the effects of 
past and current water management Research has been conducted from species to a regional level 
using interdisciplinary approaches to evaluating natural and human-induced changes in the native 
vegetation , Scott & Eggleston (1999) and Shafroth, Stromberg & Pattern (2000) quantified the 
relationship between the patterns of response and mortality in dominant riparian species to groundwater 
depletion due to in-channel sand mining and other anthropogenic mechanisms, Information on the 
extent and timing of vegetation response (changes in morphology, growth and mortality) was matched 
with quantitative data on the rate, depth and duration of water table declines and enabled identification 
of stress or mortality thresholds, 

These studies have aided efforts to promote survival of desirable riparian species and management of 
activities likely to stress this vegetation , Although the outcomes of this research provide means by 
which terrestrial vegetation water requirements can be conceptualised, the quantitative information is 
very specific to shallow depth to groundwater systems in mild, temperate climates , 

In South Africa recently adopted water policy and legislation (National Water Act) has major 
implications for a more integrated sustainable management of both ground and surface waters (DW AF, 
1997), In the past, excessive utilisation of groundwater has impacted the basetlow and impacted on the 
vegetation of numerous perennial rivers and springs (Bate & Walker, 1993; Le Maitre & Scott, 1999), 
The requirements of vegetation that depend on groundwater in these ecosystems are poorly understood 
and is an issue that will have to be addressed to meet the obligations of the new South African Water 
Act These requirements will place new demands on water resource managers to ensure that utilisation 
does not lead to damage to the environment, including ecosystems which depend on groundwater, 
Therefore a greater understanding of the groundwater requirements of plants will be required to enable 
the determination of water reserves for ecological purposes before water-use licenses may be granted or 
renewed, 

Traditionally, in South Africa, research on the interaction of plants and water sources has been in the 
domain of the hydrological sciences and divided between disciplines of surface and groundwater 
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hydrology . This division has been addressed during the water law review process recognising that 
surface and groundwater system are indivisible (DWAF, 1995, 1996). As a result, vegetation­
groundwater interactions are the focus of renewed interest towards a holistic approach and integrated 
management of natural resources in South Africa. This growing interest is likely to generate new 
information on determining vegetation water requirements in the near future . 

In Australia, riparian vegetation has received the most attention when estimating the quantitative 
groundwater needs of vegetation . Although consideration of riparian vegetation has been a recent 
addition to environmental water requirement methodologies, approaches have already been described 
by Roberts et al. (2000) for floodplain vegetation . In addition, research has been conducted in the 
Murray River basin in South Australia to determine the importance of alluvial groundwater in 
supplying water to the riparian eucalypt forest. Results indicate that groundwater plays a significant 
role, with this vegetation drawing a substantial proportion of its water requirements from shallow 
alluvial aquifers of the Murray River basin (Bacon & Stone, 1993; Thorburn, Walker, & Brunel, 1993). 

More recently a descriptive desktop methodology for identifying potential groundwater requirements of 
native vegetation was developed for the Nature Conservation Council of New South Wales (PPK 
Environment & Infrastructure Pty Ltd., 2001 ). The aim of the method is to enable classification of 
potential groundwater dependency of vegetation without conducting field studies by prompting the user 
to define and assess characteristics of the vegetation and the study area. 

In Western Australia the majority of work undertaken on the water requirements of terrestrial 
vegetation has focussed o.n the coastal region of the south-west coast. Of the two large unconfined 
aquifers that underlie this region, the GD Es of the no1thern aquifer, the Gnangara Mound, are amongst 
the most studied and best understood systems in the country. 

Large areas of woodland, predominantly Banksia, occur across the Gnangara Mound. Many of the tree 
and deep rooted shrub species associated with these communities are phreatophytic, that is, capable of 
obtaining groundwater from the zone of saturation either directly or through the overlying capillary 
fringe (Meizner, 1923). The groundwater dependency (phreatophytic nature) of these ecosystems has 
been acknowledged since the early 1970s when groundwater abstraction first commenced in the area 
(Arrowsmith, 1996). However, studies have often merely inferred phreatophytic behaviour from 
observations of deep root systems, response to groundwater declines and water balance studies. 

Root system excavations of Banksia woodland species identified deep rooting patterns and an 
associated ability to reach depths close to or penetrating the underlying water table (Dodd, Heddie, 
Pate, & Dixon, 1984; Farrington, Greenwood, Bartle, Beresford, & Watson, 1989; Matizke & and 
Associates, 1991 ; Nicoski , Groom, & Froend, 1997). The inference drawn from these observations was 
that as deep rooted woodland species access groundwater they are also capable of using it. 

Vegetation mortalities have occurred across the Gnangara Mound in areas of groundwater abstraction 
in response to altered groundwater regimes. Results of an investigation into these deaths indicated that 
trees found growing in areas where the depth to groundwater was shallow, between 3 and 5 metres, 
were most susceptible to changes in water level where declines had been too rapid to provide adequate 
time for root systems to respond. (Water Authority of Western Australia, 1992). A subsequent study by 
Groom, Froend, Mattiske & Koch (2000) demonstrated the differences in responses between deep­
rooted phreatophytes and shallow-rooted non-phreatophytes in Banksia woodlands . These studies 
provided further observational evidence of the association between groundwater dependence and 
terrestrial vegetation (Zencich & Froend, 200 I). 

Dodd and Bell ( 1993) were the first to demonstrate an association between plant water relations and 
proximity to the groundwater table. They measured seasonal and diurnal water relations in two 
terrestrial Banksia species . Their results indicated that both species had high rates of water usage 
throughout the year including the dry summer months, and must therefore be utilizing groundwater in 
the absence of soil moisture. Other studies of the same species (Grieve, 1955; Grieve & Hellmuth , 
1968, 1970), however, showed low water usage in summer. Dodd and Bell ( 1993) concluded that these 
species were probably phreatophytes, relying on groundwater only where it was available. 

Dawson and Pate (1996) used stable isotope techniques to demonstrate phreatophytic behaviour in 
Banksia species experimentally. Using stable isotopes as tracers, this study demonstrated seasonal 
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vanations in water source usage by illustrating preferences for soil moisture uptake in winter and 
groundwater uptake in summer. Further studies (Zencich, Froend, Turner, & Gailitis, 2002) supported 
the finding that temporal variations exist in water source usage and indicated that spatial variations also 
occur. lntraspecific variations have been demonstrated between individuals from different positions in 
the landscape, while interspecific variations occur primarily as a function of rooting morphology (S . 
Zencich, pers . comm). 

Zencich et al.,(2002) determined seasonal water sources for species growing on a coastal dune system 
that overlies the Gnangara Mound. The plants studied grew over groundwater that ranged in depth from 
2.5 to 30 m. The naturally occurring stable isotope of hydrogen (deuterium, li2H) was used to 
distinguish among potential water sources. lsotopic ratios from vascular water of the dominant species 
of the study area (Banksia ilicifolia and Banksia attenuata) were compared with those of potential 
sources of precipitation, soil moisture and groundwater. A relatively shallow-rooted perennial shrub, 
Hibbertia hypericoides, was also included as an isotopic reference. 

Research undertaken by ECU (Zencich et al., 2002) to determine the water requirements of 
phreatophytic Banksia woodland vegetation identified classes of phreatophytic dependency based on 
the influence of groundwater depth (Froend & Zencich, 200 I). 

Three phreatophytic categories were identified. The greater the depth to groundwater, the lower the 
requirement for groundwater and the more tolerant Banksia are to groundwater decline due to the 
co1Tesponding increase in alternative water sources. These alternative sources are primarily the larger 
volume of unsaturated zone (with increasing soil depth) exploitable by the plant's root system. The 
categories have been based on research on Banksia attenuata and B. menziesii only (Froend & Zencich, 
2001 ). 

Within the categories of 0-3 m, 3-6 and 6-10 m, Bansksia are phreatophytic and derive some of their 
water from groundwater throughout the dry-wet cycle. Between these categories the degree to which 
groundwater is utilised by Banksia is dependent on the proximity of groundwater, availability of 
moisture in shallower horizons of the soil profile, root system distribution and maximum root depth. 
The highest proportion (>50%) of groundwater is used by the 0-3 and 3-6 m depth to groundwater 
vegetation category. Given the apparent high dependency of Banksia in these shallow areas of the 
landscape on summer access to groundwater, it is suggested that they are particularly susceptible to 
groundwater drawdown . Vegetation in the 6-10 m category also use groundwater, however, they use 
proportionately more water from the upper layers of the soil profile as they have a larger volume of 
subsurface soil moisture store beyond the influence of direct evaporation (Zencich et al., 2002). 

The results suggested that both B. attenuata and B. ilicifolia are phreatophytic as they derived some of 
their water from groundwater throughout the dry-wet cycle, with the exception of B. attenuata at the 
site of greatest depth to groundwater (30 m) which did not use groundwater (Zencich et al., 2002). A 
high proportion (>50%) of groundwater use was not maintained throughout all seasons. With the onset 
of the hot Mediterranean summer, progressive drying of the surface soils resulted in increased use of 
groundwater and deep soil moisture. During the wet winter plants used proportionately more water 
from the upper layers of the soil profile. The degree to which groundwater was utilised by the study 
species was dependent on the proximity of groundwater, availability of moisture in shallower horizons 
of the soil profile, root system distribution and maximum root depth. 

WETLAND ECOSYSTEMS 

The relationship between groundwater and wetlands has been the focus of much research world-wide 
and represents a body of work too extensive to review in this report. This section will therefore focus 
on one component of wetland ecosystems providing a brief overview of wetland vegetation and 
groundwater dynamics. 

There are a number of components of the water regime that influence wetland vegetation (Roberts et 
al. , 2000). The season of flooding determines the climatic variables, such as day length and temperature 
that persist during inundation (Roberts et al. , 2000). The combination of climatic variables and water 
availability a .species requires will determine when it grows and reproduces (Roberts et al., 2000). The 
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rate at which water rises is important as a rapid increase in depth will not allow emergent species to 
grow quickly enough to stay above the water (Brock & Casanova, 1997). The frequency of flooding 
and the interval between flood episodes are also important for growth and reproduction . For example, 
the seeds of some species may become unviable if dry for too long a period, while other species may 
require lengthy dry periods to germinate and establish (Roberts et al., 2000). 

The most important components of the water regime, however, are the depth of inundation and the 
duration of the flood event (Roberts et al. , 2000) . The impact of depth is dependent on the size and 
growth form of a species . As discussed above large species can grow above the water, however, 
smaller plants will drown (Roberts et al. , 2000). The duration of inundation, or the time that surface 
water is present, will determine whether some species produce sexually or vegetatively, or whether 
others, tolerant of short periods of inundation only, will survive at all (Roberts et al. , 2000). These two 
water regime components are also the most significant as they have a greater impact on a wider range 
of species than other factors. For example, inundation will kill many intolerant species regardless of 
the season of flooding and rate of rise (Mountford & Chapman, 1993). 

A strong relationship therefore exists between the distribution, growth and reproduction of wetland 
vegetation and the depth and duration of seasonal flooding (Brownlow, Sparrow, & Ganf, 1994; Froend 
& McComb, 1994; Mountford & Chapman, 1993; Neilsen & Chick, 1997). This relationship is 
especially obvious where vegetation forms bands around a wetland and each successive band is less 
tolerant of inundation (Wheeler, 1999). 

Altered water regimes also demonstrate the importance of water levels to wetland vegetation (Wheeler, 
I 999). As each species is adapted to a specific water level range, or hydrological envelope, any change 
in water levels can ultimately affect its distribution. Long-term persistent changes can cause a shift in 
community composition and structure as species better adapted to the new conditions become 
established (Harding, 1993). Lowering water tables can result in the loss of species intolerant of drying 
and their gradual replacement by terrestrial species with drier hydrological (Keddy & Reznicek, 1986; 
Moore & Keddy, I 988). Changed climatic patterns and human activities such as groundwater 
abstraction are the main causes of declining water levels in Australia (Balla, 1994; Froend et al. , 1993). 

Due to their larger size, longer life-span and more expansive root systems, wetland trees are often more 
tolerant and respond more slowly to changes in water levels than other wetland species (Balla, I 994; 
Jenik, 1990). Muir ( I 983) found evidence of this in a study of vegetation of sandplain wetlands, in 
which a young band of trees was found growing inside a band of an older species known to be more 
tolerant of inundation. This suggests that, although conditions had dried enough to allow the new 
species to establish , the other wetland trees persisted. 

Emergent macrophytes, that is sedges and rushes with vegetative parts emerging from seasonal fresh 
water (Semeniuk, I 987), respond much quicker to altered water regimes than trees and many other 
perennial wetland species (Froend et al. , I 993). Not only are they lost to declining water tables, like 
many species they are also affected by rising (McComb & Lake, 1990; ter Heerdt & Drost, I 994). 
Increased groundwater levels can result from climatic changes as well as increased runoff from urban 
areas and the removal of native vegetation (Balla, 1994 ). 

Emergent macrophytes generally respond to increasing water depths in two ways (van der Valk, 1994). 
Firstly, if levels rise quickly, they may be lost due to drowning if they do not have enough leaf area 
above the water surface to allow respiration (van der Valk, 1994). Secondly, if the water rises more 
gradually they may respond by migrating upslope to more suitable (Froend & McComb, 1994; van der 
Valk, 1994). Migration downslope will occur in response to lower water levels (Froend & McComb, 
1994; ter Heerdt & Drost, 1994). 

The distribution and composition of perennial wetland shrubs, herbs and ferns are also influenced by 
water level gradients (Harding, I 993 ). These species generally tolerate lower depths of inundation for 
shorter periods than trees and emergent macrophytes and are often more prominent as fringing species 
(Keddy & Reznicek, I 986). However, changed water regimes will affect these species in a similar 
fashion to the emergent macrophytes as they are either lost or migrate to more suitable water levels 
(Keddy & Reznicek, 1986). 
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The groundwater dependence of many wetland ecosystems has been largely inferred from their position 
in the landscape, their response to altered water regimes and the occurrence of vegetation species 
associated with shallow groundwater. Hatton and Evans (1998) described the groundwater dependence 
of wetlands as ranging from entirely dependent through to highly dependent and proportionally 
dependent, according to the permanence of the water body. For example permanent lakes were 
classified as entirely dependent, while seasonally wet or waterlogged wetlands supporting fringing 
vegetation communities were described as only proportionally dependent. 

Groundwater dependency of wetlands has also been inferred through the impact of altered water 
regimes on the distribution and composition of wetland ecosystems (Carbon, 1976; Havel, 1975; 
McComb & McComb, 1967). Unlike terrestrial vegetation, wetland species are often shallow rooted 
having adapted to shallower water tables (Groom et al., 2000; Muir, 1983 ). Therefore, in response to 
declining groundwater levels species are either lost from a wetland or have migrated towards more 
suitable water levels, to be replaced by more xeric species (Froend et al., I 993; Groom et al., 2000; 
Muir, I 983; Research Group on Groundwater Management, I 989). 

Wetlands also support a diverse range of fauna including invertebrates, fish and birds. Many 
invertebrate species have no requirement for permanent surface water due to a desiccation resistant life­
stage or to a long-lived, non-aquatic adult stage (Balla & Davis, I 993; Davis, Harrington, & Friend, 
1991; Davis & Rolls, 1987; Water Authority of Western Australia, 1986). They do, however, require 
water to complete their life-cycles with many also dependent on emergent wetland vegetation for 
habitat and food (Arrowsmith, 1996), while other invertebrates and fish species depend on permanent 
water for all life-stages (Water and Rivers Commission, I 997). Waterbirds rely on wetlands as 
breeding sites, feeding grounds and drought refuges (Arrowsmith, 1996; Storey, Vervest, Pearson, & 
Halse, 1993). The groundwater dependency of the fauna! component of wetland ecosystems can be 
initially inferred as they occur in groundwater-fed systems and a fundamental tenet of ecology is that 
ecosystems will generally use resources in proportion to their availabilty. Secondary inferences arise 
from their potential loss from a wetland as a result of declining water tables and the associated 
reduction in surface water and/or wetland vegetation. 

The presence at a site of a suite of known wetland vegetation species can also identify an ecosystem as 
groundwater dependent. Froend & McComb, (1994) identified IO key species common across the 
Gnangara Mound of which one or more were likely to occur at any wetland. Muir (1983), Smith and 
Ladd (1994) and Groom et al. (2000) discussed a group of shallow-rooted, myrtaceous shrub species 
commonly associated with winter-wet depressions concluding that these species were generally reliant 
on shallow groundwater tables. 

Loomes (2000) described the water depth ranges of 60 wetland vegetation species found across the 
Swan Coastal Plain in Western Australia. The distributions of these species across 27 annually 
monitored permanent transects were compared to monthly surface water data to determine the mean 
minimum and maximum water depths experienced by each species at each wetland (see section 3.1: 
Review of existing methodologies for further detail). Data for all wetlands were combined to provide 
absolute and mean water depth ranges. Loomes and Froend (2001a; 2001b; 2001c) used these ranges to 
review the water level criteria set under the 'East Gnangara Environment Water Provisions Plan' 
(Water and Rivers Commission, 1997) and the 'Review of Proposed Changed to Environmental 
Conditions - Gnangara Mound Groundwater Resources' (Water Authority of Western Australia, 1995) 
and also to assess the potential impacts of altered water regimes on the vegetation of six wetlands in the 
Muir-Byenup peat swamp system (Froend & Loomes, 200 I). 

The methodology discussed above involved the use of hydrological ranges, including depth and 
duration, to describe the water requirements of individual species. To establish EWRs for a wetland 
vegetation community at a specific site the ranges of the most susceptible species were considered. To 
determine which species was the most susceptible, comparisons between changes in the cover and 
abundance, health and distribution were made with trends in the current water regime. For example, 
declining water levels may coincide with a decline in health, cover and abundance of an emergent 
macrophyte which requires inundation to a depth not reached in recent seasons. As this species required 
a greater depth of inundation for longer periods of time than all other species at the particular wetland, 
it was deemed the most susceptible and a community EWR set to protect it. In comparison, the same 
emergent macrophyte may have increased in cover and abundance in response to increasing water 
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levels, while at the same time, a fringing tree species in the overstorey showed signs of declining 
health. The tree species was regarded as the most susceptible and EWRs set accordingly . 

CA VE AND AQUIFER (HYPOGEAN) ECOSYSTEMS . 

The ecosystems that exist in cave streams and in aquifers themselves have been identified as entirely 
groundwater dependent (Hatton & Evans, 1998). This level of dependence relates to the evolution of 
these ecosystems in a stable, confined environment and is best illustrated by the potential of any 
changes in water depth or quality to have an impact on faunal assemblages (Gillieson, Hamilton-Smith, 
& Watson, 1995; Sinclair Knight Merz, 200 I). 

Although there is a paucity of literature related to the water requirements of these communities, in 
Europe and the US, hypogean invertebrates are increasingly being recognised for their potential as bio­
indicators of groundwater quality, especially in relation to heavy metals and other pollutants 
(Notenboom, Plenet, & Turquin, 1994; Plenet, 1999; Plenet & Gilbert, 1994; Plenet et al. , 1992). 

A large body of work has been undertaken on the fauna of cave and aquifers systems in north-west 
Western Australia (Bradbury & Williams, 1996; Humphreys, 1993a, 1993b; Humphreys, Poole, 
Eberhard, & Warren, 1999; Poore & Humphreys, 1992) with karst ecosystems of the Cape Range 
recognised as amongst the most diverse in the world (Spate & Thurgate, 1998). Studies have shown 
that the invertebrate species living in these ecosystems are grazers and predators dependent on the 
biofilm that forms in freshwater habitats. These ancient species also provide insights into the 
interconnectedness of groundwater systems, past climate and evolutionary changes. 

Yanchep National Park on the Gnangara Mound contains 273 documented caves (Water Authority of 
Western Australia, 1995). Groundwater streams or pools in five of these systems are known to support 
between 30 and 40 invertebrate species, which is up to nine times higher than the number of species 
recorded elsewhere in the world (Jasinska & Knott, 1991 ). The ability of these species to survive 
drying is unknown, but it is thought that permanent or temporary drying of cave streams represents the 
greatest threat to cave fauna (Jasinska & Knott, 1991 ). 

TERRESTRIAL FAUNA 

Groundwater dependent terrestrial and wetland vegetation provides habitat and food for fauna which by 
extension must also be groundwater dependent (Sinclair Knight Merz, 200 I). However, there are other 
groups of fauna that also depend on groundwater as a source of drinking water. Evans and Hatton 
(Sinclair Knight Merz, 200 I) do not describe the level of dependence of faunal ecosystems, however, it 
can be assumed they are opportunistically dependent as they would use surface water were available. 

This group is dominated by birds and larger mammals, as respiration supplies many small mammals 
with their water requirements (Sinclair Knight Merz, 200 I). Some species of kangaroo are known to 
dig to shallow groundwater while numbers of both native and exotic species have increased as a result 
of the extensive use of groundwater for livestock watering. As a recent addition to the list of 
groundwater dependent ecosystems, little or no research has been undertaken specifically on the 
groundwater dependency of terrestrial fauna. 

RIVER-BASE FLOW SYSTEMS 

Base flow is the part of river or stream flow derived from the discharge of groundwater and bank 
storage (Sinclair Knight Merz, 200 I). River base flow systems support both aquatic and riparian 
vegetation as well as dependent fauna (Hatton & Evans, 1998). The majority of research undertaken on 
these systems internationally relates to the requirements of riparian vegetation in North America and 
South Africa as discussed in a previous section on terrestrial vegetation. 

The river ecosystems of the south-west of Western Australia were classified as proportionally 
dependent by Hatton and Evans (I 998) as base-flow contributes to surface water flow throughout the 
year. Coastal rivers of northern Australia are also proportionally dependent, however, this is due to the 
seasonal nature of surface water availability and the subsequent dependence on groundwater during the 
dry season. 
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The dependency of river base flow systems has been experimentally illustrated through the use of the 
stable isotope technique in the study of water relations ofriver red gums (Eucalyptus camaldulensis) on · 
floodplains in Eastern Australia (Cramer, Thorburn, & Fraser, 1999; Mensforth, Thorburn, Tyerman, & 
Walker, 1994; Thorburn & Walker, 1994; Thorburn et al., 1993; Thorburn, Walker, & Hatton, 1992). 
The findings of these studies generally suggested that the dependency of river red gums on 
groundwater varied with the availability of surface water, but that the uptake of groundwater continued 
throughout the year. 

Despite the body of work by Thorburn and others on the river red gum, there remains a need for further 
research into the interaction between groundwater and surface water and the extent to which riparian 
vegetation depends on groundwater (Arthington & Zalucki, 1998). 

World-wide more than 100 different approaches over 30 countries have been developed to determine 
the environmental flows required to maintain riverine and stream ecosystems and ecological processes 
(Arthington, 2001 ). A large proportion of this work has been undertaken to identify the water 
requirements of freshwater fish species (Koehn, 1988; Pusey, 1998; Shields, Knight, & Cooper, 1994; 
Tenant, 1976) with numerous studies also aimed at the in-stream needs of invertebrates (Davis & 
Humphries, 1995; Gowns, 1998; Halse, 2000). Although base-flows are identified as essential to the 
maintenance of habitat in the form of summer pools (Davis, Harrington, & Friend, 1993; Storey, 2001 ), 
there is little research that addresses the degree of reliance of fauna on groundwater with the literature 
generally focussed on overall water requirements with little distinction made between surface and 
ground.water sources. 

ESTUARINE AND NEAR-SHORE MARINE ECOSYSTEMS 

It is known that mixing at the interface of freshwater and seawater produce a large number of food 
sources and habitat for a diverse range of species . Tidal freshwater marshes provide nursery grounds 
for many anadromous and semianadromous fish species, while organic materials including plants and 
microbes sustain bivalves and crustaceans (Howes, Weiskel, Goehringer, & Teal, 1996). 

The majority of work on these ecosystems has been undertaken in the US and has focussed on surface 
sources of freshwater, however, the importance of groundwater has been increasingly recognised. Early 
studies generated conflicting results with estimates of the volume of submarine groundwater discharge 
ranging from an amount equal to 1 % of river discharge to the ocean to 10% of surface water runoff 
(Simmons, 1992). The focus of later work seemingly shifted from quantitative to qualitative, with 
research in the Gulf of Mexico describing the composition of water from offshore springs through the 
analysis of samples for traces of chemicals and nutrients that originated in freshwater (Stuller, 1994). 
More recently, research in Florida has identified a number of negative impacts resulting largely from 
altered groundwater quality, however, the magnitude of these impacts to marine species is still largely 
unknown (Bacchus, 2001a). Changes in volumes of groundwater discharge and a subsequent increase 
in salinity have been identified as detrimental to seagrass and turtle-grass beds in Florida Bay 
(Bacchus, 2001a, 2001b; Duarte, 1995; Durako & Kuss, 1994). 

Hatton and Evans ( 1998) described the majority of estuarine and near-shore marine habitats as using 
groundwater opportunistically or to a very limited extent. The exception to this was the stromatolite 
systems of southern Western Australia which have developed in groundwater fed coastal lakes 
(McNamara, 1992) and were therefore classified as entirely groundwater dependent. Lake Thetis south 
of Cervantes in the Jurien-Arrowsmith area supports stromatolites and should also be classified as a 
GOE. 

The potential of seagrass systems and near shore fisheries to be groundwater dependent has become a 
recent area of focus for marine ecologists (J. Griffith, ECU, pers. comm. 2001 ). Studies have shown 
that seagrass composition can be altered following groundwater abstraction and the resultant reduction 
in freshwater input (Hemminga & Duarte, 2000) . Groundwater may also provide seagrass in some 
coastal areas with nutrients (Hatton & Evans, 1998). 

Mangroves and salt marshes, although strongly associated with salt water, are also known to occur in 
areas where fresh groundwater discharge into the sea (Adam, 1994). The groundwater dependence of 
these systems is unknown, however, Tack and Polk (1999) described a large-scale decline in 
mangroves following groundwater abstraction. 
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The groundwater dependence of marine animals is also largely undetermined. However, fauna 
including fish , turtles, crocodiles and macro-invertebrates may feed on other groundwater dependent 
species or rely on them for habitat (Haywood, Vance, & Loneragan, 1995; Hyndes, Potter, & Lenanton, 
1996; Sinclair Knight Merz, 200 I). 

Despite increasing interest in the importance of groundwater discharge to near-shore marine and 
estuarine ecosystems a great number of questions regarding the nature and degree of dependence 
remain unanswered. 

1.3 REVIEW OF EXISTING APPROACHES TO DETERMINING ECOLOGICAL 
WATER REQUIREMENTS 

A number of approaches have been developed to determine the water requirements of water dependent 
ecosystems. The majority of these, however, focus on the requirements of systems dominated by 
surface water flows with fewer approaches directed entirely towards groundwater dependent 
ecosystems. The approaches that do exist for GDEs generally focus on one type of ecosystem (eg. 
wetlands) or on one component of that ecosystem (eg. wetland vegetation). Surface water system 
approaches are more holistic in nature, considering the requirements of the many interacting 
components of river systems. Further differences exist in terms of the spatial scale of approaches, for 
example the water requirements of an individual wetland or an entire catchment. The greatest 
variation, however relates to available time and resources . These factors in turn influence the extent of 
fieldwork, intensity of data analysis and the level of involvement by experts . 

In this section, the existing WA approach for GDEs will be summarised and general strengths and 
limitations assessed. For a full review and comparison of other approaches used for groundwater and 
surface water systems, refer to Froend and Loomes (2004). Particular emphasis will be placed on 
identifying the recognised weaknesses of past WA approaches and improvements in a revised approach 
to determining EWRs for GDEs. 

CURRENT WA APPROACH 

The current WA approach is defined here by the Review of Proposed Changes to Environmental 
Conditions, Gnangara Mound Groundwater Resource (Section 46) - Western Australian Water 
Authority ( I 995). 

In response to further proposed increases in groundwater abstraction, changes in private groundwater 
usage and an improved understanding of groundwater dependent ecosystems, a review of 
environmental conditions of the Gnangara Mound was undertaken (Section 46) (Water Authority of 
Western Australia, 1995). The requirements of three types of GDEs were determined, wetland 
ecosystems, terrestrial vegetation and cave streams. 

The specific approach to defining EWR was; 

Identification of GOE components (wetlands, terrestrial vegetation, cave streams and pools). 
Selection of representative parts for which EWRs were set to ensure appropriate protection for 
the region . 
Identification of values of those parts, including social and environmental aspects. 
Determination of management objectives based on the values . 
Establishing water levels for each ecosystem component that satisfy the identified 
management objectives and which define the EWR. 

Determination of EWRs for wetland ecosystems involved the following steps; 
I . Identifying characteristics of the wetland. 
2. Identifying values of the wetland, both environmental and social. 
3. Determining management objectives that reflect wetland values, in particular those achievable 

through management of water levels . 
4. Developing a water regime consistent with the management objectives, with water levels to 

describe that regime. 
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Wetlands were identified as groundwater dependent ecosystems and wetland vegetation was selected as 
the representative component for protection due to the interdependent nature of wetland biota. 
Management objectives included conserving the existing distribution and composition of fringing and 
emergent vegetation. EWRs were set as minimum and maximum water levels. Absolute minimum 
water levels for each wetland were set to ensure populations of the sedge Baumea articulata were 
sufficiently inundated and that surface water was present long enough for aquatic invertebrates to 
complete their life-cycles. The water requirements of B. articulata were considered as this species is 
known to be the most susceptible to declining water levels. Maximum water levels were based on 
ensuring wetland trees were dry for a minimum period per year. 

The approach to setting EWRs for terrestrial vegetation was identified separately to that for wetlands, 
with the aim of determining water levels required for survival and a level of drawdown that could be 
tolerated by the vegetation. The approach involved; 
I. Identification of areas of susceptible native vegetation. 
2. Selection of monitoring bores within the areas that best represent water table levels and which can 

be used to monitor compliance with water levels. 
3. Defining rates of change and minimum groundwater levels to minimise the potential for vegetation 

deaths due to water stress. 

This involved the setting of absolute and preferred minimum groundwater levels that did not represent 
a static volumetric amount. Instead, these were expressed as dynamic water level regimes that could be 
changed in response to differing needs and situations . In areas where extraction had already been 
occurring and had resulted in a stabilised drop in the watertable, the philosophy of no further impact on 
groundwater levels was adopted. 

Minimum water level requirements were selected for susceptible terrestrial vegetation, those existing at 
shallow depths to groundwater (0-8 m), on the basis of previously observed water levels and resulting 
impacts on the vegetation. Minimum groundwater level requirements were determined using historical 
monitoring records from groundwater monitoring wells located within areas of susceptible vegetation. 
The hydrographs from the monitoring well data were analysed to ascertain a 'normal' minimum 
groundwater level defined as the average minimum groundwater level occurring at the end of summer 
periods in the early 1970's prior to abstraction and the continuing drought period. The absolute 
minimum groundwater level was determined by subtracting 1.5 m from what was considered to be the 
'normal' groundwater level. 

In areas where abstraction had not been occurring for long enough to result in a stabilised watertable, a 
vegetation water stress study was used to derive the maximum rate of watertable drop that could still 
support the extant vegetation. The study indicated that the overstorey component of the vegetation 
could tolerate a water table drawdown of 1.5 m in total (this is where the figure of I .5 m was derived to 
arrive at absolute groundwater levels), and that this drawdown could be tolerated at no more than an 
average rate of O .2 m per year. 

Due to the limited information on groundwater levels in cave streams and pools at the time of the 
Section 46 review, EWRs were not set. However management objectives were developed to maintain 
the existing hydrological regimes and permanent water in streams supporting fauna. 

EWPs were established following comparisons of groundwater modelling of preferred abstraction and 
land use scenarios and EWRs. Finally, management and monitoring programs were implemented to 
minimize the impact of land use activities on groundwater resources and GDEs. 

Strengths and limitations 

The setting of EWRs for a wetland based on the pre-determined requirements of a single vegetation 
species (Baumea articulata) represents a relatively quick and inexpensive approach. The use of a 
species identified as most susceptible to water levels changes also ensures that the requirements of 
other, less susceptible species are met. However, this species generally occurs only in wetlands that 
hold surface water for some part of the year, making the approach inapplicable to many systems. 
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The use of pre-determined requirements in the approach for terrestrial vegetation is also quick and 
inexpensive. However, setting the same water levels for susceptible vegetation (0-8m groundwater 
depth) does not recognize the variation in dependence of vegetation at different depths to groundwater. 
For example, vegetation at 0-3m is more susceptible to drawdown than that at 6-8m . Setting a 
maximum allowable drawdown of 1.5m also does not consider the greater susceptibility of vegetation 
at shallower depths to groundwater. 

This approach was, however the first attempt at setting preferred and absolute minimum groundwater 
levels that did not represent a static volumetric amount and reflected the dynamic nature of water level 
regimes . 

Since 1995 there have been numerous interim assessments and research conducted on GD Es on the 
SCP and elsewhere [refer to (Froend & Loomes, 2004) for review] that has led to an improved 
understanding of the ecology of these systems and the identification of their EWRs. Incremental 
changes to the approach described above have been made in recognition of observed limitations and 
increased knowledge. A summary of these limitations is presented below. 

Limitations relevant to identification of EWRs: 
• Insufficient consideration of all recognised groundwater dependent ecosystems. The original 

approach assessed wetlands, terrestrial vegetation and cave streams only with little 
acknowledgement in the variability within each type of GOE. 

• Consideration of the water requirements of only one component of a GOE; e.g. determining 
EWRs of a whole wetland based on wetland vegetation water requirements alone. 

• No acknowledgement of the variability in groundwater dependency within a GOE and/or an 
ecological component; e.g. variability in groundwater dependency ofphreatophytic vegetation 
relative to depth the water table and hydrological ranges (tolerances) of wetland vegetation. 
Leads to insufficient awareness of biological/ecological variability and incorrect 
interpretation of EWRs as absolute 'thresholds ' of tolerance. 

• Simplification of water requirements into minimum water table depths without recognition of 
other hydrological variables important to the ecology of the system; e.g. duration, timing and 
rate of seasonal flooding/drying and the episodicity of extreme flooding/drying events . 

• No consideration of cumulative effects of reduced groundwater availability or a lag-response 
in the ecology. 

• No consideration of the resilience of GD Es to drawdown impacts. 
• Consideration of GD Es as single units only without a system/catchment approach towards 

identifying water requirements and possible impacts . 
These limitations have often led to the identification of EWRs that do not accurately reflect the 
requirements of the ecology, often resulting in technical breaches of environmental conditions (without 
obvious ecological impact) or understated water requirements leading to unexpected environmental 
impacts . 

Other limitations reflect how EWRs are used in the determination of environmental water provisions 
(EWPs) or determining likely impacts. Limitations relevant to identification ofEWPs: 

• Absence of a risk ( of impact) assessment incorporating variability in current vulnerabilities 
(water requirements and drought stress) and potential degree of change/impact. 

• Management (environmental compliance) criteria based on simplified minimum 'threshold' 
water table levels without consideration of acceptable changes to ecological values. 

• Direct translation of EWRs to EWPs or management criteria without sufficient consideration 
of social and economic water requirements. 

• Inaccurate assessment of groundwater levels/wetland surface water level relative to GDE 
ecology; e.g. no groundwater monitoring at vegetation monitoring sites. 

REVISED APPROACH 

Revision of the current WA approach to identification of GOE EWRs should involve the adoption of 
frameworks described in SKM (2001) and Froend and Loomes (2004). Specifically, a revised approach 
should: 

• Recognise all identifiable GDEs within the study region and set about collecting sufficient 
information to identify their EWRs. In the case of the SCP, this would see the expansion of 
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wetlands assessed to include damplands, assessment ofphreatophytic vegetation over a variety 
of depths to groundwater, assessment of baseflow-dominated systems, the inclusion of near­
shore marine and estuarine systems and increased assessment of cave and mound spring 
systems. 

• Consider the EWRs of as many components of the GDE ecology for which necessary data are 
available. For example, this would require the determination of wetland EWRs to be an 
integration of vegetation, vertebrate, macroinvertebrate and physicochemical water 
requirements. Single components may dominate the EWR assessment of particular GD Es if 
insufficient data exist to incorporate the other components of the ecology, or if the 
requirements of one component (e.g. 'umbrella' species) can be demonstrated to cater for all 
other key components. 

• Acknowledge variability in EWRs within ecological components (e.g. vegetation) of a GDE. 
Not all phreatophytic vegetation has the same degree of dependency on groundwater and 
therefore the same response to drawdown. This variability in dependency has a significant 
effect on the risk of impact from groundwater drawdown. The expression ofEWRs should 
therefore incorporate the range in water requirements (not absolute 'threshold' values only) 
and or categories of differing requirements/dependency. 

• Recognise other hydrological variables important to the ecology of the system; e.g. duration, 
timing and rate of seasonal flooding/drying and the episodicity of extreme flooding/drying 
events. 

• Consider the cumulative effects of reduced groundwater availability by assessing historical 
changes in wa·ter tables/surface water levels and determine the net change in groundwater 
availability over key periods of time. This historical change should then be considered in 
addition to any impacts from proposed developments . A lag-response in a GDE may occur 
after EWRs have been compromised for some time without obvious ecological response. 
Identification ofEWRs should consider the rate at which GDEs are likely to response to 
changes in groundwater availability. 

• Acknowledge the resilience ofGDEs to altered groundwater availability. Ecological values 
are able to be restored/maintained if remedial/mitigation practices are put in place. Therefore a 
longer-term perspective in water requirements necessary to maintain ecological values should 
be adopted. 

• Consider system/catchment level water requirements as well as single GDE requirements . 
Important landscape level ecological processes should be considered, e.g. acid sulphate soils. 

Centre for Ecosystem Management, ECU, Joondalup 
23 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

SECTION 2 -EWRS 

2.1 GENERAL EWRS 

In this section EWRs are described for all GDEs identified in Task I (Table 2). As previous studies 
have not been undertaken on the majority of these systems, their ecological values, condition and 
general structure are widely unknown. At the time of writing, site visits to ' new' wetlands and 
terrestrial vegetation GD Es identified in Task I a.2 were being undertaken. However, assessments of 
values were restricted to vegetation and/or general wetland condition. Assessment of values related to 
macroinvertebrates, waterbirds, other vertebrates and water quality were beyond the scope of these 
assessments, as were assessments of ' new ' cave pool and near-shore marine systems. EWRs therefore 
could not be described for a vast number of GDEs while the EWRs for many others remain qualitative 
and based on what little information is available. However, where the required level of information is 
available detailed/quantitative EWRs are described. 

Vegetation 

Where the dominant vegetation species of ' new ' and 'previously identified' wetlands have been 
determined, basic water requirements were described (Table 4). These were based on a previous study 
of minimum and maximum water depths and duration of inundation experienced by common tree, 
shrub and emergent macrophyte species of monitored Gnangara and Jandakot wetlands (Loomes, 
2000). Comments on the likely magnitude (m) and rate (m/year) of water level decline a wetland can 
tolerate were also noted (Tables 2 and 3). 

Due to the vast number of 'new' wetlands, dominant species are merely listed. The following 
represents the water depth ranges of the most common/dominant species at 'new' wetlands; 
• M. rhaphiophy lla - mean 0.006 to -2.14 m, absolute 1.03 to -4.49 m. 
• M. preissiana - mean -0 .54 to -2.62 m; absolute 1.03 to -5.04 m. 
• E. rudis - mean -0 .7 to -3 .26 m, absolute 1.03 to -6 .44 m. 
• B. littoralis - mean -0.39 to -1 .92 m, absolute 0.43 to -3 .09 m. 
• B. articulata - mean 0.28 to -1.22 m, absolute 0.81 to -2.59 m. 
• T orientalis - mean 0.74 to -0 .95 m, absolute 1.49 to -1.9 m. 
• A. fascicularis - mean -0.35 to -2 .26 m, absolute 1.03 to -4.6 m. 

Duration of inundation (mean months/year) for the same set of species is as follows ; 
• M. rhaphiophylla - mean 2.15, absolute 9.4 (months/year). 
• M. preissiana- mean 0.6, absolute 4.4 (months/year). 
• E. rudis - mean 1.55, absolute 12 (months/year) . 
• B. littoralis - mean 0.3, absolute 2.8 (months/year). 
• B. articulata - mean 3.26, absolute 12 (months/year). 
• T orie11talis - mean 7.7, absolute 12 (months/year). 
• A. fascicularis - mean 0.66, absolute 2.6 (months/year). 

EWRs for terrestrial vegetation were based on previous investigations into the tolerance and 
dependence of selected Banksia sp. to various groundwater regimes (Froend, Loomes, & Zencich, 
2002; Froend & Zencich, 200 I). ln these studies the potential risk of groundwater declines to 
phreatophytic vegetation were qualitatively assessed . The risk assessment involved categorising areas 
according to the depth to groundwater as follows ; 
• 0-3m 
• 3-6m 
• 6-I0m 
• > I0m. 

Within each of these depth categories, an individual plant is thought to respond to the magnitude of 
drawdown according to a species response curve (Tables 2 and 3). The threshold curve has so far only 
been developed for two Ba11ksia species on the Swan Coastal Plain, B. ilicifolia and B. attenutata. For 
these species it is suggested that for each depth category, increasing the magnitude of groundwater 
decline will lead to a differing level of response. Those populations in areas of highest water tables (0-
3m) are most highly dependent on groundwater and are therefore at greater risk of impact from the 
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same degree of drawdown than populations at 3-6m and 6-l0m. Where M. preissiana, E. rudis and/or 
B. littoralis occurred within an area of0-3m, the site was regarded as a wetland. 

For each terrestrial vegetation site (or 0-3m site with wetland species) EWRs are described as the risk 
of impact (low, moderate or high) that phreatophytic vegetation of the appropriate depth to 
groundwater category is at for a range of groundwater level declines. Groundwater level declines are 
expressed as magnitude (m) and rate (m/year). For example, phreatophytic vegetation in the 0-3m 
category is at low risk of impact from a decline of0.75m at a rate of0.lm/year. 

Table 2: Risk of impact level and magnitude of permissible change (m) for phreatophtyic vegetation . 

Phreatophytic Low Moderate High Severe 
cate o 
0-3m (wetland) 0-0.25 0.25-0.5 0.5-0.75 >0.75 
0-3m (terrestrial) 0-0.75 0.75-1 .25 1.25-1.75 >1.75 
3-6m 0-1.0 1.0-1 .5 1.5-2.25 >2.25 
6-l0m 0-1.25 1.25-2.0 2.0-2.75 >2.75 

Table 3: Risk of impact level and rate of permissible change (m/year) for phreatophytic vegetation. 

Phreatophytic Low Moderate High Severe 
catego!}'. 
0-3m (wetland) 0-0 .l 0 .1-0.2 0.2-0 .3 >0.3 
0-3m (terrestrial) 0-0.1 0.1-0.25 0.25-0.5 >0.5 
3-6m 0-0.1 0.1-0 .25 0.25-0.5 >0.5 
6-l0m 0-0.1 0.1-0.25 0.25-0.5 >0.5 

Vertebrates 

The water requirements needed to maintain the fauna can only be discussed in a general sense. For 
some species of fauna, such as frogs, the species present may be determined by the lowest water levels 
experienced in the recent past. These would have acted as a bottleneck through which only the more 
tolerant species could pass. For other fauna( groups, however, water levels over successive years will 
have influenced the abundance and presence of species. All that can be confidently stated is that the 
fauna( assemblage present now has been influenced by the recent history of water levels and the current 
levels in the area. This ·faunal assemblage is also dynamic, with rapid changes in some groups but 
gradual changes in others. This means that maintaining current water levels could still lead to changes 
in the faunal assemblage, as it is very likely that the assemblage is still influenced by high water levels 
probably experienced in the 1950s and 1960s. 

Macroinvertebrates 

Although many of the wetlands of the Gnangara and Jandakot mounds support significant 
macroinvertebrate assemblages the water requirements needed to maintain macroinvertebrates can only 
be discussed in a general sense. 

Where macroinvertebrate richness is significant for a wetland the known temporal and spatial habitat 
heterogeneity needs to be maintained by ensuring the mix of vegetation assemblages can persist. 
Vegetation assemblages may include the following; 
• Metaphyton - where known to occur it must remain permanently inundated, all year, every year. 
• Submergent - requires inundation according to the specifications of the dominant taxa. 
• Emergent - requires inundation according to the specifications of the dominant taxa. 
• Littoral assemblages - requires inundation according to the specifications of the dominant taxa. 

Rationale: habitat heterogeneity in SCP wetlands is dictated by water regimes as they interact with 
• Depression/ landscape geomorphology. 
• Vegetation assemblages. 
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• Sediment processes. 
• Water quality. 
• Other biotic/abiotic interactions. 
These factors are all inter-related and the degree to which any or all of these interact or influence 
habitat heterogeneity is wetland dependent. Assigning water requirements to one of these as a surrogate 
for all may, if comprehensively achieved, be adequate to maintain macroinvertebrate richness. 
Choosing vegetation assemblages as the surrogate has the advantages of contributing to structural 
heterogeneity, being likely to reflect and contribute to all other influences anyway, and being more 
likely to be mapped than sediments and water quality. 

Where macroinvertebrate proportional endemism is significant for a wetland then the endemic features 
need to be identified. This is beyond the scope of this work and no EWRs can be set as it requires 
specific understanding of EWR's of endemic species or assemblages. This type of analysis is begging 
to be done for plants, inve11ebrates and microbes. To what degree will endemism be important in 
wetlands of the SCP? Probably relatively low for macroinvertebrates (>0.5 mm), higher for 
microinvertebrates (<0.5 mm). 

Where macroinvertebrate proportional rarity is significant for a wetland then the rare features need to 
be identified. This is usually beyond the scope of this work and no EWRs can be set. However, 
wetland/landscape geomorphology may be a sufficient surrogate for this significant feature, particularly 
since most proportional rarity is encountered in geomorphologically distinct wetlands like springs, 
caves, etc. EWRs can therefore be deferred to those set for these wetlands. This type of analysis gives 
an indication of relative uniqueness and representativeness of any wetland on the SCP. 

Waterbirds/waders 

Although many of the wetlands of the Gnangara and Jandakot mounds support significant waterbird 
assemblages water requirements can only be discussed in a general sense. Comments are made on 
requi_rements in terms of surface water permeance and depth where possible. 

Water quality/sediments 

Although wetland water quality is often impacted by inflow of nutrients and pollutants from external 
sources, in-situ sediment processes also have a major influence. Drying and wetting of sediments 
containing significant amounts of nutrients can result in the remobilisation of nutrients into the water 
column. Drying of sediments can also reduce habitat and expose peats and other types of organic 
matter to fire. The sediment type is generally the determining factor in these processes and may require 
different water regimes. 

Where wetlands have peat or sandy peat, water regime contributions to sedimentary processes leading 
to the formation of peat need to be maintained. To achieve this, sediments must remain saturated/moist 
throughout summer, each year. This means that the water table must not drop below the stratigraphic 
level/layer that is capable of providing water to surface organics through capillary rise during summer. 

Where Baumea articulata dominates the system this species needs to be inundated each year. The 
rationale behind this is that sediments that receive predominantly allochthonous organic matter, usually 
faster than it can be broken down or metabolized or washed away, will accrue layers of peat. This 
process requires a moisture regime to keep sediments anaerobic (to slow the metabolism) and prevent 
them from burning (since burning is very rapid metabolism). EWR's for this objective will need to 
ensure that sediments remain saturated/moist throughout summer, each year, and that vegetation 
communities that contribute the bulk of this material continue to do so. Baumea articulata dominated 
assemblages are identified as such here, but there are others. Sediments need to be mapped across the 
SCP. 

Where wetlands are known to have, or are likely to have potentially acid sulphate soils (PASS) in their 
sediments , anaerobic sediments need to be prevented from drying, cracking and aerating. Exposure of 
anaerobic sediments by lowering water table during periods of high temperatures, exacerbated if 
associated with removing covering vegetation, will produce the undesired effect. To prevent this, 
sediments must remain saturated during late summer and early autumn every year. 
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Sediments need to be mapped across the SCP to identify where PASS occur and where local 
vulnerabilities exist. Management becomes awkward because two management paradigms currently 
operating contradict the water regimes required to prevent PASS. One of the management options for 
eutrophic systems is to dry the sediments out so that phosphorus can be more effectively bound in the 
sediment the other is that most wetlands on the SCP need to dry out seasonally. 

Cave fauna 

Root mat communities of the Yanchep Caves persist in permanent pools or streams. As excessive 
declines in levels are known to expose the suspended root mats and cause them to die-off, stable water 
levels are required . Water quality is also an important issue for cave fauna which require stable pH, DO 
and temperature, with minimal diel, seasonal or annual variation. 
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S1~Jy ofl,\\lo un the Gn•nrm 1nJJu,J1lot mound, llnJer S.:.:lion ~6. 

Suh-i;:roup/ 
GOE 

\\'11lcrrC11,imccomponcnt 

nNAI. 

l>i:111h ofp:round"·a1cr (nci;::ith·c ,·alur) or .u1rf:Acc I lhir:1lion of Inundation or walcrloiutlni;t 
l\·atcr (po.,H!n• \'11iuc) (m) (monlh.Vy-..·ar) 

J,.:il;cWil£!llnlf' 
()7J776~,91) 

l'ipiJinnySwamp 
(Jn0-16!-0nt) 

1..ahNowcrJ!up 
ff7'J, S6.t?'Jl9) 

ll~mbfa!!Cl["Cl'Sisl; 
Subnm~ml - n:qui1csinu11,fationaccurdinglo5p,:cificntions 
ofdomin:intl.:l~. 
J-:mcrgcnl•rcquirc.\ inurxfo1ionnuordinglusp,:cifi"11irin.~of 
domin:ml 1:1-.;.1 
Littorlll - n:quin:sinund.11io1111cconliug 1osp:cilic:uinnsnf 
Jomin:mtl:i.u . 
W11uquallly/M:'d!111tnl proccun 
Sdimc111s musi ri:m:iin s.:Jlur:iccdlmoisl 1hmughou1 the 
summer each ~c:ir. The water rabk Lhcn:forc must 001 drop 
below the s!r.ib£!raphic lcvdllaycr c11)',1bk of pnwidinl! wntcr 
lo surf:icc orp.,:mics Lhroul!h cnpill40· rise durilll! s ummer. 

\'~chtlon-.S yc:irn1c:in1111d11b:.olu1e1111tcrdc:plh r:u1i;cs. 
M. rhupMoph.1/la - mean 0.006 lo -2.14m. absolute I .OJ lo -
4.4 9m. 
JJ. Mlicu/11111 - mc:111 0.28 lo -1.22111, 11bsolulc 0.81 lo -2.59m . 
S«llmcnrproc:r:t.u,s 

. Sediment~ mu!>! n:main s:i luratcdlmoisl thmuJ!hout lhc 
5ummcr cnch year. The wnter table Lhdcfnrc musl r,nC dmp 
below the str.i ti~raphic lcnl lbycr capabk nf l'.f01·iding waler 
In s11rfxcnr};anics lhruui;h capillary rise during summer. 
Tooodrcss PASS.llll~crobicscdimcntsnc,:J lo rem:iin 
5,3 lur11!cdduringblc summcr11mlc:uly1111 ll1mn. 

V~clatlon - 5 ~·car mc1111 nnJ 11bsolu1c wain depth r:mgcs . 
M. rh,qihiophyflu - mean 0.006 lo -2.14m. nhM>lulc 1.03 to. 
4.49m. 
fJ,11rlic11/,r/r, - mc:100.211to- 1.22m.ahs(i111!c0.lll lo-2.59n1. 
\\'•lcrblrdJ 
Exkm;;i1·c win1cr.'sprin~ !loo.Jin~ required 
\'crlebralrt 
Pcmmncn! ofnc:ir-pcm111ncnl 5urfacc wntcr requir.,.J for 
long-11eclcJ1ortoiJiC1. 
:\l1crolnHrlchuln 
The kno•~n Jp;!li:il 1100 lcmporal h:ibil.:il heterogeneity ,1ill bc 
m.:iinl:iincJ bytn~urin~ the following mix nf1·cgc111tion 
11 s<.cmbl11ics pcr.list: 
Submcrgcn1 - 1rquiu:s in11nda!inn11ecorliin!!IO s pccific:itio11s 
ofJornin:mll.a.u. 
Emergcnt-rcqui1csi11111ida1ionncconiinJ!I05pctifie111iunsof 
domin:in!laxn 
l .illmal-n,quin:s inund.:i1 ion11ccorJinglo spccific111iunsof 
don1in:in!l11:u. 

\'ej:cl1tlon-S yc11rmc.:inariJ11hs(i lu!e11·n1crJcp1hr:mpcs . 
M. rlwphioph.i{lu - mc:in OJI()(, h> -2.1-lrn. :1~1lutc I.OJ to -
4.49m. 
f:. r11,/., - mcan -0.7 lo -3.2(,m. 11b!iolutc I .OJ tu -!J.44m. 

Crnlrc fo r E~o•1·•km ~Wugm1ml 1'.Cll, looolUlup 

11sscmblllJ!CSp:r..i s1: 
Mc1.:1phyto11 - \\hcrcl;nu11111uoccurmustrcmaiu 
p:m111ncn1lyinun,fa1cd. 
W,r.-r1.1u•llly/.i..-dl111.-n r proc:ow::~ 
S.-Jimcnis1obc p:m111nc11l11·li:l lur:iJcJ lmoi~t. 

\'q:cl•lkm - S yea r n1c:m 11nd 11bsolute rm1.,;imum fl<'rioJ 
ofinu00a!ion(monllu1vc11r). 
.\I. rl,11/Jhiopl,yflr1 - me;n 2.15, absolute 9.4 (num1hs 'yc:it). 
/J. ur/i,:u/u/u-111e:111J.26,11bsolu1c l2 (monlhs'ycar) 
&-dlmcnt proc:e.c1 
Scdimentslobcs.1rurn1t:dfroml111c11in1i:tlnca1ly11u1umn. 

\'rtetallon. 5 yc:i r menu 1111d 11hs(ilutc n1:i.,;imum p,.:rioJ 
of inunJ111i on(mon1hs'ye:ir). 
M. rlruphiophylfo - menn 2.15. abs.olulc 9.4 (mo11th.'>'ycar) . 
JJ.11rric11/u1u - mcanJ.26,11bso l11!cl2(months 'yca r) 
W11erhlrd1 
Al kasl cum:111 pcrioJI of inunda~on 

Vtj!cl•llon - S year mean 11nd 11bsolulc m:i.,;imwn pcriod 
ofinu11,Ja tion(mon!hs1year) . 
M. rluq,l,iopl,ylla - me1111 2.15, 11bsolulc 9 .4 (monlhs 'ycar) , 
E. ruJir- n1<,:111 1.55. 11bsolu1e J21montl1s1ye11rl. 

R11lc(m/yor) 11;nd magnitude (m) of rlttline I lmpac1., as.wcb1.1c-d wllh waler rci;tlmc 
and rbk ofimpacl lcn:1 (ROI) change anti/or olhi:r dhrurhanc-..~. 

\'~cl•llon 
Low ROI• rnlc 0.Jmlycnr. magniludc: 0.25111 .. 
Modcr:ilc ROI - rate 0.I-0.2m' yc11r. magnitude 0.25-
0.Sm. 
l ligh ROI - rn1c 0.2-0.3111 'yc11r. mn11nituJc 0.5-0.7111 . 

\'~c11Uon 
Low ROI - r:ite 0. 1 m1ycar. m1111ni1udc 0.2.Sm. 
Mndi:rJle ROI - rate 0.l-0.2mly.-.u. mngnillldc: 0.25-
0.Sm. 
lligh RO! - r11le 0.2-0.Jmlycar, mngnir11dc 0 .S-0.7m 

\'ritct•tlon 
R111e-0 .l1n 'ycar, map.nituJc - 0.25m. 
Rn!c ofdcdinc nol hlow11 - fi!Ji arc mobile 1111d c:u1 
mibobl~· wi1hst:1nJ rc11.,;on:ib]vra,pid 1111luroJ dccli11cs. 

• l)rying ofOIJ!IIUicrich SNinwnts. 
• Wiiksprc:iJ loss uf M. rhaplriophylfo. 
• Thinning of B. ,irtirulut<i ~ !. /011git11dw<1/.•, 
•Exoticscncro:i.;hiug in101hchasi11. 
• Low macroinvcrtebrotc rich1ics.~. 

• lncir:isingconductil'ityinf.l)ndsncarduncs. 
• Exo!icflorainl'llllingwe!lnnll. 
• Some sui;.scsl ion thn1 p:riod nfinnndalion h:i.~ 

dcclincd1odc1rimcnlofw111crbirlls. 

• 1Jc1:linins health of.H. rlrttphfop/,y/la ~ f:. 
rruli.J . 

• Thi1111ingofJJ.<1r1icufol11. 
• Encmochmcnl n f1)7,hu oria•1 1111/i.J into wc11 C111d. 

Reliability oflnformillon 

• Wc1lmid spc,::ics dcr,lh r:m~cs b;,.,;,:J 011 
cxtr11f"Jlo1iu11 of~urfac.- ond grouridw11ler le\·c]s 
across thelcngthoflhcmoniloringlnruccts 
r:uhcr tl111n a,ctu.,J measured dept h~ lo 
11roundwatcr. 

• Wc1landspccicsdcr,lhrCU1gcsb:isc:Jon 
c:«rnpo[ationofsurfocc11ndground1\11lcrlcnls 
ncrosstheknglhof1hcmoni1oringtr3nsccts 
r11!hcrth:ir1ac1u.:dmc11Sw-cddcp1hsto 
1,1ruundwalcr. 

• Spccifa site conditions lhal may inllucncc 
1,1ruundwnlcrdcr,:nJcncc:u-eno1con.~iJcrcd(cg. 
stroti1,1rJphy). 

, Wctlandspccicsdcplh rangcsbosedon 
c:,;tr11pola1ionof.~11rfocc11ndgrounJw11krlcnls 
acrossthclcngthofthemoni!uringtram,ccls 
ra1hcrtJ131111e1u.:d mc11.~urcddcp1hslo 



Sl..d~ or l,\\l b on 11,c G,unra,~ and bnJalot """11\J, 11,.Jn Sc.:tK'n ~6 

Sub-11roup / 
GDE 

l.ol.cJoondaJur 
(3U766JK15) 

Waler rl.')llmc rompom·nt 

Depth or 11roundw:ah-r (nc11:1.1h·r ,·a lu c) or 5urface 
waler (1>0Jllh·e ulur) (m) 

H. u, fic11fu,u - me1m 0 .2K Ill • I .?2111. obsolutc 0 .Kl 10 •2.59m. 
\\'■ krhlrdt 

lle1rntinn ofwa1cr i11summer uuJ ;iutunm an import::mL 
fra1ure <lf 1h!s 11e1b11J. Wi!lkr '~prine- r-,:al. lc,·d s iluodinE 
(rine-ine-1·c11cu1ionin1J")f\tu11. 
\'crh:hr■ l ca 
Pc1ma 11 en1 " 'alcranJ hi11h r-,:a l.: lc1cl.~ fu, Ital.oh 1mJ fro!! ~ 
Need~ Lo be rcrma.ncnlly inund;11eJ for lish - cri1i,a l 
minimum lhrcsho!J Jcrih C.,r .-11nh al 1101 l.110 1111. 
,\l1nuln1·erh:hr■ tci, 

Th,: l.no.,wn s1\,Jlial onJ tcm p,.,ral habilaL hc lerop.cnei ly ,1·ill b.: 
maintain1:.Jbycns11rioJ! lhcfol1m,i 11s- mi:o:of1·c1td :ni o11 
lllL-.Cmblaic..; r m,1~. 
Submerp:enl - tl.'quircs inu11Ja1ion occonfins- lo s p,-ci(icatio ns 
nfJnmin::u111a.x.a. 
F. mer i;c n1 - rcquirn in1111Ja1i1111 ace11nfin1_1 10 •~ cifica.tiuns uf 
Jomin::u1t1axa. 
l.i11 n, ol - tl.'quin:sin11ml:uio110ccmJinp:lo ,-r-,:ciii,:o\i1111s of 
dominunLla:<a. 
W1kr c1u1\ltyfn-dlmcn1 procnu1 
ScdimenL~ must n:main s.i luraled 1moi,l 1hrnuihout I.he 
, ummcrcach year . The 11a1cr 1abk tl1crcfnrc 11111.~1 001 drn11 
below tl1c straligrap'lic k\"Cl'layc1 urabk of prm·..Jing \\Dier 
tu s urface ori,ianics thm~h 0 1•illat:1· tis.: durinp. ~um mer. 

\"q:1'11Uon. j yc.:ar mean 11nJ ;ibsolul<: 1101cr dcplh ran!!cs . 
M. rhaphioph)"llu - mcan0.00(, to-2.1-lm, 11b.olutc I .OJ lo• 

4 .-19m. 
1-:. rrulir - mcon -0,7 10 -J.26m, oh"°lulc I .OJ 10 -6.-1-lm. 
JI. /i11om/i.r - mean -O.J9 lo• I .'J2m, abi,olulc 0 .4J tu . J.(Jl)m 
/l. 11rt k11fo1r1 - mc::u1 0.2K to• I .22m. n1t,olulc 0.11 1 lu -2.S9111 . 
/l . / 1mcc11 - mcun -0J2 Lo -2.(,Sm . 11b>0l111 c I .OJ 10 --l.6-lrn. 
W1tcrblrd1 
ReLcntion o f wale, in summer and 11u111 m 11 au imp,,rt:1111 
fca lu1e o fthi s ,1c1bnJ. Wi111cr \ .prins-r-,:ol.k,clstli:>Odini 
frin!!ing1·cic u1 io11im1win.1111 
\'c rtcbr■ 11., 

1\-miancnl w111cr onJ hiith rc.1\. lcn:ls for Habli and fr()fl 
NccJs lo b.: rcm1:,.ncn1I~· inunlbtcJ for li~h - c ri1i ca. l 
minin111m thrcsholdikphfor sunl\·a.lnu1l.oown. 
l'cr111a1icn1ofno.:or-rcnn::u1cnL)'llffac,:11·0krn,quircJfor 
)011i-ni:chJ1o rtoisc:s, 
M1erolo>·crh:hnll, 
The l. nown ~ro1i:1l arid Lcmporal h.1bi1a1 hc lcroi:cnei1y 11ill I~ 
m:ii11Loincdbycn i· urin!! lhef1•lt 011i11!! 111i :o: nf\"C8,CIDliu11 
1sscmbl11ie! r,.: r..ist 
S11bme1s-cnt - n:qu ires iuurida1ionaccorJi11!! 10sp:cificali,,1l~ 
of J ominanll.llU. 
f.mct,£cnl • rcqui1cs inuoJ:itiun occonJinJ!. 10 ~r-:cilications u f 

CcnlK fot E.:o•plmi MMlf<mcnl EClJ. fo,>n J.JlUp 

1'1:-.:AL 

Uur:alionorlnund:ition orw:11crlo1111.ini,: 
(m nnthliyC':lr) 

N. "~tic11/u,11 - mc.:in .l.2<, . .:ibso:,hilc l2(111,1nth:.'~·c;ir), 
\\'■ tcrhlrd 1 

l'crmcu1e111. 
\'crlchr■ h:1 

l1c1ma11e111ly iu1111d:1Lcdfo1li , ha1iJfrui;~ 
,,1,cruln1·crtchr■k• 

The l.no\\'n I ~liol 01,J 1~mpo1al hnbita1 hc1~rot1,c nciLy will 
b.: mainta.i1icd by rn~urini; 1111: fol11111ini mix of,·ci;,cl:11i11n 
assa:mbluEc•~r.-ist : 
hkur hyion - 11hcrc b umn Ill occur mu.~, n:main 
1-..:rmaocmlyinu11Ja1c.J. 
\\'■h•r qulllyf..,dlmcol prucnu:t 
Scdimcnl~ IV Ix r:rn1:mc111l~· s.i lur:i leJ moi.~ I 

V"ci,.•11Uon - j ~-car 111eon and a.b.olute masimum p;:rioJ 
ufinundatiun(monthsye:11) . 
.\I. , lmphioµhyflu - mean 2.IS. ~b,,.olulc 9.-1 tn10mh~ yea r). 
1-:. ,..,,;, - mean 1.55.absulule 12 (rnonth~'ycar). 
li. /111ow/i.1-meon0.J.ahsolu1c2.ll(nu111\h !o.'yca r). 
/J. unii;,1 /,11<1 ~ mc::u1J .26. ah,,u lul~ 12 \monlhsycar) 
// ,Jm1ccu - menn0.71 .obsolulcJ .6(mo 111hs 'yc:1 r) 
\\'•h:rl1lrd1 
l'cm,ancnl. 
\ 'rrlthra1c-,, 
l'<:rniancnLly inumbleJ for fi sh. fro11s an,J H.obli. Neo1-
r,c1manc111 fto loni-nccl.c,J 10r1ui:,cs. 
~l•crola,·crtchnln 
The k11o"n"ro1ia l ond 1cmror:il hobital hc:l crt1i;c11Ci1~· 11ill 
be rn:iintainc:d by cnsurini, the: follm1init mi:,,: of1q:claliun 
IIS'll:rnblos-ci ~r.;i~t 
Mcl.1l rhy1on - >1 he1cl.nownl(>occu1 n1t1Sln.'main 
rcrmancul]y inundaled. 
\\'•lcr qt11llty/1cdlmrnl procuu., 
ScJinw1l, Lo be r,-:nnancnLl y J;.•11ur:i1cd 'mois1 

lhte(m/ye:ar) :in d maitnilude (m) ord «line 
and rltk orlmp;ICI lc,·cJ (ROI) 

11.1rticul:11 ly in ba.in~11i1hc1·c11bo1hrmc1ry. 

\'~l•lkia 
lo\\ ROI - ralc 0 . lm')car: mapnitude 0.25m. 
Modc: r:itc ROI rate 0 . I -0.2m'~ea,, m.:11,11itudc 0 .2S· 
0.Sm. 
ll ip:h ROI - rnlc 0.2-0.Jm year, ma!!nituJc 0.5-U.7n1. 
\'c rlcbr■ te1 

Ro1cofdc:di11Cnoll.:nu,n1 - fohorcmubile:iridc::u1 
rrohably11i1hstarlJrca_'-On:lbly rJpiJn:11uralJ,-clincs. 
Jl.ll1ic11J11rl ~· in ba.~i11s l\ilht\'CII both)'mclry. 

lmp:ico :inoci:atcd with wah:r rei:lme 
ch.1ni,:c and/or other tfoturhann•~. 

• Chauiic in 11.ilcrquoli1~·; i1Ktl.'ll.-.Ci11 rl l. 
,J,..:n:11_-.cJm1iJucti1·i1y. 11ul1icnt'i.tddnmrl1) ll­,. 

• Sli1th!.kclinein n1111mcrin1crtebrn1erich11c~s 
lnmc\"Cr, ~~ ciei ofClnJoccn1 (/.,~,/,~/" r-iUuf<1) 

nowl.1101111. 

, l'oor w:iterquality. 
• Frinp:ins- \"Csctalion lt£, ,.uJi1irnr,:ictcdby 

fn:11ucn1 firc~anJ1,inJ1hmw duc:1o di;,·ins 
scJim<:nh. 

• 'f.17,>wuric1Jt<1/i.1c11cmac:hins.i n!o0U!hcm 
)<.'1: liunuflal.:c: . 

Rcll:ahllllyofinform.11ion 

[!OIUHJ11atcr. 
• Sp,.:dficsitcc,,nditiuu> thal m:i~ inflocncc 

!!lllt111d"a\cr d.:r~nJcncc me not considcn:J (q1. 
~1,a1i!!rJr•h~ ). 

• Wctla,ld srxies •.kr1h r1111scs 00--.cJ m1 
uuarobtion of s urf;11;c and i;rounJwalcr k\"Cb 
across 1hc lcngthofthc: monitoringlransc-c ts 
,~Lhcr limn oc1uol mc:i~urcd dcJllh! lo 
11rounJ\\"alcr. 

, Spccifa si\c cu11Ji1ions tha1 ma~· i11ll uc11cc 
gro u11J wo1crJcrcnJen~eorcrmLcun.\id.: rc:J (c iJ. , 
s1ra1ii;r:iphyl. 
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S1udy of EWlU on !hi: Gn•ngm •nd J>nJJ.l ot mw nJ, L:nJcr Sn,1iun 46. 

Sub-~roup/ 
GDE 

\\'alcr rqtimt component 

nNAL 

Dcplh ofi;:roundwalc-r (nc1talln! \'aluc) or , urfarc I Uuralkm of lnundallon or w:11crloi;:1,1:lni,: 
waler (po.,ilkc ,·aluc) (m) (monlh~}"Cllt) 

].,:,kc:Goul!el:il 
()!76%47%8) 

C:inaOOOO!I 
Lah~ 

(J7H?6~ 1~6) 

LakcNecrabup• 
(~i:?OHM9-t-H) 

LakcGwclup• 
(3i161GH226) 

domiru.nt~x:i . 
LiH()f.1.) - n:quirt"s inund.:ilion nccorJing to 5r-:cific:11in11s of 
domin~llnxa. 
\\"•ltr quallry/11.'dlmcol proc:nu:~ 
Scdimrnl$ musl n:m:iin ... 11uruh:J'moist lhmul!houl the 
summ"r c:ich ~c:i r. TIK w:itcr l:ible lhcn:fmc mosl 110! dror 
bc:lnw Lhc !ilr:i!i l!t3pl1ic lcnlifoycr c~pobk ofr,ro\·idi111! water 
to surface ori;1111ics lhr,.1ut1h npi!l:i~· ri se during summer. 

v~-,:cl&llon - 5 yc:ir mc.111 unJ absulu1c \\':ilt:r Jcpth ran~cs. 
.\f. rlwphiophylfo - mc.111 0.00(, to -2 .1-lm. obso]uk I .OJ lo -
-1..19111. 
t:. r111/U-n1c;in-0.7to-J.26m . .1bso lu1e I.O)lo-6..1-lm. 
B. ,mfr,ilulrr - mean 0 .28 lo •l.22m. :ib:;olu tc 0.81 lo •2.S9rn. 
W•krblrdi 
Rch:ntion nfw.11c1 in summcr ;inJ nutumn an impon:inl 
ftnturc of thi s wcllnn.J . Win1crlsprini; pe.1\; lc\'cb floodin!l 
fringinJZ \·cgcLllion important 
Vcr1thu1~, 
NccJs1ot:.!pcrm:uicnc!yinund:i1cdforfish - cri1icnl 
minimum thrt:Shold depth for sul'\·ival nol 1.'.n111111. 
l'enm111cnl \\'llcrnnd high pc.11.: lc\'d S for lfol.:nli nnJ fru i;s. 
Lnl.:c DrfC':lU 10 h:il'c II l:l.f!lC P,.)[lllfation of the Rnk:ili. 
pruOObly n:llccling rcl:ihnly sl:lbk wn!cr lcnls wi1h lloodcJ 
frin!lingH~cLllionnll r carrnund. 
Waler qt1•llt)'ftcdlm~t pruccun 
Scdimcntsmuslrtmains:11ur:11cJ1moistlhruuJ!houtthe 
summer each ~car. The w111cr 1:iblc then,fore must ool drop 
bclo\\' the s1nihgraphic lcnl lbycr C3J"(lble of pro1·iding 11111cr 
to surfoccorg.111icslhroughc11pi ll:uyriscduring summcr. 

\'~tl1lloo. 
JI. rhuphfophyllu.t:.n,,/i.J11.11dT. o,i"111"/i.1. 

\'~dallon 
M. rh,q1hiophJll1l £. ,,,.//1, R. ur/ic11/u1u n11J T. orfrn1uli.1. 

VC1:tl1lluo 
,\I. rh '-'Phioph) llu nn,J £. n11li1. 
\\' ■ krh!rd1 

Rclcntion of w~tcr in ~ummcr und nu!umn 1111 imrunnnt 
fc:11Urcof1his111:ll.:i.r,d, Winlc r/springp::al.:kHl s iloodin!l 
frin~in~ \Ucl.ll ion imr,ort:mt. 

Ccn1tc forE,~")'•lcm ~l•nJ~i::mcnl ECll, Joondalur 

\'~-:,:<:l•lkm - 5 yc:11 mc:1 11 :u1J nb:.ol111e max imum pc1ioJ 
ofinund.11ion(monlhs'ycnr). 
.\I. ,Jwpliiophylln - mc:in 2.1~. 11.bsu l11lc9..1 (monllu 'yr3r). 
£ , r,,./iJ - mc:in l..5.5 .ab!illlu lcl2(n10nlhs 'rc:ir). 
JJ.arlici,/u/u - mcnr1J .26,absol11tc 12(monlh., 1)·c3r) 
\\'■ lcrblrdl 

Pcrm:u1cnt. 
\'rrlrhf'lln 
Pcrmnncnlly immd.11"'1 for lisk fro gs and Rnbli . Fringing 
, ·cgcl11.lionn:m11iningflood.:d1osomrJcJ!n:Cinsummcr 
andnurumn. 
\\'■ tcr qu11Jty/udlmrnl pni«u~-, 
S"'1imcnL~ lo tc rcrn11ncn1ly 5llh1ratc..! 'moist. 

Walcrhlnb 
Pcnn:incnt in mostyc.:i.rs, bul season.al , ·~ri:itiun irnr-,>11:1111. 
Vcrlcbntn 
Pcrmancu1inmos1,·carsbcncfici:i.l 10fro!!s, No1koo111,if 
Rnkn.liprescnt. 
" '•lcrc1u1ll~t_u.-JJmc11 tproc,c:u•:1 

Rare (m/ycar) :ind ma1tnl1udc (m) of dt"Cllnc I Impac11 auoclalcd whb waler rciimc 
and rhk orln1p:u:I lcnl (ROI) chani:c and/or olhcr di~lurb;inces. 

\'~d•llun 
I.ow 11.01- rah: 0.lm'yc:ir; magniluJc 0 .25m. 
Mndc:ra lc ROI - rnlc O. l -tl.2rn1ycnr, m11gni1 u..k: 0.2S-
0 . .5m. 
lli!lh ROI - rule 0.2-tl.Jmryc:ir, magnitude O.S•0.7m. 
Vcrtcbntn 
R11tcofJcclirx:1101h,o"n - fishnrcmobikanJc11n 
probablywi1hs1nrxlrc:i....onabl~· ra[l"iJnnlur:i.ldcclinc.s. 
p:irticulnrlyinb:i.siru,1ithc\'cnb.:i1hyn1cl~·. 

\'"iclalfoo 
Lo11· ROI - r:ilc O. lm'ycnr; m.:i.g.ni!udc: 0 .25m, 
MoJcr:itc ROJ - rn lc O.l-0.2mlycnr, magni1u&: 0.25• 
O.Sm. 
lli!lh ROI- rote 0.1-0.Jml\·cnr, mo~nitudc O.S·0.7m. 
\'"1cl1tloq 
I.ow ROI· r.uc O. lm' ~cnr; n1ag11ilude 0.2.5m. 
Moderate ROI - r:11c0.J-(L2mlycnr, mngnilu.k 0.25-
0.Sm. 
llil!h ROI - r:i!c 0.2--0.Jm 'ycnr, magniludc O.S·0.7m 

Ve1:ct■Uo11 

Low ROI - r:uc O. lm1yca r; 111.:i.gniwtk 0.25m. 
M odcr:atcROl - rn1cO. J-0.2m1yc11r.mn!!ni1uJc0.2S-
0.5m. 
High ROI - rn!c 0.2-0.Jmlycnr, ma~niluJc 0 .5-0.7m. 

• l1Krc11.si ngch!o r1.1phyl1•:ik1·cl s k ading10 

culmphication. 
, Low m11croinn11cbr:11c famil y richness 

howc1·cr. o high nbundnncc of G"mf>m/,r sp . 
• Ike line in hdth ufM. ,b.,phioph)'ilu ~ £ . 

rmlir. 
• Cun!rocliunufB ... r1imfo1ab.:inds 
• ln\'asionbyc:,;olicllma. 

• Surroundc:J by marl.:cl gardc:n.'llt J"(l~1urc, 
c.'l:lcru;ivcclearingof1cm:strfol 1·cgcllltionlt 
some infilling. 

• Annual It perennial ,1ccJ.~ cncro:iching margins 
oflakc . 

• Encroochmcnlof7)71h11, 
• Eulrophic:itionfromwrruundinglnnd-usc. 
• Mnrl.:cl g11rJe1u / S<:mi-rur:il Jcvclupmcnl 

imrudin!lintowctl.:1.11<1 . 
• Rcnm:u1tb11.1hl:1nddis!urtcdbygf:!,1.it1!l, 
• Ro.:i.dinicr.;cct'i 11·c1bnd. 

• Some !1~3J ofSC'·c~ w~d iufc~'tll ti on. 

• l'rc1·iou..Jr Ji5turbcJ by rur:il pr:icticcs now by 
urb:uidel'cloprncnl. 

• ScvcralJrainifcrJin!owetl:md. 
• Annu:i.l\\'ccJspccicsprcscnt. 
• Surruundc:dbyp:,rklDndwith somcrcmll.1111 

bushl3ndtolhcnonh. 

Rcllabllil)" Dfinform:allon 

• Wctlandspccin1kplhrangcsb.:t.-.cdon 
cxtr:1pol111ionof1nrfacc11ndi;roun.:hl'alrrlcnh 
ncw,s rh~knr1hnf 1hcnu,nitnriug tmn ,;c,c l, 
rnthcrthanuclu:i.l mc11.~urcJJcp1hslo 
i;ruunJwulcr. 

•Sr,,,cific.sitccund itions lha1mayinl1ucncc 
l!niunJwalerdcpcndcnccnrcnolconsitkrOO(c!l 
~tratiBraphy). 

• No rcnn:i.ncnt Ycgctation moni1oring u311scct. 
• Specific .si lccnnJitiorL'i Iha! m:iyinflucncc 

grnunJwnterdc:pcndcnccnrcnnlcomido::rcJ(cg. 
.,traligraphy). 

• Norcm1:u1cn1vci;ct:1tionmonihlringl/:u1scct 
• Sp,,cific.si1ccondihons1hatm.:i.yinflucncc 

groundwntcrdercndcnccarcnnlco nsidc:rcd(cg 
§lt:itigraphy). 

• Nopcm1llllcnl\'ce,ct3tiunmo1U1uringtransc(t. 
, Spccificsi1econdi~on.'ilhatm3yi11f111Cnce 

l!rounJwn1"".krcno:knccQrcno1considcrcJ(tg. 
5\raliSr:aph~•) 



StuJi ufE\\lt. flll !he (",n1npu 1nJ J.,J,Lot moonJ, l 'ndcr Sc~li,in ~6. 

l-iuh-,: ro u11/ 
GI>!': 

Water n~lmc component 

l>c:plh of J:rouo dm11l'r (ncJ:al in~ , ·a luc)nr ~urfac:e I Dur:11io o oflou nd:11ion o r '1:tlc r1 011,11ini:, 
" ·ater (poiili\"l' , ·alu1:) (m) (monlhliy1::i r ) 

H:1tc(m/ye:1r) :amt m:1,:nil ud1: (m) o f decl ine I Jm11:1c:u :1uod:11ed with w:111:r r1:,:imc 
:ind ri~k oflmp:ic:1 leHI (RO I) 1:h:1011,c :iml/or ol her dhtu rh:inn.~. 

Vntchr■ ln I S...-Jin1c-11l~ tu 1-.: 1--.:m13ncn1I~· s.1mr:11c-J 'mois1. 
l li@hpcakk\"c:lsin11int'1 's1•fin11fo1frngs. 
W■lcr quall ty/u:d lmcol J' f<Kl!Hl'I 
ScJimenll" mus! n:main s..iturulc-,l 'muisl 1hm11jl,hn111 thc­
s11111mcr c3ch rear. The ":i1cr t:ihlc 1hcrcfn1c mu.sl 1~11 Jwp 
b.,: low the s1raligrnphic: lc-1"c-l 1byer cn1~1hle ofpro1iJini: 11~1cr 
lo surface Ofl!:U1in 1l11ou~h cor•illMy ri se Jurini: summer. 

i~~1~~~~,s~:;~mr• I l~~;,::;:~:)'lr.r/111 31kJ f.". rm/ii . 
V,,ict ■ llun 

l .tlll ROI- rJlc O. lm'yc3r: n~@nilulk 0.25m. 
Mo.kr..1 lc RO I 13\c O. ]-U.2m ~·e or. ma~ni!uJe 0.25• 
II.Sm. 

!lip Carine 
Sw::unr• 
(~X,066~751 '1 

Ca1cniu11 
S11amr• 
()8l956H;69) 

Wolluhucnup 
S11tun11• 
P86%6Ul90J · 

IJ Jdgcrupl..11le • 
()!l02S<iUH J) 

l.iulcJ13Jgcn1r 
l.akc" 
(}~~76J827J) 

\ 'q:cl1tlo11 
.II. ,1,,,,,hiaplt.rf/<1. I:. rruli,. R. <1rtic11/,1111 1mJ T. ori,·11wli• . 
W1tcrblrd1 
Kctcntion or waler in sumn1cr 311.J ou1umn 311 imp.1nanl 
fc31urcof this 11c113nJ. Winier sprinp: r,c:il. IC\ch llooJing 
frin11inswgct.1tinnimrortan1. 
Vc-rlc-bnln 
lli@hrc3kle1·cls in 11i111cr )J1ringfnr frog'I. 
Wiler qu1llfy/1cdlmc-11t pr-oc:cHl'S 
Sediment, must rcmoin s.,\ur.11cd'muis1 thruuilhuul 1hc 
summerc.ichyc:ar . Thc1\0lcr1.ablc1hcrcforcmu,tno1Jrop 
bclow lhc strotip..rar,hic lC'\d b ~·c1c:3pablc uf rw,iding11ol.c-r 
tosurfoccoJ'l!:uiicsthruughur,illo11· ri ...c:Jurinp:surnn1cr. 

\'1;1:cl1tlo11 
JI. rh<1p liioph.dlu, E. ,,,,Ii,_ fl . urlinilt1l11 nnJ T. or i,·11/<1/iJ 

Vq:cl ■Uon 

.H, rl11111hivplty ll,~ 1-;. n uliT. II. ,,,1;c ,du1u ond T. o,h•n1u/it. 

Wa tcrbird.1 
Ex1c11si1·c 11intc1•~r,ring fl<XJJi11~ of .tfd11!.•11m i11 11'tlr10111 fu r 
W3\C!bi1J lxccdi1111. . 

Jli~h ROI - ralc0.2•0.Jm',nr. ma~ni111Jc 0.5-U.7111 . 

W11crblrd1 I \'1;1:ct1llo11 
1'Cf111:uic11I in most ~c:i rs. bu! scason3I 1·3rialio11 imp.>r1 a11I. (.fl w ROI- role 0. lm'yc:i r; m:i~nituJc 0.25111. 
Vcrlcbntl, Mo&r.ttc RO l - r.rlc0.1-0.2111'1-.:31. ma~ni1udc0.2S-
l'c:rmancnl in m<>SI ~can beneficial 11, li-01,1~. Nnt kno11n ir O.Sm. · -
R3kali rrcscnt. lligh ROI - rate 0 .2..(1.Jm ~-car. majlnitu&: o.,-0.7m. 
W•lcrqu■ l lly/K'dlmc-ol pr-oca'ln 
SC"dimcnts ml-.: 1--.:rmanc-n1ly ,;:nuralcd moist 

\'q: .. 1111011 

I.ow ROI- rJ\C 0. l m'ycar: tlllljtlliludc 0.25m. 
Mcxkmlc RO l - ra\c 0. l -0.2m 'yc:u. majl ni1.uJc 0.25-
0.Sm. 
lliQh 1{01 - ralc 0.2-0.3111 '\"Car. mngni1uJc O.S-0.1m. 
\'q:cl1lk111 
Low ROI· r..11c O. l n1'yc3r: m3pnit11dc 0.2Sm . 
r-.1o.Jcro1c:RO l - r:11eO. I-0.2111 1yc31.magni1uJc:0.2S­
O,Sm. 
llillh ROI - r11lc 0.2-0Jm ~c::ll. lll3!llli l. udc 0.5-0.7m. 

V~ct■Uon I \\"■ lc-r qu■lllr/K't'llmcnl pto,;cuc~ 
.lfdu/,•11c:11 pr,·iuiauu. F.. n 1di, anJ T. orit-nlulU. S...-JimcnU" 10 b.,: r,,:rmancnlly Mllltalcd mois1. 

\'1;1:el ■ l k,n 
I.ow ROI- f"JIC: U. l m yc3r: n1ai:ni1udc 0.2Sm. 
M,'<kralc 1{01 - rate 0.1-0.2111 yc31. m11!lni1uJc 0.2S-
0.5m. 

W■lc- r qu■llty/H"dlmcu l proc:coc, 

ScdimcnU"mu)1n:m:iin S31llrolcJ 'mnis11hn1uphoulthc 
'ltrmmcr c-3c:h ~car. The 11atcr lablc thcn:fmc mu~t not Jror, 
bclo11 1hc )trali~.111rhic ln ·cl b }·cr C3robk of r rm·iJing water 
lo )Urf:icc: <1~1111iu thruu~b UJ'ill.'lf)· ri~ durinjl summer. 

\'c,:ct■Uou I \\'■ lc-rqu ■ llry/M.·ttlmc- o l pr-occnn 
.\f.-luk" c" prdui;Jn,, t:. n 11/i., 31J T. o,;.,,.,.,/u. S...-J!mcnt~ In l'C pcm1a.ncn1ly s:uuro1c:J nmi)I. 
Wi ler q u■ll ry/Kdlmcot procaM.-i 
ScdimcrHs mu !>! n:mJin s:uura_lcd "moist thn1u11.hnu1 the-

lli!lh ROI - fllle 0.2-0.Jm ~c:u. 1113!l'1iluJc: O.S-0.7111 . 

\'q:_cl1Clo11 
l.011 H.01- role O.hn '~·car: niai;11ituJc 0.2Sm. 
Mo&r.ttc ROI - rate 0.1-0.lm ~-car. nlJ!!llillldc 0.25-
0J m. 

Ccn1n: for E.:o,y,1cm ~l:wurcmml ECU, /,,.,,,.i.,1ur 

• 7)7,hf,cncnn:ichini:furthcrinto,wtl1111J. 
, Tcrrc,11iol ,t 11e1bnJ trees clkctcJ by lire. 

• SunouuJcJ byclc:11cJ1u1~b11J 
• Annual&. pcrcruti:il WC\-<l i1m1.sion al 

perimeter or swamp. 

• Si1tra1cdinlarJle rtcrc31ion1cscl\"c. 
, ]'1cJon1i1umly tu1f11i1h sm3II :1e<:tio11 of 

rcm~1111ctz.cbtiun. 
• Frin1,1ing.lf. rl«91lrW1,ltJ//uon 1101it..-iu1hcm 

)idcgc11cr:11lyinhighcr)«lion ofl inn1alzonc 
3n: :J1011inl! sifll'i of ,J,,m~hl Slit\, 

• lli 1,1 hly moJifaJ11i1hinfillin1,1arklurtxm 
dc1·clorrncnt on all side.~. 

• lkceil-csrooJrunoffitiship.lil)"CUlruphk 
• Vc11-c101io11 dctz.rJ.kJ 1hrou~h rhyskal 

cfo1u,he11K:citi111•3sionof,1ecdI . 

, Eas1siJcclcarcdfo1!><:mi•ruralui;c. 
• l.it1<1111l1q:cl.ationc:lcarcd a1l,unJ['crimc1cr 
• lkccn1 lir,: >e<1rd1~-.J 11c1b11J II«• 

• Wiik bull(r of ,q:ctotion. w n1e scmi-nm1l u..c 
cncn1:rchi11p:. 

• Rcn1u1:il of 11cdanJ tm:s in an::i_~ 11f s..mi·l'\lral 

Hdiahill t)· of ln form:atlo n 

• Nor-: rm3nc1111c}lcloti uun1,,11itori11g1r:m-.cc l. 
• Specific sik co1kli1inns 1h.ltm:iyinllueri.;c 

gmunJ11a1c, Jc r-:11Jcncc ore mll consiJc r~-.J (qi. 

stralig raphy). 

• Nu pem1:&nc-nt1·cgct3tinnmoni1orinJllr:llls«I. 
• Sra:ificsilcc:ondilions lhalma)" inllucncc 

gwuuJ\\alcrdcr-: ndc:nccaicnotcon,iJcr~(c!l . 
slf31igrarhy). 

• Nor-:rmJJ1en11·cg-cbtiu11moni turi ni; trans,,.-c t 
• Sr,:,:ificsikco1Ji1inn1tlu1 ma~· i11nue1i.;c 

gruund11a\"JcrcrJ cncc01c nul.consi!.krcJ(c-11-
st rn1igmrh)·) 

• No r-:m111ucn11·cic1:ilion monito ri11 11 tr:inscc l. 
• Spccilic si1ccondi1in11~ 1h.,1 may iullucrK:c 

11ruund11a1crdcrrnJcncc:llc: nolc:11 n.1iJcrcJ(q1. 
urati!lr.t[lhy). 

• Nurcrm:111enl1~c-iiitiunn111ni1orinJl lrOn so.-c t. 
• Sp,.-cilicsilcc:unJi1inns1h:11 m:i~· inllucnc:c 

11ruum:i11a1cr dc r,,:nJcncc a1c nol c:<111~iJc1cd (e11. 
sl13li!l r.trh~·). 

• Nor-:rmllllcn1,c11ct3tiu11mt111itorin1111ansc.:1. 
• Spccific!>i1c,<111Ji1ions 1h:1lm3yinllucncc 

gruunJw3tc-rdc:rc11Jcncc:vcno1consickr...-J(q1. 
)tr~,i~r.irh, I. 
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S!uJ~-ofEWR, on !he: Gn•nrm •nJJl/lJllo! moonJ, l'ndi:r Sc,,:1ion ~6. 

Suh-1troup/ 
GDE 

SumplanJ• 
(J8H86~90H) 

/'inj<1rCompl<'-r 

[.a~c M11riginiup 
(Jll17)6-IS9)6) 

lAkcJC1.11d:ibup 
(3002()6.1~6-19) 

Walrrr~imCromponcnl 

Drpth or1troundwalcr (nc11:i.1 i,·e nlu") or ~urfacl' 1 lh1rallon oflnund:alion or si,·alcrlo1t1~ln11 
watu (pollrh·e ,·aluc) (m) (month.\l'ytw,1, r) 

summer c:ich yc;1r. The w:itcr 1nble Ll1crdi11e nLUI! 1101 drop 
bclowL11cslr.itigrDphiclc\'clll:iycrc:ifX1bkufpro1·id in£ 11·q tcr 

lo surfocc organics lhmugh c:11,itbry rise Jnring 5ummcr, 

\'r;c11tkm 
M. rl111plrioplryll,1 c1.111l t.·. ,,,J., 

\ 't,:c l11lo11 - 5 yea r mc:in onJ :,,b,.,::,]u tc ll'~lcr Jcpth ranges . 
,If. ,lwpMoph_r/111 - mean 0.006 lo -2.1-lm, 11bso lu1c I.OJ to -
-l.-19m 
£. r,uli.J - mean -0.7 to -J.26111, :,,bso!ulc I .OJ lo -6.-1-lm. 
B. urlim/atu - mc:m 0.211 to -1.12111, 11bsolu1c O.K I lo -2.59m. 
T. oricnlalis-mc:1.11 0 .7-1 to -0.95, :,,bsolu!c 1.-19 lo -1.9m. 
Vcrlcbraln 
Ncahtnb,:p,:rm:,,ncndyinund:ilcdforfish - crilic11I 
minimum lhr,:,;hold Jcplh for s1in·h ·::tl not l.:110w11. 
Wadlathlr.U 
Pc~stcncc of s.halk:,w 11':tlcr i11lo sum1ncr/1111lumn. lli11-h 
lc\'ds in 11in!crma~· b,: nc,.,Jcd lo pro\'idc \'cgcLi lion from 
chokingor-,nslullows. 
MnroJ11,·crtch"le, 
The ho11n Jf\'.ll i11I and tcmror::tl h:ibi!.111 hc1nogcnci!y -.ill b,: 
m:,,inl.3inc:dby en,uringlhefollo11ingmixof1·egel.31ion 
assc:mblll!!up:r..isi: 
Subn1cr11,cn!-rcquircs inulll.iatinnoccortl inp.losp:citications 
of,Jominantt:i.u. 
Emcr11cnc - requi res i11undntion occortl ing lo sp:cifa:,, tions of 
ilominanltau.. 
Li11or::tl - r,,quircsin11nd.:i1ion:,,cco1ilinglo sp:(i!ications of 
Jomin:inltax:r.. 
\\'■ krqu1U!y/i.«tlrn.,11tpruc:eu,c,­

Sc,dimcntsmu>1rcm:,,in s:,,lur:ilL-.:l _.moistlhr,rni:!10ullhe 
s11n1111crt:ich ye:,,r, The: 1,n1er lablc therefore mus1 no! drop 
bclowthestr.iti!;r11phic:lC'\·e\fl:,,ycrcal"'lbleofprovidi11gwa1cr 
losurfaceOfF:mics throui;he11pillaryrisr,duringsummn. 
TondJrcs.s PASSan:icrnbici;cdimcnls nc,cJto!l<m:lin 
s.1turntcJJurin11, lnt c summer nml c:irl~• autumn. 

Vc,tcl1tlo11-Sycormc:inandobso]ute11·:,,1cr&:p1hrnngcs . 
M. prduim,,, - mc:,,n -0.5-1 In -2.62m; obsoh1te 1.0) to -
5.0-lm . 
fl. /ittorali., - mc:au -0.)') to -1 .92111. absolulc 0.-13 to -J.09m 
A. f,.IM'icu/,,rls - nic:111 -0.)S lo -2.26m, nbsolu!e I.OJ to -
..1 .6m. 

Vej!<:l ■ Uon. 5 ~-car mc:,,n a11d nbsolulc m:i.ximurn pcric.J 
ufinundnti1•n(mon1hs1ycar). 
.\I. rlwJJ/,;ophy/111 - mc:,,n 2.15. nbso luh: ').-1 (munlhsl~·car). 
E.,mfa - mc:in l.SS,:,,bsolulcl2(n10111hs'ycar). 
JJ.,1r1irnlu1<1 - mc:,,nJ .26.absolutcl2(n1onlh5'Ycar). 
\'rrkhralcs 
Pcrm:1.11cnllyin11nd.:i1cdforfoh. 
W■dl11tblrd. 

Sti:i.llow w~tcr shou!il r-,n.ist into ,uuumn some years 
W•lcrqu1\lry/i.«llrncolprou:ua 
Sediments to 1;.., r-,m1mc111ly sa tumlcd 'moist. 

Vq:ttallon. S year mcon 1111d absolu te m:i.ximurn period 
ofi11und:i1ion(mun1k\ '~·c:ir) . 
,\f. 1,rriu·lm111 - mr.:111 0.(,, nMO]utc -1.-1 (mo11lhs'ycar). 
/I. lillor<Ji.J- mcnn n.J. a bsolute 2 .8 (mo1uhs 'ye:ir). 
A.flucle1Jluris - me:,,n 0.66, abso lute 2.6 (monlh.~ 'year). 
I'. rlliplinun - me:in 0.2. o~utc Q,_6 l_month.\ 'yc:ir_l. 

I , C,o,a fo, Eoo•i"= ,r~•,=~I ECU, Jooo~l•r 

i 
I 
L 

L 

Hale(m/y~r) and ma11nlh1dc(m) or de-dine I lmpac11 auoclalL-d wllh walrr f l'j!:imc 
and rbk oflm11acl lt,·d {ROI) rhan11e and/or other db111rh:mc~. 

Iii Eh 11.01 - mlc 0.2-H.Jmlycar. m:11,111i1udc: 0.5-0.7111. [ • Some littor:i.l ngct:ilion losi lo cle:iring. 

\'~clalkiD 
Low ROI- rule O.lml~•c:,,r: m3,\mituJc 0.25m. 
Mnd,:rutc ROI - rate 0.I-0.2mlyc!lf, m11gni1udc: 0 .25-
0.Sm . 
ll ii;h ROI - r:,,lc 0.2-0.Jmlyc:u-, magni111Jc 0.5-0.7111 . 

Vt1:<:11tlon 
Low ROI - ml~ O. lmlycar: m:,,gnilu.k 0.25m. 
Modcmlc ROI ~ rnlc O. l-0.2ml~·c:ir, nu1gni1udc 0.25-
0.5m. 
lligh ROI - r:,,1c 0.2-0.lm'ye:u. ma11-nitude 0.5-0.7m 
\'crlcbntcs 
Ratcofd.:elinc:notl.:no1,n - fishllfCmobilcnndc:111 
probablywi!!1S1nndrc11SOnablyrapidnalurciJJedincs. 
p.irtic11l111lyinbasins11ithe1·cnba1hymc1ry. 

\'t,:chllo11 
Low 11.01- mlc O.Jml~ear, magniludc 0.25m. 
M0ikralc ROI - ralc 0.I-0.2n11ye:ir. m:itiniru,; k 0.25-
0.5m. 
lligh ROI - rate 0.2-0.Jn11yc:u. magnitude 0.5-0.7m. 

• Dis1urbi:Jon:a.~ofli11orol zo11<'Qr,,hc:wil, · w«d 
infcsteJ. · 

• SubS111nli11I \·cgctation buflC:r \\here joins 
Nccr11bup N~tional l':,,rl.: rest pri,·ntc prop,:rty. 

• Wc1l1111J p,:rimckrJqmidcJ from gm.i:ing by 
hor.;o:: s, 

• Dcclir1ingsu1facc11ndgmu11J11·n1crlc'\'Clssincc 
1995 (Jries most summers). kading to drying of 
organic richsedimcnL~. 

• 1kcomin11- incrl'IL~ing l~· ociJ ic ; critical 
1113croin1"Crtcbntc spccics nol yet slwming si!;US 
ofsrrcs:s. 

• Dcclincinflorasr,ccicsrichnc:ss inplo1j_ 
• Dc:elinci11conJi1ionoffrin11-ingvc_sc1111iondur 

tod,yin!l- lirc,physicnldisturbance1111Jcxotic 
s r-,eics 

• lncrc.isingsurfacewolcrleHlssi11ccl9')5 
followingonifici:ilm:i.in1cnanc,c. 

• Wo!crq11."1lily\\ll.~ Jc1erio1I1t ingho11C'\e r,since 
m:iin1cnanccquali1yisincrc:,,sing. 

• Ch3ngcJwa1crqualitylc:wl1oshiJlsin 
m11croin\'crtcbr111c .1.Thcrc\\'c1c[oca] 

Rcliablllty of information 

• Nor,,m111ncnt \·cgcl11!ionmoniloringln111s«t. 
• Sp«"ificsitcconditionsth.,1 mayinllucn<:c 

gruunJw111crJcf"'ndcnce:,,rcnolcunsi<lcrcd(cl! , 
s!r11 1i11,r.:1phy) 

• Wc1la11Jspccicsdep1hra11 gesbaseJor1 
c;,..1rapofotio11 of surfoee ond gmundw:,,1cr lcnls 
11cmss lhelcngthof11M:1nonilorini;tr31tseels 
ra!herthnnCIClll.'.llme:mircJdcpthsto 
11-ruundwqtcr. 

• Spccilicsi1cconditionslh.11may influcncc 
1,ruund11·otcr dcp:nJcncc:ircno1con~iJcrcJ(eg. 
strntii;raphy). 

• Welland sp,:cin depth ranges lxascd on 
cx1rupol1uion of surfocc and 11ruundwa1cr lcnls 
11cros.s thelc11p.1hofthcmoni1oringtronsi..-.,:ts 
ralhcrth:in11<:lu::tlmea.rnrcddcpchs 10 
!;nrnnJw:itcr. 

• Spccilicsilcconditionslh:itma1· inllucncc 



SluJ) .. r EWlh <'fl lhc \nunpu 1nJ JmJ1l<ll moon.h l 'nJn S,:,;tion 46 l·lSAI. 

Suh-Rtoup / 
GUE 

l..il;c Jfoj:11• 
P87666497U) 

Link 
~briginiup• 
(JS8}06490) ') 

IJ311 l i11s l-:.d 
Sw:unr• 
(~91206~H'1~6l 

W.ilt.'rr{'j.timf.'com1rnnt.'nl 

Jkpth or i;troundw:111.'r (ncR:1tin· ,·a lut.' ) or ~urfacf.' I Dur:ition orlnund:i lion o r 1ult.'rlo~11zlnR 
11:ilt.'r (1>0dth·c o lu c) (m) (monlhliyc.ir) 

/ ~ •·llipl/n,m - mc3n -0.61 lo -2.22 n1. ub)olu lc 0 In -.l .5Jn1. 
11. ""X""'Joli11111 - mc:iu -0.1(, 10 -l.SJm. 11b:..>lu1c -0.U, hi -
lS3 m. 
II . <Jrlir:ulu1,r - mr::111 0.23 lo - 1..22111. 11b,"1lme O.Rl 10 -2.j'Jm. 
\\'•l,·rhlrdV11·•dcr,, 
Fl,xxlcJ n1sl1cs bmwn lo h: impurtum for l'Glcrbinl brn-Jing 
in11i nkr/1pring . Sh,,!1,m·s iu sununr:r l1111\umnusc-Jby 
11aJcr~ )<) li iJL li p;:i!,; kid~ m:iy b,: rcquiri:J hi l'IClcnl Ipr~:iJ 
of1·cge1:11iun. 
:'!f ■ cro lon·n,·hraln 

1111: l:1M11111 spi:ni:i l anJ kmro1:il habitul hele1"1,lCUei1~- 11i11 b,: 
1113i111:UncJbyensurin!llhcfr,lh>11lllgmi.~of1·ci;c1:i1i"11 
:w.c:mbl:1.ge~p,:r.,is1: 
Submni;cnl - nquircs inunJ:11iun 11cconlinJ! 1" l r,.cific:nions 
ofdominantl.:1xa. 
Emr:rl!cn1- rcquircs inu11,btin11occ('lnlingtosr,.c ific.:11ion~ of 
don1innnLL:1x.a . 
l.iuornl - n:qui11:si nu111!J1i,1 11 :icrnrdin(ILnsr,.ci lic:11ionsof 
Jominanl 1:1-.;o. 
W11er•111•lll}"/a«llmcnlJ>"OC:l::Un 
ScJimcnl.smustrctn.1ins:i1ur:11cJ 'mois11hroughuu1 1hc 
summer e:ith ~·c:ir . The \\Oler tabk thenfo,c musL 001 dwp 
below tl,c slralisr:ir'!ic IC\ cl b)·cr upabk of rnwiJing wokr 
loiurfoccoq::micsthruu11hc3pill:u,• ri,;cduri11gsummcr. 
Tu :iddn~s r ASS 3113cmbic i.cdin1cnh need lo n,n:iin 
s.::ituralcJ Jurin11 l::1tc ~um mer :ind c:ul r ou1umn. 

\ "q:ct,Uoo 
.II, rlwpMoplr_1-/lu. £. n uho. ,\I. Jlr••tni,uw anJ B. <1rlir:ul<11u. 
Tcrn'!ltrl• I n:rlcbnla 
lJn\.'nm1 11 bu1Jeplh1ol[WUnJ":ilcraffl-.:l~ lcrrcstria.l 
, ·c11c1a1iou. 

1l m,,:outi/olium - mc3n0. I. 11b•101ute 0 .<11month:icyc3r) 
/J. 1,r/ic1duw - mun 3.2<•. absolute 12 tmonth~ ~c:11) 
W1t1:rblrdV,.·1dcn 
l'c1,.J~tc11ce of ~:i.llm,s into amumn. 
M•crulnn•t1d,r■ ll~ 

The l.:u-01111 ~[l.11ia l 1111d temporal h:ihitat hcLCIUJ!C 1icit~· 11ill 
be nminL:iin,.:d by ensuring 1hc fi, 11 ,miu~ mix nf\'c~c1a1io 11 
:i.1,,1cmblage~ r,. r..ist 
Mcl:lphykm - ,\here l;n,mn lo o,;cur 11111,1 rcm3in 
p:rm:mcnll~· inunJ:itcJ. 
\\'1h:r •1ual11y/1Nlmcntproca1c-,, 
ScJim\"111~ ,,. ~ p:m1:111cn1IJ· 11.:11ur~1N mui,t 

\lq:cl ■lkm I W1tt r q111llry/1cdlm1:ol procou-1 
f.. r1uli1. Sl-dime11 LS 1ubc r,.rn1ancn1lys.,,1ur.i1tdmoi,1. 
Waler q111ll~-/i.cdlmcol procou,,. 
ScJimn1l~ must n:nl3in !1':!IUl':lt,-J "n11>i ~l lhru~hou1 the 
~ummcr c3ch yc31, The \\alc1 l3bk thcri:fmc mu~I IMll Jror 
bd,m the str:11i11 r3rJiic kid lll~cr C31"Qbk of pru,·iding W31Cf 
losurfocct>ri,: :mic5 throui:hc11rill :1!'.l· ri-...:Jurinl,lMHllmer 
To OOdrc~s l'ASS :1.r13cmbic i.cJimcnls 1icOO lo nm:iin 
s.:itura\cd Juring blc summn anJ e:irly 11ulurnn. 

\"q:cl•ll011 
.II. prduiun" . :l . f,t•cin,luri, a1kl II. ,ir/i,·u /<11<1. 

Crnu-c fu r fa:..>•)·11rm ~la11• F"ll1'nl ECll. loo1<.i.h1p 

H.:.ill' (m/yt':iir) :.ind m.i,:nltudf.' (m) or dcclint I lmp:.itll u'"1d:11t-d wllh w:111.'r nRimf.' 
.ind ri,k o[ lmp:ict lt.'\'d (KOi) chani;tf.' .ind/o r other dh1urh:rnn~. 

\'q:ct■ lluo 

I.ow ROI- rate 0.lm ~car, m:ig11itud.: 0.25m . 
Mndcl':lle ROI - r:i1c U. I-0.2m'~·car. m:i~11i1uJ..· U.25-
0Jrn . 
lliph ROI - rule U..2-0.Jm 'yc:u, m:1~11 i1 11 dc OJ-0.7m. 

\"q:rta llon 
l.011· ROI- rJlc U. lrn ,e,H~ 11131!nituJc U.25m. 
Modcr:ilc ROI - rale 0.I-O.:?m'~c3r. m3!!1li1UJc U 25-
05111. 
ll il!h ROI - r:111: O.l-OJm'ycM. m:i!lnilmk 0.5-0Jm 

\ 't'l!cl lllon 
Low ROI - rJ\c Cl .1111 ~·car. 1113p11i1uJ..· 0.25m . 
Modcl':ltc 1-:.01 - ra1c0. I-O.:!m 'Jear, m:i~nituJcO.:?S-
0.Sm. 
llii:h ROI - r:ilc 0.2-0.Jm yc:u, n,3gni10Je 0.5-0.7m , 

extinc lion~lt a Jc:c1c1L....-: in 1<nsi1i1·c sr,.cics 11rid 
tll(u ou increase in aciJ-10Jmu11 ~p:ciu:mJ 
finullythc rt: lum uf s.,mc ~i@nilic:im sp,.,:ics 
foulkl prior lo 11cidilic::1tion, 

• Dcclioc in health 11ffringin11 /:.·. rm/"~ .If 
rl1111,lrW11l,.1#,1. 

• Enrn1ach111enlnfcrnc1gc111nmcn•pl1yks. 
• lkdi11cinllnr::i sp,.-..::icsrichnc~ inplots sincc 

]9'J7. 

, Vci;ctati\1nh,•:11·ily moJificJbyagricul111rc 
• l.inkundismrbcd,·cpetario11r,rn13in• 
• f.'. n,di, sh,:ms ~i@ns ufst"~~ ,1i1h m:in~· &:00 

• Onpri1"01crn11-.:rty1111J pmk,n1inan1l~· clc11n:d. 
• En1iri::uc:a111,1-.:3rstnb,:g1:1.1.cJ. 
• Snmc~311eri:df11r:<1/J7,t•1cm3int11oundfrin!lc. 

• 1.icjwi1hinpi11c plru n.:11innarklaJj3ccn1to 
ckar~Jl:ind. 

• lkgraJcd by uocl.:s, Jumpin(I of rub bi!,h :ind 
1cgular(i1cs 

• Somcinrnsionofexoticsi:ras_-.cs . 
• SoJ11_c_ tcncs1rialism1: occurrini: . 

Kdl:1hllltr or Information 

g1u1111dw111c, dcr,.ndcncc arc nul con~1JcrcJ tcg. 
)lrnlijlr:ll'hy) 

• Nup:rnt:incm,·cl!Cl3tionmonitoring 11:insc,;1, 
• Spc:cific site condition~ 1h:n mar influcri,;c 

grounJ,111!crf.kp;1klcnccarcno1consiJereJ(cg. 
sl1:1.li!lr:1rhq, 

• N,1f<'m13/1cnL1cgctutionmonitorin!l lr311:,.<.-..;l. 
• Sf',;;i(ic si1cernkliLion<ill13ln13yi11Ll u.:1:occ 

gn1u11Jw:ucr f.k:1-.:1.Jcncc 111c not con.\idc1<:J (q:. 
su::11il!r:1rhy). 

• No p;mm.11cn1 vcgc1ution nmni1orini; U:mscc l 
• Spc,.;i lic si1~ cmMiiLion, 1l131 ma1· inll 1M:1J(e 

gruunJ11111c1 Jer-:11Jcncc:uc n~I cunsiikrcJ(e)I. 
Ilr3ligrnrhy) 
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S1u~)' ofE\\lo onth<=Gnin1m,nclJanJ.ilctmwnd, l"n,J<1Sn:lion46. 

Sub-p:roup/ 
GDE 

\\'alcr n'Sl,lmc romponcn l 

Depth of11,roundm11rr (nep::alh·r \'a luc) or Jurfacc I Dun lion orlnunda lion or walerloi;u1,in11, 
w:itcr (poJilh·c \':due) (m) (months/)·c:i.r) 

l,11kc:Ad11ms• 
(~ U +l64?190) 

Vc,:ct1Uo11 
I.~ rudi1, M. prd.uirr11u nnJ ,I. fa.,cic1d<1ri.J. 

l.itlleAil.tms I Vl"j,:ct1llo11 
S,1nmr• F.. rmli, mnd .l/. p i-d~•ia1rn 
(Js•.mt,.,tn~6) 

U:impbnd• 
(39Ul2.l~9001) 

V,-gd11J.on 
1-:. r,uli111nJ.\f. pr,·i.ll im11l 

Rru.1r,.,_f.,,,,. C.:11/rof & Sou/Ir Co,r,p/e.,,· 

[,a.1.:c G11ang3ra · I \\'■ !er qu1lif)'{M.'dlmcnl procaK1 I \\'11u q111llty/M'dlmcnl procisi.c, .. 
(392786~82~0) Sediments n1usi n:m:iin ,:i!uraled/moi st throughout the Scdimcuts hl bc: J'l'mrnnently s.:i luralcd 'moist 

summer ~ch~car. The 11·:ilcr l:ibk lhcrcfo1c must not drop 
below the str:iligraphic lcn]lb ycr carobl~ of providing waler 
los111fo.ccol"E' ;inics thruughc:ipi ll.'IJ')' riscduringsummcr. 
To :r.ddn:ss l'ASS nn,ic robic J,1;;:din1cnls need lo remain 
sa!111a!cddurin1,l,11csun1mcr:u1dc:irlyq11Junm. 

J/a..•1.1,,.•1i,J..•r111 ,\"ort/1 Com pie, - /,,1!,r/a 

Lexia 86 I Vq:d■ tkln - 5 yc:i r me-111 31111 nbsolu!c w.i1cr depth r.u1gcs. 
(.«ll .-66-.186H) M. puiuio"" - mc:111 --0 .5-' lo -2.62111: nbsolu!c I .OJ to -

5.o.lm. 
D./i1torr1/i.J - mc:in--0.39to-1 .92m.nb:;o1u!c0.-13to-3 ,09m. 
A. /1.1.-,<icu/1,ris - nmu1 --0.35 lo -2.26m. nb:;olu!c I .OJ lo• 
4.6m. 
P. dliptinun - m,:311 -0.61 lo -2.22 m, 11b.,;o!u1c Oto -3.5Jm. 
/l. ""b"'1ifo/i11m-n1ean-0.161o•3.53m. ab:;olu1c-O. l610-
3.53m . 
D. ur1icu/111u - mc:u1 0.211 to -l.22m. absolulc OJI I It) -2.59111 . 
\'crlcbr■ lcs 

llighcr 11intcr!spri11g waler k\'Ch needed for fr<li! s, lkplh of 
!iurfaccw:ilcrinspring:2003 ll'assufficicn1 toin.lucc 
bn:cdingofmo~ning frog.. 11hich h:illnot n·crnilcd the 
prcviouiyear. 
:\l ■ crola,·cr1chratci 

The k1101,n spali~l 11 11<1 lcn1por:tl Mbilnl heterogeneity 11ill be 
m:iinc:Uncd bycn~oring the followi11g mi:..: ofvcp,clll!ion 
ns.-<emhbge!i pc111bt: 

Ccn! rc for E.:o•) Item ~l•n•~anmL ECl!, Joor,d.lur 

V<i?d■Uon - 5 , ·car mc:in 11ml 11bsol11tc m:i.-.: inrnm period 
ofi1111nd:i!ion(month51yc~1) . 
M. prd.T.<itr,w- mc:u1 0.(,, 11bl0.Jlu!c 4.4 (month5'\'c:ir). 
JJ. Uttoruli., - mean 0.3, absolute 2.11 (month'yc.ar). 
, l.f,uricuforiJ - mc:u1 0.66. 11bsolu1c 2.6 (moruhsl, •e:11). 
I' . .-1/ipticum - mean 0.2. 111".olu1c 0.6 (monlhs'yc:ir)-
Jf. m11,:mtifo/i11m - mc3n 0.1. absnlu!c 0.6 (months'yc;u-). 
B. 11rlic11/ul,r-mc:u13.26,11bsolu1c 12(mon1hs/yc11r). 
Vcrlcbr■lc, 

4mnnthsinund:itionforfrogs tobn:cd? Long-ncckcll 
Tortoises ha\·c been found in this wetland bul 11crc in \'cry 
poorcoudition: 1hci,c pruOOblyr.equin:inunJ.:i1ionof111 
lcast9monlhs'! 
W1tcrqu1llty/.Kdlmcntproccue, 
Scdimcnl5tot:.."pcrm:u1cnll~·s.1lur.itcJ 'rn oh1. 

R:i.lc (ml)'t2r) :ind ma,::nltudc (m) of ck·cline I lmp:acts :auod:111:'d wifh ,nrer rcp:imc 
:ind rhk oflm11:1cl Jeni (ROI) c.han,11:c and/or olhcr di.11urh:ancL~. 

Vt1telallon 
Low ROI- ,:ite O.im'ywr: m111,nituJc 0.25m. 
Mu.Jcrulc ROI - r11le O.I-0.2m1yc:ir. m111,ni111d.: 0.25• 
O.Sm . 
lligh ROI - nle 0.2-0.lm'ye:ir, 111111,nitudc 0 . .5-0.7m 

• O.·erhalfi1pr\\'111dyo"nc:Jkuscd11S 
padJod :. 

• Some wclfor,d lr~s n:mnin. wi1h II wccdv 
umkl'Mon:y. · 

• Crown rcscn ·c !>Cction 001 ck:in:d bu! Ms 11 
w11ll.:w:iyco11struc1cd1hroughi1withpl11nting·s 
orcsotic trcc sp,:cic~. 

Vq:cl.1tlon 1 • Ex1c11si\·clyon clc:u-cd prl\'11lc pnircrty with 
I.ow ROI - r:Hc 0,lm1yc:ir. m:111,11iwdc 0.25m. 11,r:i.zing access 111 fol.:e t:.:d . 
Modcr.ite ROI - r:ilc 0. I--0.2mlyc:ir, m:1.11, ni1ud<: 0.25-
0.5m. 
llip.h ROI - rnlc 0.2--0.Jm'~cnr, nm~nil11dc 0.5-0.7m. 
\'t,::et ■ tlon 

Low ROI - rJh: O.lm' r c.:ir. m:ignitudc 0.25m. 
Modcmlc ROI- ra!c O.I--0.2m 'ye11r, m:igniludc 0.25• 
0.5m, 
Jlil!h ROI - 1'31e 0.2--0.Jmlyc;u-. m:igni!lldc U.5-0.7111. 

\\'■ lcrqU1ilt}' 

\'<i?clllion 
Low ROI - r3lc O.lm1yc:ir. m:111,11ituJ.: 0.25m. 
Mndcr:itc ROI - r:ilc 0. I--0.2m~·c11r. m:111 nit11Jc 0.25-
0.Sm. 
lli11,h ROI - rate 0.2-0.Jmlyc.'IJ', magnitud.: 0.5--0.7m. 

, Surruundcdbyclc;u-cdfannl11ndwi1hsca1tcn:d 
renm:inl Eo,m/yphu 11nJ Bmibit1 sp. 

• Pincs inH1.di11gfn1mc:isl 
• Some tlic-lxlcl.: of E. ruJis on west ~hk . 

• Lo11 mac1oin1·er1cbr3lc famill· richness. 
• Lowpll~C\·idcnccofeutror,hic11tio11 
• RcduccJinun.falionoflinor:il ~ fri11 gin11, 

\·cgct3tion~lhercfo1c]owerh:ibitn1 
complexity. 

• D0'inl!oforg1111icrichscdimcnt. 
• O.,clincinhc:tlth~p.:itchdcnthsoffringing.\f. 

pr,:iuia11a.-tll. 1/frifo/i,i. 
• Encroachmcn1offringingvc j,lcll!iu11into 
wc!l3ndbnsi n ■s B.1rr/icr1/,,/,1eon!rnc t5, 

• Rcductioninrccruitmcn1ofmoaningfrog. 

Rdiahilil)' ofinforma1lnn 

• Nnp,:m1:1Ucnl.-cj,leta1ionmuni1oringlr:inscc1. 
• S~ilicsitcconditions1!m1m11yinllucncc 

gruundw11!crJcp:ndcncc111cnoleo11siJcrcJ(c j,l . 
s tr111igr.1phy). 

• Nop:m1:inc11l\'C!l,cllltionn1oni1nrini;lr:u1se<:I. 
• Spccilicsitcmn.ditioru thatmnyinlluc11cc 

gro1111dw<11crJ.:p:11dcncc 111 cnot con5id.:u:J(ej,t . 
~tr.1 tigr:iphy). 

• Nop:m1:u1cnl.-c11,c1:itionmonilorinp.lr11nsc,;L 
• Sp<:eilicsitcconditionslh:il m:iyinlluc11ec 

1!1Ullnd•\'111crJcr-.:nJcncc:ircriolconsilkrcJ(cp. 
stra1igraphy). 

• Nop:nn:mcntvegctatiunmonitoring trans«!. 
•SpccificsiCcconJi1iouslh::itmayinf111ence 

groundw:ilcrlkp:nJencc11rc not con.~iJ,,rcd(eg. 
Slrnligraphy). 

• Wctl11ndsp<:eies dcp!hr:inp.cs b:i.'i00011 
c:-.1r11pol:11ionofsurfo.cc1mJgrounJw~1crlc1·cls 
:icross thck11g1hofthcmoniloringlr3nsccts 
r:ithcr lh1111 iic ll.l.'II mcas11rcd,lcp1hs 10 
gruundw11!er. 

• Specific l>ilc condi~on.~ th:i1 m:iy i111luc1Kc 
gruundwntcrdcf"'ndcncc 111c nol con.~iJcrcd (cg 
!itr11!igr.iphy) 
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l>cj>lh of i;:roundw:ilcr (nci:.:illn• \":i!Uf) or .rnrf:n:e I UunUon of inund:i lion or ,ntcrlo1oi.ln11-
w:i1cr (J>0Jltin• \";duc) (m) (monlh!ll,-e-Ar) 

Submcr1u:111 - r<."'quir..-s i1111n,b1io11 :iccunlint:- 10 ~rccilic:itions 
ufJomin:intl:l."3 
F.111cr[:.enl•rcq11irnin1111,fariun11cc1ln.lin11tu sp:citic.:itiun1of 
domin:1J11ta'l'..1. 
l.iU11r:il - n:quin:sinunJ.,1iunon:urJin[:.1(>~1~cificalin11sof 
Jo111iu:in11:ix.1. 
W11cr 11111lll r/~-dh11to1prll(u,c1 
ScJimcnt~ mus! mnain s.11ur:11,:J 'ml'li~11hmu11-houl J1c 
s ummer e;ich ycu, . Th,; wa1,:1 t:ible Lhcn:forc mu.>I Jkll Jn,p 
below lhc s1ra1ip.r:irJ1ic kn,1 J:ii·tr car:ibkofpro\idins 1\1lcr 
to s111fxe tll}lllllics lhru11gh caj'illary li!i<: durinp. llllllOlCI 
T" nJJo:~, l'ASS :u1acmbic ,cJin1rnls nn-J 1u o:~n 
:,.:,tu,:il,:J Juri11g. la1c summer :u1J c111 I~ autumn. 

Vq:d■tlon • 5 ye:ir mc:1111mJ ab,,o]ulc l\llh:r J.:p1h nu1[:.ts . 
. If. pr.:i,., icm<1 - mean -0.S-l 10 •2.(,2m: ob,,ohnc I.OJ lo -
5.0-lm . 
JI. lilloru/ir - mean -0.:\9 h1 • l.'l2m. olr•olu1c 0.-D 111 -.\ .09 rn . 
-~-fim'kuluri:t- mean -0.15 lo -:! .26111. absolu1c ].OJ lo -
-l .6m . 
/'. d/iplimm - 111c:1n -0.{, I to ·2.22 m. ab~lulc O 10 . J.5Jm. 
II. <111,:r111ifn/ium - mean -0.16 IU . J .5Jm. :1 !l'SI.M111e -0.16 tn. 
l .5lm . 

Vq:cllllon - 5 ~·car n1c:1n and obsolu1c maximum pcriud 
o finu!Watim1\munlhs 'yca r). 
,\/. pr .. ,uit.mu- mean 0 .6. absolulc -1.-1 \monl.hs ~c:n~ 
II. /,'//tm,IU • mean OJ. oll'Sl.,lule 2 .R \nwn\h~ 'i ·c31). 
, l.fiudc11/11ri.1 - 1ne:u,0.(,6. absolul.:2 .6(n1011lhs'yc:1rl . 
I'. r/Jlp1fru,n - mean 0.2. :ibsolulc 0.6 (munths 'ycor). 
1/. 111,,:rutifolium - mc:in 0.1. ob~lutc 0.6 (nwnlhs '~·e:u). 
ll. mlin,/ulu - mc:1113 .2(,.11!l'Sl., ]u1el2(mnmh!ioye:ir) 
\'utchnln 

8. 11r1ic11fo1<1 - mc.:in 0.28 lo • I .221n. :absululc 0.8 1 10 •2.59m. , l'rogi; require -I monlh.s inu1Ja1io 11 . 
\'ulcbnk1o W•lerqu1ll1y/M"dlmcol procoM:t 
frup.5 11/C rn:scm bul arrc:i, lo h,: 11!13bk hi brtc..:l SO hip.I-.:, ScJin,cn\:i lo Ix penTI311Clllly s:il11r.11cd "nmb 1. 
~rrinp. 1e,·cbrcqu1red. 
W•terqu.llty/Kdlmcal procoa.rt 
Sc:Jimenl5 mu)<! rern:iin s:iturt11cJ rnni sl throu[:_ho m the 
summer each ~·car. Th,; \\Iller t:iblc ll1cn:forc must oot J10r 
bchn\l11eslra ligr:iphic lcl'Cl 'b)c1cnp:1bkuf)lfm'iding1\alc1 
lo surfocc orp.anic~ thruul,lh carillnr~• n~ durinp. s umn,cr. 
To aJJrcss l'i\SS :inacrobic ),l;Jimenls nccJ to ,cmain 
s:i1ur.i1cddurin11,l :i1c,ummcra11Jc:11l1· 11ulurnn . 

\"c,:tllllon. 5 yc:i1 mean and nbsoluk 1111kr dcpeh ranp.e~ . 
.\l. pu.,Ji,m<1 - 111c:i 11 -0.5-l lo•2.<,2m::ib!.olulc I.OJ to• 
5.0Jm . 
.-l.fiu(lrnl11ri.f - mcan-O .. l 5 lo •2.U,m. :i~ulc I.OJ 111 • 
-l .6m. 
I'. o!lliplkuri, - mean ..0.6 I hl -2.l: 111. 11b,ulu1c Oto .J.Bm . 
If. ""K'"'ifolium - mean -0.16 h• -J.5Jrn. ob,,olU\c -0.16 to -
J.5Jm. 
\'i:rkhnln 
Fro11-~ :ire pn:,.,,.n, but oi•ro;ar to h.: 11113blc 1u b1ccJ. S<.i hip.her 
~•~ lcn:h mJuirtJ . 
\"t1:c l1 tloo 
Nc,1egct.a1iunmonihlrin[:.UDns«111uJ1e1,1clationnut 
uscss.:J . 

\'1.-i:,ct11lon -S yearmcan:uidabsolu1cn1ll'l:in111n1perioJ 
ofinu11d:itiontmo nthsvc:ir) . 
,\/. /J'd•J"-•"'• - mc:1110:(,.ab,;olu1c-l.-lt 111011th:.yc;11). 
,t. fiuci,11/<1rll - mc:in OJ-.6. llbs.1l111c 1.6 tmond1s ~·earl 
I' . .-lliptk 11m - mc3J1 0 .2. llbsnlurc 0.6 \mt1nl11s ~·c:ir). 
II. ,m,:"'1ifolium - mean 0. 1. :ib:,olu\c OJ• (mo111h:. ~ car). 
\'1: rkbr■tn 
Frop.s n.:quirc-l n1onlh.iin1111d:11 io11 

emu~ ror lc.;:u•i 11,m ~bnarcmcnL ECU. JoonJ.,lur 

Ibl e (n1/ycar) :ind m11i;:niludc {m) of decline I lmp.ict., 3Hoci:ill'fi \\hh water rci;:im\' 
:ind rhk oflmp:icl lcn:I (H.01) ch:ini;:c :i nd/or olhrr di.,1 urh:1nn.,, 

\"q:d•llon 
I.mi· KOi - r.uc O. l m')cllr. m:i11-ni111Jc 0 .2Sm. 
Modc:rak KOi - rn1c 0 .J-0.2m '~ear. m:1p.ni1uJc U.25-
0Jm . 
]lip.hROJ - 111\c0.2-0.Jm 'J'e:ir . map.ni111JcU.5-0 .1n1 . 

\"t1:cl11lon 
I.mi ROI - rnlc 0 .Jm ~car. m:i1,mi1odc 0.25m. 
MoJcDIC KOi - 1:11.: O. I -0.2m ~-c:ir. magniiu.k 0.25-
0.5m. 
ll iFh ROI ra1c 01-0.Jm ~-ca,. magnimJc: 0.~.7111. 

• Uryingnforp.;micrich scdimcnl . 
• l .o\1n,acroin\"Cr1ebr:itcfamilyrichncss 
• lkdi11e in lical1hufrrinp.ing tree •r-.:cics. 
• Encr11xhrncnloffringinp.1n:csspn:ic~i nlo 

b.:a~i 11 us //. "~1ic11/,11,1 co11lract.s. 

• DT)ingofo1F1111icrichscJiment,;. 
• lkcli11c io l1e;11Lh uf 1011p.int:- .u.,.,nuim111. 
• Dry i11p..t1hinnint:-of1\cll :111d shrubs .t 

ClllCfl,l rnl lll3CUll'h~1cs IICfU).~ OOsm. 

Rtll:lhllityoflnform:ilHin 

• WctlanJ sp:,:ics depth ,aril,l ts b:i.'il'd on 
cx1,11polatiu11uf surfaccarJgmunJwa1crlc1ds 
acmss 1hc lc111,11h11ftl1emoni1oringtran'te\:b 
r:i1herll1:inac111almeasurcdJcp1hslo 
p.ruundwalcr. 

• Sp:,:ilicsitcrn!Kli1ionslh.:11m:iyinfluc11cc 
[:.round1\·111crtk1~nJcnccurcn111c(1nsidc reJ(cp. 
s1m1i~r.irhr1. 

• Wctl:inJ sp:,:ic~ ,kpth rnnFCS N.'il'd on 
c>;Uapoblion uf sutfacc anJ 1,11uun,h,:itcr k1eb 
1cros.1 1hckng1huf1hcmo11itoringu:in'te\: I~ 
rnthcrllmn11Clllll mca.\uf,:dJcp1hs 10 
gmw1J11a1c,. 

• Src-cilicsilcco11Jition~lh:nm:iy inlluc:ncc 
p.munJ1\;1\crlkr-.,:11Jcnccarenutwn,iJcrcJ(cF 
~,r:itit:-r-Jrhy). 
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StuJyorE\\lttonlhc:Gn•n!m •ndhnJ>lolmouJW,LTnJcrSc.:tion-46. 

Suh-1troup/ 
GDE 

\\'all."rr~lmecompom:nl 

~1NA1. 

Dcplh of 1troundwatcr (nc1tath·c nlud o r 1urfacc I Dunllon of lnund:atlon or walcrloRJElnl,! 
w:i.lu (pHltire \'aluc) (m) (monlh.Vyl.':lr) 

(M606-l7.''61J) 

Coti.:.slo,• C,·ntr,1/ um/ So,11/1 Complc,; 

Ridp.es• \'l"J!ehilon 
E. rudi, ind .\l. prdui,rn,t 
Trrrcilrl1lnTlcbr1t~ 
Un~nown rd:ition.-hip b.:t1u-cn grnunJw11lcr, upl11nd 
n:gcl.1!ion11nJ1crru11i3l nrlcbr.1lcs 

lJuM<·1J<J.w1 North 1h111.Ji/io,1 Complt'.r - ,\'onh 

11 d..lmpl:ir,J~• I \'~cbllou 
pgt,JJ65 1757. J86U6S l7S7. Jl7JlMl919.J87'JS6S2.l lJ .~U616n-'07. 
3L~6!16S l780, Ji9196S2Z7l 1nJ J89.l;6j20.l0-Jf. prd.uiunu. 
3i6.t665174?. 
3166%5 17S B. 
Ji7J l6Sl919. 
H7986H.ll l . 
J882j632 1-1 7, 
3Un6H l7 2.. 
JH616~2.W7. 
38')1%S227S, 
J89JJ6S20JO) 

JS6¼6S l7H . .l8:-616317SO H1J.l866%3 17~8- M. prd.,ianll :mJ 
E.rruliJ. 

:i1sn,s2112,nJJnrnm141 - B. ilicifr,/iu 

JJru.1,•ml~un Xorl/J Compfo., - r,,,,J Sw11mp 

Yc31Sw:imp• I \'l1!,cl1llob . 
(~82676:51751) .\f.puiui<Jmr~ndJ-:. ru,fa. 

Tcrn,llrhl \ 'ttkhnln 
Unknown. 

I" I C~"' fo, E,o,y"= M~•, ~~, ECU. J=.,l•p 

L 
l 

Ratc(m/yl-:.ir) 1o1nd m111tniludc (m) of dttllnc I lmp:i.cl., u~dal«I with w:i.lcr rc1timc 
and ri .,k of Impact lcn~l (ROI) ~han11,c anti/or olhcr dilturh:inc". 

Rcliabililyoflnformalion 

MoJcr.itc ROI - tti lc O.I-0.2m"yc:1.1. ma11nitu.Jc 0.2.S- 1 • Run-off from s.!ormwnh:r has kDd lo mtis.,ivc I slr3li1tr:iphy). 
O.Sm. 11·cnlin\'11sion 
lligh ROI - rnlc 0.2--0.)m'yenr. mt11!nituJc 0.5--0.7m • Remnant n:l!cllltion ~unoumb Iii< la\;e nl1h1.1ugh 

\'r1,:d1lloo 
Lo11· ROI. rate O. lm 'yc:ir. nuJ!nitudc 0.2Sm. 
Modcralc ROI - r11tc 0.1-0.lmlyc:ir. mapniluJc 0.25-
0 .5111. 
lligh ROI - r:i1c 0.1-0.3m 1~·c111. m:ii;nimdc O.S-0.7m. 

Vcit,ct•tlo11 
I.ow ROI - rJlc O.lm 'ycar. magni1uJ.: 0.2Sm . 
MoJcrn!c ROI - ralc O. I-0.2m1ye11r, m:ignituJ.: 0.25-
0.Sm. 
lligh ROI - rn!c 0.1-0Jm'yc:u-, magnitude O.S-0.7m. 

\'r-j!clalkm 
I.ow ROI - mcc O.lmlyc:ir;_ma![nituJ.: 0.2Sm. 

ithasbcenikgrOOcJbylirc1111Jwcc-ds. 

• Somc ck:ari11i; in no rth section of11ctlarld. 
• Dei;r:idcJ by trxh t;.. dumr,inl! of rubbi~h It c111 

bodies. 
• No1moni!ur,,Jsincc l ~ductofi1c. 
• Morl:ilitics ofB. i/icifo/iusincc2001. 
• WccJsi;cncro.llrrcst riclcJtol'-1W11n:.1 
• MMurcE. rm/i.r.-howhighdcpn:eofstn:s_~ 
• K. ~dcifo/i,!11r,rc11rJrou11J11sin:ssc,d 

■ Sys tem uf!!cnmr.lly conncc!cJ d..lmplan,h 
sir1111tcdwithina ]:1rp.c1m:.1Llfhiizhq113li!y 
bu., hlarld. 

• (38G IJ6,]7j7J: Dominalcdbytcn-cstrinlspc.:ics 
inundcrslon:,·. 

• (3!16.l865 1780j: Some eYidcncc of .~tress in£. 
rmli1occupyingthclowcs111rc:1s 

• {3863665 174?): Vcgcl:l ti on 1·11 ri 11ble 11<:russ 
darnpland. Some chlorosis in£. nt11if appcar.r 
recent . 

• (.ll6696, 1ns1: Numb.:rof1cr,· strcsscdAL 
pNi.ui,m11 8:. occ:Lsinlllll dc:Jd -B. i/icifr,/ia. 

• (3117.l\6, l!,119): i\pproxim11lcly~ :O ofm11h•fl' 
M. p,.,iuUm,i 11rc dc:id. Palchcs of Kwc,•11 .sp 
11n:5e1•cn:lydmught:1ffccteJ. 

• (.li7'JS6'2.'ll): Dicboc~oceursi1111llj11<:c11! 
blocksofLhcn:ilun:rcscroc. 

• (3882¾H 147 &:. 3!87~52172): ,\l pr~iuirmu ll/C 
de:id. t.hjorityofB. i/icifo/fo11Tcrcsprouting. 

• (31186 1652407J:Only sm.1llp.i1chcsnfik:id 
1·cgct:1tio11. Some dcalh of mallln: M. preW/ona. 

• (Jl'Jl9652Z75): Ro:idthmughwcd:mJ.h:is h:ida 
dctrimcnt:ilimr,oct. 

•Pl'J.l3G52030): Adj:iccntla11d11rrc.1rstobc 
scwrdy Jicbac~ affec ted. 60":o o/M. pr,•iuimw 
1·cr,· s tfc ~'ICd or dead. Most of Lill Kmc,·<1 
s.:n"ihl:mJdcad. 

• Dcclininghcalthofo1·cDC11lrcy spccics. 
• Vq1et.:11iooeh:L11!,!esfromopcn111.lo.)Olnnd10 

■ Sp,..-cificsitcco11dition.•ll~,tm.1yinfl1icncc 
izmu11dw.1ln<krcn,k11ce11rcno1considcrc,J(c11-. 
~tratiizrnr,hy). 

• Nopcrmancntvegc t11tionmonitoringtr1111sccl. 
• Spccific si1c conditions tl~11 may influence 

gruundwatcrdcpcndcncc111cno1consi(ktcd{cg. 
s traligrJ r,hy) 

• Spc,;:ificsi!ccoridi1ions lh:Ltm3y infl1icncc 
!fnlUnJwalcrJcpcridcncc11rcnolcoMidcrcJicg:. 



Slo'1) oflCWR, on lhc Gn,n r•u ,nd J:,n,Jalct mounJ, l 'nda s..._ticn J6. 

!-iuh•Jroup / 
GUI-: 

\\' :1lcr r~lmc rnmponcnt 

DcJJlh o f Jtroundw::itcr (nc1t:ith·e v11luc) o r 1urfaec I J)ur:alton o f inund:ation nr w::itcrlu1t1tin1,: 
u111cr (JMnllin· nlur)(m) (monlhVp:::ir) 

ll indi:111 .:i l;,: • 
(.1H l ~ l6 , l9-1 1) 

l>.1ml'b11d• 
OUU6!JU6) 

2dnmrland., • 
Pll~J06~1762&: 
.ll.')16~181IO) 

Tcrrnlrl1l,·crlchr■k• 

Uul.:m,11 11 rd:ition !>hip bc\11•-cn e,ruu11ih111tcr. ur,l:r.uJ 
, q1.c1:ition :md Lcm:~trial 1·,:r,,:hr:it,•~. 

\ ',:;:ctallon . 
,\ f_ pr,:i.,.,imm, f.". rid« and II. fi llornf i.J 

Tcrrntrlal nrlcbraln 
Unkmmnrd:11ion••hi1'L,,,:h1•-cngrnu11d11:r.lc1, uplanJ 
, ,:g,:1alion :ind lcm:slrfal 1cr1chr:itc,. 

\'qtclallon . 
• lf. pn.•••-•i<llk/3nJ£. r1ufi1. 

\'c,:et1l lon 
J R.U O(,j 17(,2 - M. puiuim1<1. £. r, i,fiJ anJ /I. l illor<Jlu 

JR.1)7(,SJROO • .U , ,,nui,111<1, F.. r,i,/u, B. filloriJ/iJ :r.nJ 
.-l .fiurirn/11, i.,_ 

/l ,i .... ,;,.•111k,11, ,\',mi, Complu - r,,.,/ Lr.-.11 

2darupla11J, • I v,:;:..,1 ■ 11on 
P81J46!2776, J8 14-IM2776 - ,If. pr.:, ... 11m1<1 nnd H. lillumfo. 

,1 811J6,2.l(J!) J8 174M2JOS- ,\f. pr,·u .1i<1no. f.'. rJ~flY:i11J//. 1111.,;mtifu/i11111. 

S umpfond• 
(~1,,16,21211 

T1111p:k1ox 
S\\amr,• 
p7(,(176'2'J72) 

(1) ..bmrJ:mJs• 
l J 7'J l76,2.J6 I, 
~7'>J86H~~J. 
}7')176!27'>6. 
J7')116,Hll?. 

\'c,:cl1tlon 
.H. J"•'i.ui,mu :inJ lf. mrg1urifnfi111", 

\'CJl:cl ■ tluo 

.lf. 1,r,•n,s,111a. t:. rru/i, and , l. fi~1dcufu,iJ 

\'c,:ct,tluo 
).7')1761~~ •. J7').l86!2J~. J79S76~~J~. JlillO'J6~2'!0 . 
:tl.lll'X.52+.I 0 · 
. \I. prcu., im1<1 E. m Ju and D. l,11owlU. 

Centre fo1 E,;a;,1)·, tnn Muupanml ECLI, Joon.S.,lup 

Tcrnllrbl nrlcbrak, 
U11knm111, 

}hk(m/yc:i r) :ind m:11:nitudc(m)ofdttlinc I lmp:ico 111,wcli11cd uilh u;ilcr rcp.imc 
:ind rhl,; o flm11::ict JC\·el (ROI} ch:mitr :m<Vur o lhcr di.,turh:1nca. 

MoJcr:ncRUl - rn1cO. l-0.2m'yc:r,r. m:ie,niiu..k0.25• 
O.Sm. 
ll i11h J,WI - 111 10: U.2-0.J m'~·,:.ir, m:i~rnitll(k O.S·0,7m. 

\'l1!,Cl ■ llon 

l .uw 1{0) - rnt,: O. lm'~c:ir: rn~gnilllJc 0.25m . 
Mv<krn t,: ROI - rate O. I -0.2m'r c~r. 11111gni100<: U.25• 
O.Sm. 
lli j!h IWI rnlc U.2-0Jm ~c.ir. ma1111 i1 uJc OJ·0.7m. 

\'c,:,: lallol'I 
I.ow ROI • mt,: 0 .1 m'y,:,:ir; m:igni1udc 0 .2S111 . 
Mo&:r:it,: ROI - 1111,: 0 . I -0.2m1~,:,'.IJ'. m:igni1udc 0 .25-
0 .Sm. 
ll i@ h ROI - r:il,: U.2-0.Jm yc:ir. m:igni tudc 0.5·0.7m. 

\'q:d1Uoa 
I.ow ROI• rai.: O.Jm yc.1 r. mJgniludc 0.25m. 
Modo.:rnt,: ROI - rntc O. I-0.2m'yc.ir. magnituJ.: 0.2S· 
O.Sm. 
I li,h ROI - 1atc 0.2-t.U,n yc:ir. magnitude: O,S·0.7m. 

Mr>Jcra lc ROI - rJlc 0 . l. (l.2m yc:u. m:igni1u.k 0 .2S· 
0.5 111 . 
llighR01 - ru1,:0.2-0 .J1n 'ycai.ma1111i1ulk0.5·U.7r11 . 

d m.cdhc:i1h - tnlJi;a;rub11ithsmJ1lchanFcsin 
lll J"'il'Drhy , 

• Mining ofdinhimxcuus ur1h in n:e,: 111 ~·,:an.. 
• l}i~turh'.111e,: fmm 1,:hiclc trnc b I;. ii1"n.sion uf 

Ollllll,:il11ccds. 
• Som,: f .'. rudu ik:11h in S11 u1hc m x dion. 
• Kmc,·11 .•11, . how si1111s11fdmu!l,h l ~1rcs~. 
• Dcclining hc11 l1h uf/:. rn,fi, 
• Esrc llc11l1cgc1mi11ub11ffc,om11nJ"clln11J 
• l'i11cs IOOm f1um 11·,:sl 5idc 
• Ve hick~ nccc~, cfo~ f"IU in NW .\Omc 

locoli!>eJ..bm:lFtlul,:F,:111 lio 11 
• Dr•ll1'1il2fX).I . 
• Undi~1urbi:d 11i1h inlxl npct:ilion. 
• l.:i11c1·c11c1..11 innbuffc1 si:p,1ratcsd.1mrl11nds 

fm mH:hiclc t111cb 
• Some f.'. ,,u/i,:Jto11 sigosof ~trt~,. 

• (JRJ.I0(,5 1762): W,:tbnJincxcdknl condi linn. 
b-idcnc:,: of lill: or1•o>timn1dy 2 ~·cars :lftO in 
tcrrc-s1rial 1·,:11,:1a tiun, 

• (18))7651800): Sn1all Mcq• ~ dcJ d:irnplarid in 
ri.:uurc IC:.C!'I c. Shn1\ ~ slurp u :111'.li tiun from 
1cncs1rial1011ct lanJ1cjlcLa!i<'J 11 . C.1uscJlv,1 
forcs1of,\ld11J.,11rnsu11gcS1sth i~ !>i1cis11,:11cr 
1t1:1 n sunuuridingJ:a11pl:t.nds. 

• ()Hl.J.J(,5277(,J: !>omc dcaJ .If, prd11 i1111<1. 
• (JM17.J6523USJ: N11mcmus dc:1J:1nd ~trc )o.\CJ,I/_ 

pr<'iuim1<1101d F.. rudi, . 

Mn,kralc liol - 1111,: tl ,1-{).2m yc.ir, m:ip.ni1uJ,: 0.2S· 1 • lnJic:iiinu, of prc1·in11s lire in nunhclnDlca u f 
0 .5m. ll'Clland. 
ll i1i1h ROI - 1a1c 01.0.Jm ~ca, . ma11 ni1uJ..: o.s.o.7m . 

\ '1.,:ctalkio 1 • A11 huugh 1ctT~-:; ti\nlis:11i,m is oc,uniu~ 
l,0 ,1 HOI • r:il,: O. lm ,c:ir: magni1udc 0 .25111. \Cj!Cta1inn is in cw,llcn1 c1mdi1iou 
/llo&.:rat,: KOi - ralc 0.1-0.2111 yc:ir, ll13!llli luJc 0 .2S-
0 .5m. 
lli~h ROI - r:ilo:02.0.Jm ~·c.ir. magni1uJ..: 0 .5-0.7111 . 

\"CJl:tl ■Uoo 
l,0>1 ROl•rJlcO.Jm ,car: nugni111Je 0.25111. 
Mudcrncc J{ OI - ra k: O. l .0.2m 1ur. nui:niluJc 0.2S· 
O.Sn1. . -

lli11h ROI - rJt,:0.2.0.Jm ', ·car. ma11 11in,dc O.S-0.7111 . 

/Jof.'(]OOIJ 
• 3791765 2.:a6 1.37<J.18652H.J<'::J79X7<,S2+1(,: 
M~IUCCOUS s hrubs )huW si@ nJ of dmuir:hl sere!>) 
across 1hc crnircarc:i.:;iFnilicantJ1ca~oftalt or,:11 
!>Crub&::iJnrn!'l· ~tr,:: s -.:~in thcca\lcm:.cction. 

Rrli111hili1y of Informal Ion 

slnltigrnrhy ). 

• Nopc1ma11c1111 q1c l:r.tin1111u111ih1ri ng lrn11 "'--.: I. 
0 Spccilic si1cco1w.li1io11, 1h.1!m:r.)· inl111crn:c 

11round11al,:1dcr,:1Nk11ccp1,: notcon•iJc1,:d(,:F 
rnaliFrarhy) 

• No rcm1:111,:n l \'cp,:1:ition moni lorinjl u:msccl. 
• Sr,:cifici.iLccmw.li tio ns Llutm:iyinflucnc,: 

l!toundwo1C1dcpcnd,:r1ccll.fen<1tcon,idcrcJ(,:p. . 
s11:11ip.rarhy ) 

• Nopr.:rm:r.ncnLl' cp.clativnmon i1 vrint1 lrnns«I. 
• Sr«ific~i1cconJitio11 s 1lu1111:i)' inllucnc,: 

p.mu11dw111c1Jc1\:ndcncc:ucnntcunsiJc1,:d(cg. 
sU.11igrn1•h1•J. 

• N,-;-r-,:nnnnc11\l'qicrntionmoni1uringtran~ 1. 
• Sp..-cifasi1econdition~1h:r1mayinlluc11c,: 

ir:ruurkl11111,:1 dcpcndcnc,: aic rKJ I con~iik rcJ (cir: . 
)lrD1i11rnph"I. _ ___ _ 

• Sp..-.:ific !>i lc c01w.litio1t~ tha1 ma~· in llu,,·11H 
11ruund,1atcrJercnJ,:n,:,:arcl\lJLc,m,iJc rc:J(c11 
s1r111i11rnrhy). 

• Nn r-,:nn.1ncn1ngc1atinnn1oni torin!_! ll':U1 !>1.-.:I. 
• Sp..-.:ific sit,:c.-,,idi1ions 1lu1 n1.1~· inl111enc1: 

gro11nd1uuc1d.:rcnJcnceruc1101cnnsiJc1cJ1 c@. 
slrllliir:rarhyl. 
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Suh-p; roup / 
GDE 

\\'111er rqi;lme romponenl 

~1S,\L 

Deplh ur grou ndwalcr (nc11:ath·e , ·a lue) or surface I Duration or lnund:alion or w111erlo11:Rinp; 
walu (posilh'e n lu e) (m) (monrhJ/yc-u) 

379X7652"46. 
J50.l06'2617. 
JBOO'.J6'2550. 
JS02J6'22!n. 
JI0:!66!26-ll, 
J S0)96J2j24, 
noJ::6nG 11, 
JII0:!-66'27)8, 
JI0-166'26J5. 
J i!l ,116n,,..1. 
JS0&.1 65272..1, 
Jll07865HJJ. 
Jll09..l65Mn 
380126~21?:!. 
JS0"65::.mo, 
380'}76!2..171, 
3IJJ96'26SI. 
311U65257J, 
JIIJ7652733. 
J815165TroB. 
Jl l61652666. 
38162652!7.1. 
)8 167652757. 
J8 1U6'2512, 
J12.V6S1757, 
Jl22'06'2"'66, 
382.10612721, 
.1U .. 11652JII , 
JIH~6526H 
31125265268.l. 
31266652435. 
3K2i0M2700. 
Jll2U6HJ7J. 
J82 ¥')6HU7, 
JM2176'272S. 
JIL\106'2767. 
JIJu;J6H+I0. 
31.1\7652+12. 
Ji.1,6652.1 18, 
3U~2652.192. 
.1U9-16'257&. 
383866'268,, 
3ll616HU.1, 
Jl.1il6,2JJ8, 
Ji.1 166'2349, 
Ji.15'6527 18, 
_li,i \$6'21U, 
Ji-'~'2-l-H 
JJ.48065235 1, 
JIH26S2 1iS, 
J8SJ}6'2_10S, 
:m606'2llll. 
JUB06'2Jl 3, 
JMSl76'2096. 
3Ul56'2 19.I, 

J~J26!2J77,J¥5336S2.lUS ­
;\f. pr~iuio"'' uxl 1:. n,Ji, . 

Jll.1866!2615• 
M. puiuimw. E. ru,/iJ, JJ. fim,wli.J 11J1d M . r/wplriopl,yfl,t 

JIIOS¥6!n!4.JUI06'2767.J8J?.16S2578,Jl4166HJ~9. 
JIUl!6'2 188.Jl~806S2.1S I.Jlm06!2J IJ -
,\I. pr.-i~•i.mn, B. fi//or,1/i.1. 

38.1 176'2+12. JUJ6G!2l JI - .~.jilfcic1J11ri.J 

J7')1r76'27')6, J798 16'2,f2.Jl0Jll6'2677.J!lll246S229!. 
380:?66'26..11.JlOJ%'2.HJ,JI0n6$261 1.JS0¼6S27J8. 
380466!263!, 3&0U6J272J • .1807S6324D. J80!Xl6!26J3. 
380126'2192. 310816,22.50. )809761247 1. 38 13%!261 1, 
J8 lll6'2'74,JI IJ76S2733,311Sl652708.3116!16'2666, 
J8 16~6'2S7J,m676527'7.JUl:?6S2Sl2.J822j6!2757, 
JH:.'06!2466, Jl2.106S272J . Ji2~~5266J. 3!1252652613. 
JB266652JJ!.J82106S2700.J821~S2J~.J821196SH87, 
3821J'16'272S,::t:426!2J92. JU6 l6S2.12J.JU~ 1M2J l l 
J!l.m6'2711, 3W66!2J+I.J8!JU!2 115. JIU(,06'222&. 
JU176S2096, :mU6j219-I. 39'!%~2128, 3~26S20J I, 
J86116'20')J. ;U206SU87. 38JS9652!00. 3ll33J6S27S2. 
3876J6$2-163 -
Jf. prduinnn 

311')']76$:?088 - RrmhiuJp. 

C<Tllr< for Ew,r,t,:rn ~l:mav:marl ECU. lwnd> luy, 

R111e (m/yen) and m1111,nlludc (m) or decline I lm p1u::ls :usodaled with waler rcp:lmc 
11 nd risk orimp:acl lenl (ROI) ch 11n1te anlVor other dhturh:anc1,.'j. 

Muchuf11M:.H,prei.ui111111dc.:idurdyingi111hc 
ccntn:&cllSlcrnscctiuJl.'i. Dc:idBmr.bi<1c.:inbc 
sccninth<:lowcrscclion. 
• 3791176527%: Wctlandinrri s1inccondition. 
• 3798 16525112: Some Jf. prd u i111w arc in r,.1o r 
condition. 
• ) SOJ0652677: Some de:id &. slicssed H. 
ilicifo/i,, lo the w uth. ~•of£. nr,/i.J , ·c ry 
strcs.'ie\J inlhc\\cslcm!;O:ction . Afr/,rh•11ca.rp. 
s111gs among~thrahhyindividuali inthc:north­
wc.1J, Some: s tn: sscJ E. ntdi.1 &. r,:ccndy dead 
Bmibi,, $p. k 111.fl,IC ~1chcs of dead MyrUccoos 
scrub. 
• 3!!00CJ6S2.5SO: ,\l pre i.uUJ"' ' kt:. rudi.J on 
high<:rg round inc:xcc llc:nl condilion ho11·c\·cr. 
lhosconlowc:rgroorxlarc\'cryslrcsscd 
• J802-165229.5:t.fajori1y of1hc£. rm/i.rappc:ar 
s1rcs..~with numcroustlc:idstcmsintheb:isin. 
• 3!!026652~ 1: Vcgcuuion in cxctl lcn1 
contlil ion. with liOnlC M. prei.JJi11111J 5.'lplings 
present. 
• JS0396S2S2J; Occa_, innal BaM..,iu & M. 
/'reWim11Jslal!S kslrcSliCdindi1·idu:ib 
• 3803)6526 11 :WcllandtmcstrialinJ!.H. 
prduian.,r-,pu1at ionis:1encsccnlbutliving. 
• )8036652738: The occasional dc:id Banbi<1 JP, 
• J80J66526JS:Vcgcblionisincxcdlcnt 
cond.ili0t1. 
• J80Sll652SS-l: Some scallcn:d d.:ad B. t1lf,•1111oJ/u 
&. :,;cne,ccnl ,\ /. prdui,ma. 
• JS0&.365272J :Somc locoJi1.cdp,3tchc:sofdc:id 
.s<: rub &. occasional dc:id or st rcs~d M. pui.uiat1u 
&81J11k.ri<1.rp. 
• )&07&6524)3:Somc:dcadH.,nJr.,i,rJp.&.\f. 
pro!i.uiomr k locoJi1.cd 11.mu of dead MyrUccou_~ 
scrub. 
• J !!0906S26J):Sit;nilican!dcalhsofMy11accous 
shrubs11.nd a gcncrril&:crc3SC in bo!ho\'cr& 
undcrstmcy$pc:ciCJ. 
• J8082652192:Pn:,·iouslin:h.:id11lu~cimfl3CI 
o n ngcblion ho11'c\·cr 11.~ n:grncllllion prugrcs.~ 
\'cgdul ion in gcnclllllyincxccllcnlcondition. 
• JW8&6522SO: Vcgcl:i!ion i11 cxccllcnl 
cot1di1ion. 
• 380976.52-171 : Minor localiscJ dl"IJUJ!,hl stn:~ in 
th<: Kr,n:: .. ., &. M. pr<'i.J.JirJTur. 
•3111J9(,.52681 :L4rgcurcasof dr11d.lf. 
/1T.-iuionaltB. li11arllli.J, 
• )8122652574: .\1.-1,J,•ucu is rill but ,!lOOC . Some 

Rellabl llty orlnfo rm 11.llo n 
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l M80l~9Ll-6lll 
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S!u<li- ofE\\lu"" lh<- Gn, nvu, ind hnJ,lot mound, l'ndcrSc~tion J 6 

Suh-i:roup/ 
GDE 

(J766865259J, 
~75776'2.1\ll, 
375U6,23'6, 
).7j\(l6'25J6) 

\\'atcr rqzlmc rompontnf 

Depth or~nundwalcr (nci::ith·e , ·11hu:) or .rnrface I Duration of Inundation or walerloR11,ln,i: 
w:ittr (posh in ,·a Jue) (m) (monlh.v'yc-.ir) 

M . prdui.m" 

H~·1wJ.:m1 l\'onl, Complu - frul Eu.JI 

L:i.1.e I Vrtt:11tlon 
Mu l.:cnb11m1• No \'CJ!C llllion moni10ring tronSC<: I :i.nd rcgcl.:llion not 
t, ~056~) 196) os.,;c~d 

17d:impla1iJs• 
(3H~21652"64, 
) 1129652..108, 
JIU l651 9S8. 
)¥8986 ~2.l<>R, 
3u616rnm. 
) 89 1)6j2246, 
'1'> 1)6S2012 
.189J%Hn~. 
Jft<JJJ6HO.:0. 
38911652.1)0, 
3897J6HOOi. 
J9U096H386. 
}!Xl086'229B 
~9026652224, 
~!XIJS6522jJ, 
3s-m6n21,. 
J S68!6! 268!) 

2 sumplamls• 
!JU706H7'JO 

Vq:cl1tlo11 
388216H-ltM,388Jl6Sl9811, 38&61652005, 390086523&6, 
3902(,65222-1. 39045(,52254. 390.586.52235 - M. prdt.<i""" 

38898652J68 - .I/. prdui,11111, B , liftoro/i.J 11nd £. nr,/i.J 

31l95!632.l30,3\l0086.522911,38(,85652685,3882%523011. 
31191)6522J6-M.pr•• i1J i,,ru,11ndH./i11omli,. 

3891)6520 12. 38973652008 - M. prt <ul,.mu 11nd JI. 
mrg1u/ifoli11m. 

Vq:t1•llo11 
JR5706.52790 - ,\l.11r_o!i.~1nll. ll. l i11,m,li.,ondl-:. n1.Ji.J. 

Ccnlrefor E.:o1p tcm ;\[.uugancnt EC\ !. Joond.1!ur 

Rale(m/)'c:1.r) and mai:niludc (m) of d~llne I lmp:;icl.l u.wcialed with water regime 
and rbk oflmp:u:t knl (ROI) chani:c and/or olhcr di~lurh:;incn. 

Low 1{01- r.,h: U. lm'ycar: mag11itu&: 0.25m. 
Moderate ROI - ra!e O.I--0.2m 'ycnr. maitniu.ido: 0.25-
0.Sm. 
lli!th !I.Ol - rnlc0.2-0.3m1ycar.maFnih1&:0,S-0.7111 . 

\'q:i:111lo11 
Low ROI - r:ilc 0.lm1yc:ir, m:ig11itudc 0.2.5m. 
Moderate ROI - r11tc D. I-0.2m1yc:ir. magnitude 0.25-
0 .5m. 
lli~h ROI - rnle 0.2-0.3mlycar_,_m:i~ni1odc 0.5-0.7m. 
\'(1:C:11!100 
Lo w ROI- rule 0.lm'l ear. nu1mitn&: 0.2Sm . 
Mrxkr.ilc: ROI - rate 0.l-0.2m'yc llr. magnitude 0.25-
0.5111. 
llip.h ROI - ralc 0.2-0 J m'yc:ir. m11gn irn&: 0.5-0.7111. 

\\clbnd, c,·iLlrnccofrcccnl fire , 
• t,.fojorily M. pri!i.niu11r1 dead / H~- sln:s..~d . 
•l.oc::i.li .,;cddcaJurc:1-<1 inundcrs1 un:-y 
• (J7577(,52591)',Smnll1\cllt111dinccnlrnl 

sn:1innufTid: l'fotco111pk'l:. Unburutinthc 
rc-ccntfin:s. 

• O;c11.~ionol Jc:11 JH,rnk.1ia. 
• ()7593652~6: 37S886525S6): Wetlands lie lo 

lhc \\'CS\ oftl1c m~iu Tid; Flot \\ ctl1111J in u 
/J1.JnluU.r a.nJ MdP/l!11cu woodl:md wilh 11 
rnri11blc und.:n;!orcy con~isl ing of1crrcst rial 111Kl 
<.L:impbnd ,q~cics. 

• Unbumtarcas ingo0Jco11di1ion. 
• Fircs h:i1·cl..illcJ !i0mc11n::1sof shrub13nJ, 

• 388 21652-16-l - Wc1l11nd ir1 good condilion. 
• 311829652308 - .\f. prdJ.J ionu stressed. 
• 3883 16.51988 - Wdl1md lcm:slri:ilising. most 

.H. prduim111 dead. 
• 38898652368 - 50~i, .H. prduianu n ~· 

strcsscdordc:00. 
• 3886-46.5200.5 - Somc:drought .m ess in 

understoo:y. 
• 389136522~6 - S1m1e .H, pr,•iJJi<11w s!1cs.,;cd. 
• 38913652012 - Some dcalh in undc:ntorc:y. 
• 389.51652330 - Vcgcl.l! ion in cxcelknl 

conJilion. 
• 38973652008 - Most M. prtUJiu 11a JcaJ or 

s tressed. 
• ] 90086.52386 - Wc1l11.11d \·cgel31ion in J!ood 

condilion. but1\clbndtcrrcs!ric1fo.inJ! . 
• 39008652298 - Vcp.c:1.:ltion in excellent 

conJition. 
• 3902665222-1 - Some M . pr,•iJJimm st::igs. 
• 3904.565225-1 - Some M. prdJJim,a st:ig~ fl.nd 

s1tcsscd indi\·idL111ls. 
• 390.5S6522JS - Most .If. prd u iu11" dc:id due lo 

dro11ghl 1!rcss. · 
• 386856S268S - 50-! i, JI. pNW imw nry i lfcsscd 

orJcad. 

Rcli:ibillty of tnform:alion 

• Specific si!cconditiorl~ th.1! m:iy inllucncc 
gnrn11dw11h:rJcp,:uJcncc11rcnotconsiikrcd(cg 
slnliJ!raphy). 

• Nopcm1:incnt1·cgct:itionrnonitoring1r::llls« t. 
• Spc,:ificsitcoollditions 1h:itm11yinflucncc 

[1roundw111crdc:pcJ1Jenccnrcnotco11.1idcrcd(cg 
i lraliJ!raphy). 

, Nopcm1anen11·C'@clationmoni1orinl!lr:msc,;;L 
• Spc,:ifil: site conditions lh:il mo)' influence 

ground,1·11lcrdc:pcndcnccorcnotconsidc:rcJ(cg. 
stra1igr.iphy). 

Vq:tl1tk111 
Low ROI. ml~ 0. lm'yc:i r_,___!!1_11_!;ni1udc_0.25111 • ~eg:}:~~~:m;:~n~~~~~ wctl:ind. but I : ~~r:i::::~'J~:~;;;~~o~~~:?~i:::cl. 



Stud, orli\\lh on I.he G,untn"I ~nd l.and.l.111 mt1Ur,d, I 'ndn Sc:,.:1ion ~6 1-1:-:AI. 

Suh-i;troup/ 
GDE 

:<86066'2771) 

] 511m rlnrnJ• 
( lk77l6<~(,~(,] 

l llooJpbin• 
l ~?IOH6!~•221 

I sumplnnJ• 
(~,SS286,26:!..l) 

l"u11.i:<1Complc., 

n ambunl ..111.:c• 
P'>-13~6 ~2210) 

l.111.:eN:imbun[I. • 
P942 lliH l"8) 

]..11l.:c M ung:i l3• 
P!I-IKJM2 11 9) 

Spring~ 0 11 Lot 11 
Archil,old St , 
Muchea 

Sprin11- s i1cs.h 
Jb, Jr. •l.5ps. 
5pJ. 5d. 6,CJ.nd7 

Jandakol 

\Valer n-i,:lmc comµtJncnt 

Dcplh of p;roumhutcr (nc,:;.i lll"c n1lur) or 1urfocc I l>ur:.l ion of Inundation or w:l tcrlui;tJtlnR 
w11rr (podlh·r nlue) (m) • (mon lhs/yt-.,r) 

)80665277 1 • M . 11r,•mim1,1 • .\f. rluq1Mo11J,.1-fft1 nnd H. 
liflornli, 

\'CJ:tl■Uon 
No l"C@e1nli<,n nw11i1uri11@ 1r ,111.;..-.:1 :md \c~c l~lii•u nol 
11sses:.o:J . 

\'q:cl■llun 

Nonpc1:i1ionrnoni1orinp tr :in.s«l llnd, ciict.:11ionnn1 
11v;e-;,;cJ . 

\'q:clallop 
.\f. p1.-iu i,m1< 

\ 'q:c t ■ llon 

.\l ,luq,hioplryll/1. £. ,.,,_//, onJ JI. ,111iml,,1., 
\ 'u1cbr•ln 
Unl.:nown. 

\'q:d•Uon 
.\f. ,1,upJ,ioph_rl/,iandJ:. r111.h• 
\ 'c rtt'l•t• lc1 
Unl.:110,, 11 . 

\'ej:cl ■Unn 

,I/. d1upltioJJlry//,,11nJf.'. ,.,,/i, 
W•lerhlrd1 
Unlmo11 n. 
\ 'crtchnln 
Unl.:1101,n . 

:\l1crola1·cr1 ,·hr■ k1 

l'c ,m:i.nenlly llo,1in11 - 1hc1cfon: sunicienl l~·Jro:;111 tic hcoJ 
1ncnsu1e perennial 1\011 fnm 1 sprin1.1 . Volume of llow nut 
lmo11n - bu1 probably nn1brlle(m:incrof5e1•cr:illitrcsro:r 
sa:ondol .rmn.ximuml 
,i.croh11·cr1cbra1l-i. 
l'cnn:incn1lyl1owins - 1hcrcfon:suflicicnlhyJros1.11iehcad 
hJ cnrnrc p,.:rcnni:il fl ow from sprins . Volume or llow 1101 
l.:no1111 - b111pn1b.-iblynn1 l:i1@c(m:i11crofi;.cnr:1lli1res p:r 
~onJ0111mn.,;:imu.m ). 

:\laer.11m·crh:hr■ k1 

l'ercnnbl llow~. 

M■croln1·cr1cbr■ ln 

Pcro.'nninl !lows. 

Cmln: for i;_., , yJ lem ~bnJganrn\. ECU. Joo nWl~r 

H::itc(m/yc:n) ::ind niaRnltudc (m)ofdecllnr I lmp:u;h auodal l'<i wil h 1,alcr rcizlmc 
and rbk ofl mpiu:I kn:I (ROI) chanRc and/or olhrr di,111rh11nct"ll. 

Modc:rott' ROI - 111k 0. J-0.2nl'~·c:ir. mll@1ii1oJc 0 .2S· 1 • JK60(,M277 1 - Recent fi1Clfl11c1l:mJ. but 
05111. 1t@c11Cr.llio n11prc:1 rs lte::i.llh}', 
lli.!!h ROI - r111c 0l-0 Jrn ',·c:ir. 111J1mitu&:- 0.S-0.7m . 

Vq!;tl•llon 1 • Wctl:iOO i'i on pri ,·:ue rropc11~- :u-.1 l1!1.1 ken 
Low ROI • rote 0 .Jm , ·e3 r. mDir:nilU&: 0.llm. ..enrcly dc:ir:r:i.kd h,· 11r:vintt, 
Modc:r:llc ROI - role 0. I-0.2m'~e:ir, m:i@nituJ.: 0 .25• 
O.Sm. 
lli ph ROI - u\c0l-0.Jm )C:111', m:ittnitu<.lc: QJ.0.7m. 

\'q:c l ■ l lo n 

Loi, ROI- rJ1c0. lm yc.:ir: m:igni1udc 0.2Sm. 
Modc:roL( ROI - ,a1c 0 . l -0.2m'~·e:ir. m:ipnilu&: 0 .2s. 
0 .Sn1. 
lliph ROI - llllc 0.l-0.Jm , ·eor. nu1mituJc 0 .5-0.7m. 

VC1!;Cl•Uon 
Low ROI• r.itc 0.lm '~·e:ar. 11ID£111itu&: 0.2Sm 
Modcr:ilc ROl - r:ilc 0. J.o .2m ·~ur. map.11itu<k 0.2S­
O.Sm. 
lligh ROI - rate Ul-0.Jm~~c:ir, m:i.!!11i1uJc: 0J-0.7m. 
\'CJ:cl ■ tklll 

Low ROl • rJl c O.]m ye:i~ rn.r11n i1u&: U.2fo1. 
Modc r.11eH.Ol - r:i1e0. I -0.2m'yc111.ma111iitudcU.25• 
0.Sm. 
llip.h ROI - 13te 0l-0.Jm ~c!II". m:ipiiluJc UJ-OJm. 

:\l•crulon: r1ch,..ks 
No1 l,:no1, n • a....-;ume lhcrc could be: a sc:i,mul 
r~-J uclion in Jlm\ $ in ~umm(1 '11utu111n from 
1,inte rh pri nl! hi [l.h!i. bul l1 ill 111:iintain pcreunial llow~. 

M•croln1·cr1chra1l-i. 
Nu1l.:no1111- n,s11u1c1hc1ccc111lJbc:i sc:i.'< >r1:1l 
ro:duc1ioninflows in s11111merlou1umnfrnm 
1,in1er ,'i rrin11, hiJh.'1,, but ~li ll m:iin1:ii11 pc1cnuial 1\01\"1, 

• l'cm1:ane111wetl:ind 
• N11no,1rrin8eorliuor.11Hi!Cl31ion. 
• Some butler rcm:iins olll1nu p.h nujority 

, urrounding l:mdi,clcon:JfotmbnJ . 

• Ven · ,,ccJ>· urnk n10,~-..· arnuod bh. 
• E11hcmcr:illDl.:ewi1h11:inm1·s1ripof lit1or:il 

lCJ!.el:itio11101hc !iOU\11:i11Jcn.\l !,C~J3tin1,1.h~ 
11etl:indrrum fannl:111d . 

• Somcn:mn.:iru,·c[l.eL:i1iuno.:cuntothcnurth· 
\\C ~1. 

• Wei.land complclcl)' MrrnmmkJ by rri1·01e 
pror-:11y. O1111Cnn:fuscd11cccs~ 

• WeLlonJ::r.rr,c:.:us lubc:J ry . 
• TreCS3pp::irtubc:in80uJhcahh. 

Ht'llahlll1y orlnforma1ion 

l!ll1Ul1d11:itcrdcp:ndcncc11rcn01consi&: ro:d(cg. 
~11:11i~r:i rhy). 

• No r,.:rmmcru Yrl!C lu tion mo nitori ng transc:cl . 
• Srccilic ~ile co11J itin 11~ 1ha1 m:iy iunucnce 

@ruunJ11:ilc1&.:r,.:11Jcncco1cnoL consilkrcJ(q1. 
rn:i1 i1,r.1 rhrJ . 

• N,1 r,.:m1ancn1 \ 'Cl!elinion monitorinit 1ronscc1. 
• Spn:iCic ~ 1c e()nJition, tluL ma)' inn ucnce 

J,1m1inJ1ute1.kr,.:nJence111cnotconsiJc: reJteJ . 
su atiJ,1 r:i phy) 

• Nor,:rn1:i11ent,·t:1!et.:1tionmoni1orin@tr:in!.«I. 
• Spn:ifa ~te coOOilio,i~ 1h31 m:iy innuc:ncc 

e-roundll"ntt:1dcr11::nJenci::ircno1consid.: rcxl(cl! , 
~IJDli@r:i phyJ . 

, No r,:m1:ine1111·cJ!.clatio11 mmii1ori n1, lr:im«I, 
• Sr«ific~leto11di1io1nlh:11m.:1y inllucnce 

f.1>1und1,a1erdcr,:nJence11TCTl<ll eon~idc1cd (cF. 
,1r:itiJ!.r.i11hy ). 

• No p:rm:incnl Hj!Clalion ntonitorinl! tr:in s,:c1. 

, Spc-citicsitccooJitionsth:itm:iyinnucnce 
[1.tound1,Dtcrdcr,:ndcncenrc notconsidcrcxl(e@ 
ll lr3Li l!r:JPh}'). 

• Nop:mionc1111·egcl.rtionmonilori11gtrans«I. 
Spccific!iitecmiJitions Llulm:iy innuencc 
11-ruunJ11 :i1c1Jc1--.:nJe11te 111c notconsiJc:rcJte1,1 . 
~tr31i@taphy). 
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S1u.ly ofl(\\1I.., on lhc Gn~ngm ,nJ Jllld.l.o l moonJ, l 'ndcrSc~lion J6. l'ISAI, 

Sub-1troup / 
GDE 

lfrnl.1m,m Complc.,· 

Thomson~l..o.kc 
(;89J26+1n7) 

Nonhl..akc 
PBB9J6J,o2Jl 

\\'alcr rc-aimt rompon ..-nl 

Depth ofitrouodw:atcr (ncp::.itlve n1lue) or ~ur face I Dur:r.Ho n orlnuodalion or wah:rloiz.p:inl( 
waler (poJilin: nlu'-") (m) (mon1h~)'r:ar) 

\lt'jtd ■ lk>n - 5 yc::i r mc:m and 11bsolu1c water lkp1h r.mges. 
.\!. r/111pliioph_1H,1 - mr:in 0.006 to -2. J-lm. nbsnlulc I .OJ to. 
4 .4'.hn. 
E. rm/i1 - mcnn -0.7 lu .).26m. 11bsolu tc I .OJ tu -6.-1-lm. 
11. urtin,l,!1<1 - mc:.111 0.28 lo -1 .22111. gb,;o]uh: (l.1:11 tll -2..59111. 
\\'•krhlrd~ 
D.:clining. rc:ik w.11cr knl~ lllld l.11.: c: dryi1111 uu t in c:i rly 
summer h.:iJ coinciOCJ with much hmer w11lcrbinl 1111mb.:r.~ 
th:in prniou~y n:wrJcd. llil!h k,·cb m11y b,: rcq11ir,:J ht 
pn:n111 sprc:1Lluf,•c,gc1:11iunin1oupcn1,·:11cr. 
Vertcbt-110 
l'mg.s n:quirr exknsi\"c JlooJing of frinp.ing , ·cgctation. 
:\laerolRHrtrilratn 
The .l.:oo\\n Sf'"lli.:il ind tcmror:il h11bi1:11 hdc~n1ei1y \\ill b.: 
m:1inla.incd ~ -ensuring the followini mix of,·(11d:ltion 
a:..-.cmbl:1ga r,:nis1: 
Submcrgcn1-n:quir.,s inun.:fa1ion:1crorJing 1osp:cific:1tio1U 
nf dnmin:inl bu. 
F.n1ergcn1-rc.:il.a1csinund:11ionacconling 10sr,:cifications of 
dnmin.111tUXll. 
Li ttoral - miuin:s inund.l1ion :iccorJini: IO sp:cific111ioos o f 
domin.111tbxa. 
\\'1trrq111lllyf~lmrDI pt"OCa,K, 

Srdimcnll mu!o'I n:m:i in s.:i1ur.11cd 'mois1 throughout the 
summer rach~car. The watcrt:iblc thcrc"forc must no l Jmp 
below the Mr:itiJ! r:l~ic l,;n[IL,yrr carablc of pr11\"iJing w11!cr 
to surfxc n~:inics thruu~h c11pi l1 a.ry ri :r;c Ll urinp. 51111)11_1~~ 
Vc,i:tbllon-S yc:irmc.,nandabsolutc11·atcrdeplhlllll~Cs . 
M. rhaphiophy/fa - nm111 U.006 tu -2.1-l m. Dbsolutc 1.03 lo -
4.49m. 
,\ f.pr,•ilJUr,w - mcan -0.S--1 1n-2,62 1n: absolu1t 1.0) l0• 
S.0-lm. 
R. li110,u/u - mc:in -0.39 to• l .92m. 11 bso l11le 0.4) In -3.09m 
f:. ru,li, - mc.,n-0.71o -J.26m.11b!i0lulcl .0J 10-6.4-lm. 
, l. fu.~lc-ul/JJ1.J - me:u1-0.3Sto-2.26m, absolulel .03 10-
4_6m. 
B. or tia,fa,., - n1e:u1 0.2K lo -1 .22m. absolute 0.KI lo •2.59m. 
\\'1lcrblrd1 
lligh11inlcr'sfnn1:1p: 11hanJ relentio11ofdttpw:ircr in 
summer'111tumn!ordcc[>'Wlllersp:cics. 
W1krq111llly/~lmcnl prou.,.cs 
ScdimmL~ must n:m:iin s;i1un11cJ 'mois1 throus houl the 
sun1mfl rach ~·c-:ir. The w11tu 111b]e therdo1c must oot Jrop 
bdow the s1r:ibgr.ip!ic ln·cl ll:iy~r urcibk of p-o,·idins w:iter 

\'c,i:c111Klo - S year mc:in 1111d 11bsol111c m:iximu.m p:riod 
ofir1mkl:1!ion{mo11ths1ye:u). 
.I/. ,1,,,,,l,iophJ/1<1 - me11 11 2.I S. 11 bsolu1c 9.4 (months'~car) 
1;_ ,,,,/i., - mc:1nl.SS,11b!i0lutcl2(m onths'yc:1r). 
JJ. 11 , 1iai/111,, - n1c:1n3.2f, ,11bsolult 12(monlhs1ye11r). 
\\'1tnhlrd1 
l'ersis1encc of waler into bte summer on.I :1111 11 mn 
imr,orL1n1 formiJ!rJt nrysp«ie.s. 
\ 'trlebralcs 
Frol!,.1 rcq11 i1e al le:ist-1 mon!hs. Long•n~.1.:eJ T11rtoi~1 ore 
~!ienl ma~· require r,rwds of9 mnn1h1 ur more. 

\'q:ctal loo. S ye:ir me11n ,md absolu1e ma.,.,im11m p:riod 
uf inunJ:it ion(month.,;lyur). 
M. ,Jwphir,phy/1" - mean 2.I S. 11bsolu1e 9.4 (monlhsl~·ear) 
1:. , wlu - mc11nl .SS,ab~ lute 12 (monlhs'year). 
.H. l"•'IU;,,,,,,, _ me:m 0,6, :1 b!io l111c 4.-1 {monli1 ~'yc11 r). 
ll. /i11r,,u/i.,-mca110.J.:1bsol111e2.B(monli1s'yc:1r). 
A . fiucic1Ju, L1 - mc:in 0.66. 11bi.olulc 2.6 (n\Onlh~lyc:ir) 
B. urlin,fa/11 - mean 3.26. 11 bsol111c 12 (monlh.~')·e:ir). 
\\'1trrblrd1 
Penn:inenl. 

R:ate(m/)·~ r) :and ma1tnlludc(m)ofdttlinc I lmpuls :auod:at«I with w:i tu rc,time 
11 nd rbk o f Impact lcn·I (ROI) ch11np:e 1ndfo t o thrr dbturbanr~. 

Vq:c-t1tlon 
IAl w ROI - r.llc 0. lmlyear, 111:ll!llitmk 0.2Sm. 
Mo&:r:itc ROI - m1c 0.J-0.2mlyenr, magnitude 0.2S· 
0.Sm. 
lli ~h ROI - rote 0.2-0.3m1yc:i r. ma11 ni luJc 0.S•0.7m 

\'cgellllOD 
U,,1· ROI - ro.1c 0. ln1'year, m3g_ni111dc 0.2Sm. 
Mo<krJI<' ROI - r-11c 0. l-0.2m1year. m:is nitudc 0,25• 
0.Sm. 
Iii sh ROI - r:i!e 0.2-0.3m1)e:ll', m:ig.ni tud,; 0.S•0.7111 . 

• J\)t)ll\"OlerqU!llity (S:1]i1ic,e11!mphie11nJhi1!,h 
pl!) . 

• lkcliricsin henhhof :;c,mc 1113!11rcf:. r1uhr. 
• fkcli uc inJen.~ityoffl. 11r/ic-1Ju1u sincc ] ')<)6 ~ 

pflllific !io:1p li11g J!ru1, 1li ucur lah fl) SS ibly due lo 
lo1,cr wnlct le\"d1. 

• lncm1scJ weed irwasiun Jue In bcl.. llf 
inundation. 

• Value~ in ll uencc,J b•• GW ahsir:ic lioo t.: w:iter 
qu:ility issuc ,\ ns.-.ocfarcJwi 1h i11Crc:isi11g 111ban 
dc,·clupment 

• Encro:ichme111ofn:t!i,·e,·cgcLi1lonintobasin 
(1,hcrepm·iously in1111J.:i1cJ) . 

• Dccli11e in condition tt. health ofn1~1u rc £ . ru,/ii 
:1rou11J basin in rnponsc 1o wo1erle,·eldccline 
l:.in.-;..~11111:ick 

• E:1.olie thrc11tc,ning lo b.:w mc Jumin:int in some 

_____ lo !>tuf:i,,::co111:aniud11011ehuril1111Y riscdurim1 surnmc1. 
lb ns:mul' S11.·arnp I Vq:c11tloo. S yc-:11 mc-:i. n anJ 11bsolulc water tk:p.h ranges. Vc,i:d■Uon - S year mean :ind absolu te maximum pcrinJ I \'q:clltloo 
~~6.UOSI\_ .\l. prrm ou1111-mcan :0.S-1 to-2.62m: 11bi.olu tc I.OJ 10 - ofimmd:1tiOT1(months'~e:ir l . Low ROI - r.iti, 0. l ml~·c-ar. ma~niludc0.2Sm. 

• D,y inf! lcaJ to ene10:ichmenl ofTyphu. 
• 9'l_lu_n1I eu.~Jiiicati~n h.:is occunc-J. 

Cmuc for Eoo1 yucrn M"'l!<mml ECU. loond.o lup 

Rt'li:ahllil)' of lnfurm11tlon 

• Wcdand sp, .. -cics Jeplhr:angc.~b.1.-.cJon 
cxtrar,oloti n11 ofsu1f1M;c-a rkll!tollnJwa1erk,cls 
acr11:l5 lhclc11J!lhnfth<.: mo11i1ori11p: l13nsc...:t.~ 
r:i!hcr 1h:inK1t1:1lmc11-~me<l&p1h5 tn 
1.1ru1111J,1DICr. 

• Sp,....:itic.sitccundi1inns th.1 lmoy inlhic11Cc 
l!ruunJwa1crJcpc1klcncc nre nut co11~i&:r,:J\cl!. 
slrnt igr.iphy) 

• Wellnnd sf)(dudep lhr:ingn ba,;c:don 
cx1r11fl(ll•tionof surfoccnodgroundw:iterlcvel.'i 
aeruss thc le11g1h of1hcmoni lnring 11ans...~ ts 
n11hcrlhlll1Kllllllme11.\ urcddcplhslo 
l!n>undwater. 

• Spccili~ .silc conJitions 1h.1t m~y intlue1ice 
gruunL11,·"tertk:p:ndeucc111enotconsi& rcd(eg. 
su-~liJ!.r..phy). 

• Wetl:111d species Jcr1h 1:ingcs b.1.'iCJ on 
e;-,.1,apolationof surfocc::1nJ11roundw1terlc,·eh 



S1ud) ofl,\\lt, ""thcGn,nr •n ,n<I J.mJ~L<>l m...,nJ, l 'nJn Sc.:1i.,n ~6 HSAI. 

Sub-i,:roup / 
r.m: 

llibr.l l ..al.c 
(.~B')U6+1U9) 

Yon@-ebupL11le 
P !l'J6%J.l!-09l 

W:ih· r n-,:imc romponcnl 

lkplh o f J;tround1':ilcr (nc1,t:1th·c ,·:.luc) o r surface I Dur:ilion ofinund:ition or watcrlo1,ti,:inll 
w:1 tcr (1>0.1Hh"c nluc) (m) (monlh~y~r) 

5.0-lm. , F.. ,,11/i1 - mca11 I.H.11b,;oh1te l.? (mnn1h,yc:11) 
D. litwruli, - me:111 -0.J\I lo •l.'J2m. :ib:,olutc 0.-1) lo -.lO'Jm. M. '"'"'"""'" " mean 0.6. :ib:,olutc -1 .-1 (n1unt/1~,·e:ir). 
1-:. r111li, - mean -0.7 lo -).2(,m. obsiilutc J.UJ lu -(,.-1-tm. H. lillorul~ • mc:in O.J. ahsn lule 2 .M (111011\hs , ·c:ir). 
,1./mrlru/r,ris - me.in -OJS 10 -2.26111. obsnlulc 1.0.l !u • A. fiuc1c,d<1rit - mc:111 O.M. ob..olulc 2.(1 t111u1;1hs')c:ir) 
-1 .(,m . II . 1lfli<"ulu1<1 - rn c::inJ.26.:ihsolu \c 12(n1<1111 h~'i ·c:irl 
/l , urlfru/<1/11 - mean 0.2M 10 - 1..22111. obs1\l11le 0.11 I lo •2.59rn. T1:rn.,drl1J , ·crkhralu 
THre1 lrl1l,·1....-1chnlu 
ltcl:11ion..h i11 b.:11,ccn pou11;,h1:ilcr, uplanJ \CFtl~ li llH 111kt 
lcnc~tria l fau11.:1 ma~· be imp.:,1t:u1t. 
Wiler qu1llty/lnllmrnl procow:, 
Sediment> mu~l rcn1.1in l':I\Ur:ilc:J moi,1 1hmu11hou1 lhc 
~ummer 1:a..-h yi:ar. The 11alcr 1:iblc d,crcfo1c 111os1 not drop 
bdo" lhc ~1r.1 1i1,raphic IC\ d b )c1 ca1llbk .,( I""' idiug ,1a1.:, 
lo !iurfx1:0111:mic1 lhruuRhc:upilt.11'· ri"" durinQ s ummer. 
\"qic11Uo n -- l yc:i r mc:a~ and obsoh1~pth r:111i:c1 . 
.H.rh,q,hioph_rlla - mean0.0061n -2. l-t m.:ib,;olu1cl .O.l1<1-
-l.,i9m . 
M. 1m·n11u1111 - mc:in-O.S-11n-l.6lm; 11b,,.,Ju1c\.U.l 1u­
S.().Jrn . 
/l. urlirn/,11<1 - me:u,0.2810-1.2:?rn. 11b:,.(,]u1c0.HI 10-2.59111 . 
W1terl1lrdi./¥11dcn 
lliFh"io1crls f'"np.p:ah 111iJrclcn1iuooftkerw:i1crin 
:iwnmcr':iulunm fo1 d«JH\11lcr :s p,:cics. 
\\'1kr qu11Uy/,c-dlmcnl proccun 
Scdimentf mu~ rc:m.1in s:i1ur.11cd mms1 lhmuFho ut I.he 
, wnmcr i:ach rea r. The 11111er t:iblc t/1crcforc musl not drop 
bclo"" lhc: ~lr.iti p.raphic ll"\·d •byer c:1roblc or prm idin!,t ,1a1.:r 
lc"t !imfxc Oll!IU!ics Umrnah carillu.r,· ris.: Jurin~ s ummer. 
\'t,:cl1!1on 
No,cgc1111ion moni1ori11111t:ir1-.c:c1nud,·c1-1cla1iun n<)1 
IIS--.CSS.:J. 
W1krhlrdt 
lli Jhwin1er'5pringp:11b1111Jrclcnlionof,k,:p11akrin 
sumn1cr:aulun111fo r dccr-11·a1ers~cie,;. 
~l ■cruln1·cr1chn1n 

TI1el:no\\11spal iala1id1emp,.,ral habil:ith,;ter1•genei1y11 ill l~ 
n111inllliricd by emurin!! lhc fol1,m inp: mix o f 1·c11c:1a1ion 
a~sc:mhlagcs rcr..i st 
Submer@.cn1 - rc11uirn i11un1btion acenrJin11 ' " srceiftcalinn-; 
ordominant 1axa. 
F.n1tr!!C1U - requires inund:i1ion accn rJing tu s i-;cifir..itiuns nr 
1fomioan1tasa. 
l.illnr:il - n:quin:sinund.11innoccnrJi11g1ns~cifica1inn.'i i1r 
,fomin:11111:ixa. 
W1tcrqo1IIIJ/1cdlmcolproca.w:i. 
ScJimcnts musl n:main !l.lLoralcJ ·n1oi-l Lh roughou11hc 
summer 1::ich ycmr. The: ,1aler l:iblc t/1crcfo1e mus111111 drop 
bclm1thcstrati@-raphiclcnlla}crc:11"1bkorr«widi11!!ll":l!er 
l~! U1fxe or~anie~ thruu!!h ~llru:,· ri~ durin!l summc:1. 

Unl:1101111. 

\ 'q:c ltlloo. j ~-c:ir mean and ub,,olulc m:iximum pcri,-J 
orirmnJa1ion(mon1hs '~car) . 
;II. rlw11hioplr_rl/<1 - mc:rn 2.15. 111,,,o]u\e 9 .-1 (months ~·earl . 
. 11. , ,,,•,uiwr<1- mc:in0.6. ob),O lu1e-l.-ltmnnths'yca1l. 
JJ. urlinduru - mc:u1 J .26. 11b,,nlu1c 12 (111u111hs1~·car) 
W11cr1Hrdi./Yi 1dcn 
l'cmmncnt 

W111:rhlnh 
l'cmmncnl. 
W1ter 11u.lUy/"'dhnl•nt proc:cuct 
ScJin1ent• lubc:pcnnanen llys.,1ura1ed 'nwh1 

Crn\rc for 1:'-"'J•Lem ~lxu~anrnl ECll. Jo,m.l,lur 

H:llc (m/)"l'ar) and m:111,niludc (m) o f d«linc I lmp:icts :iuochllcd with ,1:11cr rc11,imc 
:i nd r bkofl m p:i cl lcn•I (HOI) ..-h:inJ;tc :ind/or olhcr dilturh:incl~. 

Modcr:ik KOi - rntc IU-0.2m'rcar. lll:l!!nillllk 0.2S· 
O.Sm 
lligh ltOI - rate 0.2-0.Jm 'yc:ir. n1ap:ni 1uJc 0.S-0.7m. 

\'c-tcl1lloD 
Lo\\" ROI - r.llc 0 .1 m'yc:ir: map:nituJc 0.2Sm. 
ModcrJlc RO I - rote 0.1-0.2111 yc:ir. m:iei-nitu&:: 0 .25-
0.Sm. 
I li!!h KOi - r:11c 0l-0 . .1 111 'yc:ir. nmgnitu tk 0.S-0.7m. 

• E)(ntinurc thrc::iknins 10 become Jomin:1111 in 
l>Ol11CUl"e3. 

• lktlinc:i1111c tlanJ1rccconJi1iou ducto"a1er 
lc1clJ« line ~ins.:c1011ocl. . 

• Cullur;ilcu1rophic111innlu,nccurreJ. 
• Rcduc:lioninmacroin1crtcbr01cHpn:ie! 

richness since moni lllringbcg3u 

Hcllahllityofinformallon 

x ros11hc k11@- lhof1hcmoni1oring\tan-.«1$ 
r:i1hcrlh.in11eo~1l mca.,urcddcplhjl<l 
pmu11Jw111cr. 

• Sp,..-..:ilicsilctoriJitiunsth:ilm:i,· inllucncc 
!!l\lUlld\\ :i l,r i.k~11o.kncc me nnl con~idns-J (cg. 
11r11 li g111phy). 

• WcU:inJ , f'C'(:ic s dcpthr.111~1:Sb:isc:Jon 
c:-.1rarofotioo ofsurfacc:indgruundw:iterlc\Cl i 
ac ross 1hcknp1huf1hemoniwringtr:111-,.c,;h 
rnthcr tl!:in OC1l.l.'.I I rnea.\urcll i.kplh~ lo 
@.ro u11Jwa1,r. 

• Spn:ilicsi 1cconditi0ns 1h.L\ma)· inn uc:ncc 
pruund1111krdcr-.!ndcncc:irc: not..-onsidcrcJ(e@-. 
s1ra1i11r.i ph~·). 
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Stu.Jy 1>f E\\'R.t on Lhc Gn1nru• 1nJ landalol muunJ, l"nJcr Sc~liDn ~6. 

Sub-1troup/ 
GDE 

\\'alrr rqtimr romponrnl 

n~AI. 

Deplh or iuound\\·;11~ (nc-i;tath·r ,·alur) or surface I Duration orinundarion or " ·atcrlo1t1tln1t 
watrr (posiliH· nlur) (m) (monthllyru) 

Kogt1l11pL11l:c 
011')¥')64-i~n) 

Littk Rush 1.ZU.:c• 
{Jl906GS!6S7l 

To lldJrts.'S l'ASS 11nacrobir scJimcntl nceJ 10 n:m:tin 
s:iturat.:dilurin~ Ja1,, _~ummcr 11ndcruly11u11J1m1. 
Vr,,:tl1ilo11- S yc:ir nmm and 11bo.du1c wacn ikpch 1angc~. 
,I f. prduwna - mun -0.5-1 lu -2.62m: absolu!~ 1.03 lo• 
5.04m. 
E. nuliJ - mc:m -0.7 lo -J.26m, abli0.1lu1c 1.0J tn .(,.4-'m 
\\'alnhlrd• 
lli11.hwinter'springp,::1ks;mdcx1cnsi1·c:Ji:1Jl011 s in 
summcr •~u!umn. 
'.\l1rrol11nr1fhnln 
The b 10wn Sl"llial 1100 trmpurul h:ibil111 hi:terogc:nc:ily 11ill be 
m:1inl..l.incJbycns11rin!!lhcfoltowing mil(nf1·cgcl11li1n1 
11s.-.cmbbgnr:Dist; 
Submc"cnl - n:quircsinuri.btion11ccorJi11gtosro;c:ifications 
ofdomin:intl.:lx:i. 
EmcrBcnl - requires inunda1ion 11cc0Ning 10 Jp,ccific:itions of 
dominant~l(ll. 
l.i 1tor:il-n:quil\'sinw11b1ion11ccorJing t11 sro;cifications uf 
dominan11.:1x:1 . 
\\'•lcr qiallty/i.cdlmu1I pron:ua 
Srdimcnts mulil n:main s.11ur.11cd 'moist 1hroughou1 lhc 
summer ach)c:ir. Thr: ""Dier lablc lhen:fore musl nol Jror 
~ low lhc ~•ntigraJ>liic ln·cl lbycr cnp;1ble of J'fO'"iding "'lllcr 
to .\urf:io:c org:111iu throuih earill :uy ri !o: Juring summer. 
To llddn:s,; PASS an11crobic liCdimcnls ncc-d Ill n:m:iin 
s:nunkd Juring late 111mmcr 11nd earl~· _l) __ \!!!tmn. 

Sr,."C13Clcs Nonh• I \'ci;:c111loo 
(39ullliJH8S) Aslhcrci!iool11·cgct:11ionmoniLOrin111runscc111Src:c1ack s 

Nor1honJthcwc!lonJh:ldnol b.:cnos~sscJ11t thc 1imc nf 
writing. no comnu:nl c.1n be maJc 011 ll'~tcr rc.1uin:mentsof 
we1l:i.ndsr,.-cir s. 
\\'•lcrhlrd1 
llrccdin11-bywa1c,birdsaITL"Ctcdby il,IOJin11uruund 
,\l,·/.,/~1m1. 
\'crlcbuln 
Ncc.b lo be pcmw,cntly inumbtcd fo r li !ih - critic.i i 
minimumllucsholddcp1hforsun·i1·:iloo1l.:nown 
Tl'rrNlrt■lnrlrhr■ h,. 

Rcla1ion~ipbi:111cen11-roun,hlaler.url:1nJ1·cl!Ct:11iunnuJ 
lcncsrrfal fauna may be imf")rwll. 
Sc-dimmrW·•ru quality 
Org3nic IC"di mcnl:i musl remain ...iluralcJ tluoughoul Iii,: 
swnmcr each year. Thr: waler lablc mu.\l tl1c1cfon: nol drop 
below lhc stntiir:iJ>liic lcnllbycr taroblc of prm·iding "~ter 
10 surfiw.:i: o~:inics llnou!h caf(\13~· ri!CJ!..urin_!!. !\!!!!!!le:!__. 

\'ci;:ct•lkin - 5 yc:1rmc.1n and nb!.o lu!c mal(inrnm p:rii\11 
ofi n111xbtion(monlh.,1ve.1r). 
E. rm/it - me.111 1.55. :i."bsolulc IZ (moulhs '~c.1r). 
M. pr,•Luimw- mean OJi. obl;olulc ~A (mo11lh., 'ycar) 
W•lcrhlrd1 
W111cr shou]dpcrsis1inrne:ulynu1unrn. 
W•lcr qu■llty/J.«ilmcol procl3.KI 
ScJimenL~ to~ p.:rm:1ncn1ly s.11ur.11cd moist 

\'~d■ Uun 

Unl.:1101111 
\'i:rlchr■ln 

l'mnancn1Jy inu111.btcJ for foh. Nonh Sp,..--c t11Cli:~h 
cu rrc11Lly p,:rm1111C11t, So11!h Sp.--clllclc, is :.c11.-.onul aml 
water lollould p,:nist iu!o ~ummcr. 

£.m.slS\\llmr• 
Oa?966.U9!UI ~;;:;;;~:on monitorin_!!. tr:i nl.C'Ct 11r1d ~-t:!;Ct:iliUf1 nQI I ~~~=11~~~ 1 

, ·n-Jcbnla 

Ca,~ for E.;,,, p lrffl ~b n,ra11cn~ ECU. loond.a!"P " 

Ratc(m/yrar) ::ind ma1tnitudr (m)o rdedlnr I Impacts anocl:ilcd with watrr r<'Wmc 
1md rhk orlm11:il'I kwl (ROI) chan1tc anrt/or other dbturbancL~. 

\'1:j!Cllllun 
Low ROI- rntc O.lm 'year. magnitude 0.25m. 
MCH:kr:uc ROI - mlc O.l-0.2ml~·car. maJ1.nituJ1., 0.25-
0.5111. 
ll igh ROI - ru!c 0.2-0.Jmlycar. 11J(lgnit11lk 0.5-0.7111. 

\'q:_ct1llo1:1 
I.ow ROI - r.:i!c 0.1 m1yc.ir; magniiuJc 0.25m. 
Modcr:uc ROI - rnk O.I-0.2m1ycur. m:igniludc 0.25-
0.5111. 
lli11h H.Ol - r.:ile 0.2-0.Jm'ycu, ma~nitudc 0.5-0.7m. 
\'crlcbntei 
Ralc ofd.cdinc 1101 l:oown - lid! are mobile and c:111 
proboblywith,t1u1idrell.'IOrnlblrr:1pidn:ilur.:ildc-clincs, 
particularly in b:i.~ins\1itl1c1·cn b:i1hymctry. 

• Culturalculrophicationhasocc11ncd. 
• Loss offringing\'CJ1.CUllion,focto11111cr· 

loBg in11- . 
• lkcli1io: in/;'. rudi.J hca!1h si1icc 1998. 
• l11creu."l!dwcc:Ji111·11sionhnwc1·c:r,wcedincss 

,\lill luw. 

Rrllabilil)·oflnformat k>n 

• Wclb.00 )rc:c iu depth ruugu Nsed on 
cx1rnpol111iunufsu1faceo11Jgrou11.:lwa1crlc:1·ch 
acmss lhclcnglhnftlio:monitoringtrunsc,; t.1 
ralherlhm,octll3l mcusurcdJcp4hsh) 
gruunJwulcr. 

• Spccilicsitcco11Jitionslh.:ilmayi110uc1i,;c 
8"1UnJ11alcrdcp,:1iJcnce11rcnol a, 11siJc1cJ(ci,? 
)ll~lift rJphy) 



S111Ji or l\\l,lu m the c.,u11pu 1.1.d lmJ, l o1 ....,..nJ, I 'nJa Sc~li<>n ..II,. 

Suh-11,roup/ 
GDE 

\\'a ler n'jlime component 

A:-:At. 

Depth of 1troundw:iter (ne11,:11in· , ·:ilue) o r ~urfaee I Du ration oflnund:it ion u r wa1erloiu,:ln11, 
"lll"r (po~llin:· , ·alue) ( m) (monthil)·c-.ir ) 

1101.:l{J" 
(~l!H926JJ%7) 

3,;.,;csloed. 
Tcrn-,trt■ J n rlcbnla 
}kla1iomJ1ip b.:111ccn 11roun,h1oter, uplonJ ICJZctot inn an.I 
lmcslrial foun:i m:i~· b,: i~f'l_~!l\. 
, ·,1:ct ■ llon 

No 1·cgc101im1 moniwri11g tra11 so.-..:1 :md 1c-11-c1a1ion UCJI 
us_S('_,-<J. 

/l,UJ,•1s,J.•,,,, C~111riJ ~ S-0111/1 Complex 

Shi1lc~· Oalfa I \ 'q:cl ■ llou • 5 ~·car 111ca11 anJ 11bsolu1c 11atc1 &:p1h ran~cs . 
S,1wnr .11.,,,,·,ui.111" - mean •tl.~ tu •2.C.21n; ol"<>lutc I.OJ lo-
( .l<J.1 1% JJ21•.;I 5.0-1111 . 

T11inlJ:,nr11m 
P917~6-1-UI II) 

llccnyupRJ 
S11amf' 
(n.lGIG.&.llfJ7) 

.\I. rh,'J1l,io1,h.rllt1 - me:m 0.00(, lo •2.1..lm. obsolu1.: I.OJ In -

-U'hn. 
. ·l./mdrn/<1ril - mean -0.JS tu -2.26m. ahsolu1c I .OJ to. 
4.6m. 
11. ""J.:UJ/ifo/ium - me311-0. I(, 111 -J .SJm. 11b,,olulc -0.1 6 1u • 
J .Bm . 
Tcrn10lrlal,·ntc:bnt1:1 
kclalionshi1• bi:11\,..en @rnu 1w.l w11 lcr, upland 1q:cla1ion and 
knntrfal fou11:1. ma,· t-: in,port1111t. 
~hrrolD•·crtchnk, 
TI,c l.110>1n ~rotial and t.:mroral lubi1:i1 /lc1ero1_1cncity ,.;n bi: 
m11int:i.incJ b~· cnsurin11 lhc follimin@ mi :-1 of , ·c1_1cu1ion 
asscmbl:ign rcr.;ist 
En1e1gcm - requires inund:11io11 :1cconJi11g 10 sp,:cificuions of 
domin11111t:i-.:1 
l.inor11l - n:quin,s inund:11ionaccordin11tosr,:cific111ionsnf 
Jumin:uutaxa. 
\\'■ Irr qu■ llty/Kdlmrol ptotL""\U'I 
Sediment~ nurn n:main s:i lur.il«l1moisl lhrou1_1ho u1 tl1c 
1·ummcr uch ye:11. Th.: 1101cr lab lc 1hco:for,.. mu.11 1101 Jrop 
~ low the s1r:ilig raphic ]c, cl laye r curnbk nf prc.widin1_1 w111cr 
l<1 ~uif:icc OIJ!anin thrnu_!!h Cllf'ill11~· riloe Jurin~ ~ummcr . 
\ 'C1?,tl ■ l lo11. 5 ~·car mc:11111iJ ab-.olule 11·a1cr Jcp1h ranges. 
. \I. ,/,.,pl,iopl,.rl/<1 - mean0.00(, lo •l .14m. al,,,.,1111.: I.OJ t., -
4...19111 . 
B. /i11ornli.J - mc::u1 -0.J'J to • I .9:!m, 3l,,,0Ju1.: 0.4) lo -J .09111. 

W■tcrblrd1 

fligh11inter srrinJ111111c1le1cls fothfrcJinl! . 
\\" ■ lt r quallty/m:llmcol proc:cu4.";t 
ScJimen\.'l must n,m~in s.'1\ Ur:it.:d mni s1 thruuizhoul the 
~ummcr each year. The 11:ilcr table tl1cn:forc 11111~1 1101 dn,p 
l.:luwtl1cs1r.1til! rapl,iclc1"C1 1forrrc:if(lhlcorrio1·iJ inJZ11:11c1 
102~11facc organics \lmiu_!!h_c?r_i!!_ory n~ durin!! summer . 
\'C1?,c l1lkm - S year mean anJ Jhsolulc w11t~r &:r,th r:u1J!c-S . 
;lf. l"•·iuurnu - mean -0.~ lo -2.(,2m: 1b,,olu1e I.OJ tn. 
s.o..am. 

Cmlrc for Eco,plcm .\lan•£cmcnl ECU. JoonWl up 

\'~c1,llo11 • j ~-ca, mean :md absolute m11.~imum p,:f1N 
<)fi nu1iJa1i.,11(11wn1h~~car) . 
.H 11rd1.1imm- 111.:11.n OA 11h,.::,lu1c 4...1 (mu111hs ~ u ,J 
,\ l rlw11l,iophJ/lo - me-an 2.15. ab-.olutc'J...I tnl(\111h, ~-earl 
A. fiuricullfti• - mean 0.66. 11b,,0l111<: 2.(, Jmonths 'year). 
II. ans:u,rifolium - mc:111 0.1. :ib,,olulc U.(, (months ~-c:u} 
Tcrm lrl1l,·rrtcbr1tc, 
U11k11u11 11. 

\'c:1?.c l ■ llon • 5 year mean and :ibi.olu1c nl4-"<im111n r,criod 
ufi111111Ja1iontmonlhs1car) . 
.\ f. ,lw1,loioph_rl/11 - mC::.n 2.15, 11.bsolulc 'J.4 (monlh \ 'yca r) 
IJ. /1110,ulu - n1can 0 . .\. alN,lulc 2.K (munlhs, car) 
W■ tcthlrd• 

l'c1sis1cnce of ~· ti:i llo"si111nsummc1 of1ciluc. 

\ 'q:ct tllon • 5 J car mean and 11~,llllc nrnx i,1111m p;rinJ 
ofinunJa ti nn(monlhs ~.::uJ . 
.If. p,.-.. 11t11111 - mean 0.6. :ibsolutc 4A (monlhs~car) 

Rate (m/ye:ir) a nd m:11,:nlludc (m) of 1kdlnc I l mpaetJ nweiated wllh waler re11.lme 
:rnd ri .,k o flm p:u:I kn-I (ROI) ch:rn1te and/or o lher disturh:rntl'!I. 

\'q:cl■llon 

l.0,1 ROI• r:it,: O. lm ~car. ma1_1ni111Jc (t25m. 
Modcr:11 ... ROI 1111( o.1-0.2111·yc::u. maj! ni1uJ.: 11.25· 
0.5111. 
llil!h ROI t31C O.l-0.Jm }·e11r. m.:i@nilu&: O.S-0.7111 

\'ctc l ■ tlon 

Low ROI• r,11.: O. lm ~,:ar: maiznituJc: 0.25111. 
Modcr:itc kOI - flit.: O. l..(l.2m 'ycar. 111:ig1ii1uJc 0.25· 
O.Sm. 
ll i1_1h ROI . r.Jlc 0.2-0.Jm ~c::u. rnJ~nituJc O.S-0.7m 

• Con111mina1ed11i1hhydm,.:01h.1n\ 
• l.caS1 u:o<Jll'\· ,1a1.:1bi1d.'i. 
• lkclin.:inn;acroin1·cncbratcssit1tr 19'J(,. 
• Vcgc1atio11 im1uc1.:J by lio: It rh~ ,ical 

di~1urhan,;c . 

• ll iirh lc1d ofc-.:oticsr.:cics. 
• Dislu1h:Jbylir.:k,h"<:Ji11111-.io11 

\'q:cl ■llon 1 • l.>cclin,.,inhcahhof.lf. rJ.U/,lriopl,,11/11. 
Low II.OJ- 1111\c O. lm '~e:ir. m3p11i111&: 0.25111. • l.kcn:ascd Jcnsi1i ·of H. urlic,J<11,,. 
Mod.:r.111c J/.0 1- 1111e O.l--0.2m ye::u. ma~niluJc 0.2S· • Dt-cli111: in densi ty of11c1l and ~hrutos. 

lhl iahl11 1yuflnformalion 

• W,:d:,nd .\ t~'i:" ies de111h1nn~csh:L'io.-J11n 
cxtrapulaliun o( m rfxc and s1t•u11Jwntc1 l,;1·cb 
acnr.i5 1hc lcn!!lh orth,; monilorin~ lr311~h 
f3lhcr tlw, IIC H'-ll mca~urcd J.:pdn tu 
J!TOund11:itcr. 

• Sp«ifi,; ~ tc conditions lh:i l ma~· inllucnce 
srou11d11,1erJ.cr.:ndcncc11rcno1consiJ.:n:Jjc~ 
stratigr.irhrl. 

• Wcda11d sp«ics der1h rw1gcsba_,;,:Jon 
exu apolalion of ~orfocc a11d prounihl::a1rr k1·,:b 
acm,;s lhc lcnj!lh of 1hc moniwrinp trans«: ls 
rall1crthant1elu.:il mca,u1cdJcp1los 10 
pmunJ11Jtc1. 

• $p«iricsi1ccoiw.Jirions lh.alm:11· intlu.:11,:c 
1_1rnu11d11a1erJcr-:nJcnccarcn~1con,itkr..-J(cl! 
strolifr:iphy). 

• Wrtlond spe.;ie,dcplhranpcsb.1scdon 
cxtrnf")b1io11of surfocc:indgwunJwa1crlc1·d s 
acruss thc lcnj!thof1l1<:moniw,ri11F-u:ins«1s 
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S1u.Jy orE\\lu un lhc Gn~nf>r•~nJ hnd.il uL mounJ, l 'nJcr Sc.:1ion ~6. ~,s,\I. 

Sub-5trou1,/ 
Gl>E 

Waltr rqtimr componinl 

Drplh or woundm1lrr (ntj?:11h·t ,·alut) or surf:ltt I J)uralion of inundation or watrrlo5Utina 
" ·acn (poiilin: nlur) (m) (monlh~}'l'U) 

Rate(m/yr:ir) :md maanilude (m) of dl~linc I Impacts 11uoda1cd wllh w::itu rc-~mr 
and rid, o f lmpacl lcn·I (ROI) rh:anjlt and/or other dl1lurhanrcii;. 

M. rlrap lrioplr.illu - mc:i.110006 to •2.1-lm. 11bsolu le 1.03 tu- I .\I. rluq,hiaphJ1fo - m,;:in 2.IS. 11~lu1c <JA (montli,-rur) I 0.~m. . ] • E:,;oliu Jomin.:1111 in undo:r.Jorcy. 
.i.49111 . Tr:rrnlri•l \ 'n-lchraln l lt[!h !.!01- rn!c 0.2-0.3m1yur, ma[tmludc 0.S-0.7m 
Trrrntrhlnrlcbnlc:1 Unlmown 
Rd3liom,hir, b,,1\\ccn g1ounJw:ilcr. upl11nd vc~c t:itiou and 
trncs1ri11lfoun.:imn,· bo:in.!f:!!.T1:111t. 

~fo llu:r lkscn ·c• I \'q:clatkin I W11crhlrd1 
P ?:i6 16~2B) No \'cgclition monitorin1t lronsa::1 onJ \·q:c1111io11 nnl lltc~lnp mar require 6 monlln inund:ition . 

11:.-,;cs"'d. Tcrralrlal ,· crlchr ■k• 

" ' •krblrd, U11 known 

C:o rolupl.al:.,• 
tJ!l07$6+m 6) 

1lranchS1 
511C:1mp• 

l 1J90'.M6-U2J61 

Fmot•Tor,ro;r 
Swomr,• 
(J92976-1-H96) 

s;;'1oi-no 11 Rd 
Swamp• 
()?2H6J.,t:!07) 

~ 
(Wanclur,)Lal;c• 
Pl9.l06J ) i,o) 

ll igh\\inrcrl1pring,\11lcr[cHlsfotbtccJing. 
Turctlrl■ I nrtrhraln 
Rcb liomJri r bc111ccn gro11ndw~1c r, 11 r,lnml 1cgcMti rm nnd 
lcrrn.lri11I fa un:i m:iy be impor1anl. 
\'c-;e111lon 
No 1·q:c1-11ion monitoring lr111n;cc 11md \"cEclation not 
H.,;es,;cd . 
\'q:d10on 
No 1·cgcllltionmoni1orin!,lransccl 11nd,·cget111 ionnol 
11sscss.:d. 
\'q:cl•llou 
No\·cgct111ionmoni toringtranscc1011d1·cgc1a1io nnot 
ossn,;cd . 
\'q:clatJon 
No \·cgcllltion monitorinp tnaru,ccl lllld 1·cgc-1a1io n not 
IIS-'iCS'5Cd. 

\'rj!chtloD 
N11,·cgcL:1tionmonltori n£1, lr:i= 1 1L11J\"Cgc1111ion not 
■ SSC'SSl:d. 

Kurmki, 11., C.-,,rrul "So111Ji Comp/a 

Forn:s1d:ilcl.11kc I \'q:ct1tlon• 5yc:irn1ca11111id abso)u1cw111crdcp1hnu,Ecs . 
(J9')(,()(;"-' JH) JI. r/i upl,;opliylfo - mc:m 0.006 111 -2. 1-lm. 11bsulu1c I.OJ IO -

-1.-19111. 
E. ruJi.J - mc:m -0.7 to -J.26m. abS4J lulc I .OJ to -6.-1-lm. 
B. mlicv/u/a - n1c:m 0.211 lo -1 ..22111. 11hsolutc 0.81 lo -2.59m 
W•terblrch 
ll igh ,1intcr'lpring pc:ib import:ml cs pccinlly for Jr,J\\ning 
1·cgeU1tion tlut thrc:ilcns lo cho\:r the oro;n !>h:>llow!on 11hich 
migrakl ~· \\-:tdcrs dcpcnJ in summer nnJ autumn. 
\'crlchraln 
llighspingp,:3l:sfotfrogs 11nJp:1sisttnccinlo:u11umn. 
" '•tuqu1U1y/l«llmcnlproccuc• 
SrdimcnL, mu~ rem:iin s:ituratcJ 'moisl 1hruughou1 lhc 
summer C3C h yc:ir. The w11lc1 1:iblc thc n:fOJc n111sl Jl(l l Jror 
bclowthcstr:iriEr:iphic l~ ·clll:iycrcar,ablc ofpm·idinsw:11cr 
to surf:icc oq:llllics thmus h car,ill :Lf)· ri~ Juri11g sumn1tr. 

Ccn11c fu r 1;_.,.y. tan ~!1.ruicmml ECU. l<><1 nd.ilup 

\lrgcl ■ Uon • 5 ,-c:i r 111c:111 a11d :ilwlutc m:i.,. imum p,:riuJ 
of inund:11ion(months lycnr) . 
M r/1111, Ji iop/,yl/" - mc:m 2.15. 11 bsolu1e !J.-1 (monlhs'~·c:ir). 
f:. rmlir - mc:in l .5S.ijlniolulcl2(monlhs 'yc:1r). 
R. urft"ci,/111a - mc ;i.n) .26.11bsolu1c 12 (mon1hs 'yc:11) 
W■tcrhlrdt 

Sh111lo11·s 5houldpcrsisti111o sumn1cr 11nJc;i. rl y11ul11mnfor 
migralory11·110Crs. 
Vcrlcholn 
l.011g-nccl.td Tnnoi:.cs were r,n:!iCnl i11 the 197~ 11.nd may 
stillb: lhc1c;requin: 111lras1 9mo11th.1'~ 

l) 

\'q:c:talloo 
l.owRO l - r:1tc0. ln,1yc:ir,m:1 gnitudc:0.25rn. 
Mo.kralc ROI - rate O. l-0.2mlycar. nmgni ruJc 0.25• 
0.5m. 
ll igh ROI - r111,: 0.2-0.Jm1)c:ir. nmgnitutk 0.5--0.7m. 

• lr1C1c11!iCd\1cc,Ji11,11,;ion.Juch.l l:id;of 
inunJ:i1io11 

• Drying, lir~ :md physi~.i l Jisturhnncc: h:J.s 
disturb.:dJ/dflfrricfl sp. 

• lkcli11ing waltrt:1blc11ff~c lcd vc11c- t:i1 ion 
including Al. rluq,hiophy/1<, .-t £ . nrJu. 

Rrli;1blllly of Information 

rn1hcrlh.'111~\u,·dmc11sun:lldcpths to 
l!ruumlwatcr. 

• Spccilic si 1ccunditio11s 1h:i1mayin nuc 11,:c 
gruu11d1'11lcr tkp.:11Jc11cc arc nn1 con, i.k1cd (cg. 
5lf11 Cil! llll'hy.1_ 

• Nupcmi:111cnt1·cgc t:11iunmoni!nring lr11nscc t 
• Spa:ilic si te corklitiou.~ 1h:i1 m~y innu,rncc 

gruundwalcrdcp,:1idcncc11rc not cunsitkrcd(cg. 
str:itigr.iphy). 



S1udJ ur f:\\lh on 1ho: Gn,nr ~u ~nJ lmJ,lvl m,,..nJ , l 'nJ; r Sc,:11<1n J6 

Suh-11ruu11 / 
GUE 

W:aln n~in1c romponcnl 

n:-.AI. 

Ucplh of 11roundw:11cr (hl'jl:ith·r \':ll ut) or ~urf:u·{" I l>ur:ulon oflnund:ilion or w:1h:rlo1111ln11 
11alcr (po~ilin- n1luc) (m) (monlh'1yl~.ir) 

50111/i.•r,i H,·,,,, Comp/,'\ 

llmisJ:dc I \'qid ■ llou . 
~11:11111•• A~ thi:1e is no r 11 1q:ct~lim1 nitmilorinp. trans«\ 1111d lhc 
P9l!~76J.l(,55 l 11i:1]:1 1kl had nol ba:n as~s...:J Cl1 lhc time of wri1in p., 110 

c<> 11m1~111 cnn be n1 oJe 1n1 1,01cr req11irc111enb uf 1,ctlm1J 
sr-.:dcs. 
Tcrn:,olrl•l•·crlchr•IL'1 
lklmionsh irbc111ccnp. ruu uJ w:1 lcr. 111,fonJ1·egc1:11ion:md 
1cnn1rial four1.1 m.:iy bc im1'i,n:1nt. 
s..-dlml·UI prOC'1;,Hnffl •lcr11u1l11y 
Or~:mic ~dimcn1s mu, t re111:ii11 s nu ra lcJ 1hn,ughuu1 the 
, ummc1 each ~ c:11 . The ,111kr lllble 111u, 1 lhcreftorc 1101 dwr 
below lhc 5lr.1li11r11 rhic In d l:1yc1 curobk of p11,·iding \\:l ier 
tu ,urfxc ori,1 :1.niu 1.hrou!_!h capill:11~· ri.-.:: durit1!_1 summer. 

L:ilcllal:u111r • I \ '~cl•tlon 
(~00 1l6JJ610) No \'egct111i1111 muni1orinjl 1rnn'i«1 auJ 1·q:cl11tion noL 

11.\stsscd. 

TERRESTIUAI. ECOSYSTnlS 

Gn ■ni: ■ r• 

Jknl.,m,m Con,plr.1 

l'M:?-1 I \'qid ■lloo - S ~·ca r mc:m anJ :ib,o\ulc •1:ilcr dc f"'h r11ni:c s . 
tll u,!t l'ote> er Sile f.. ,.,uh• - mc:an -0.7 lo -.\ .;U,m. ab:,ululc I .OJ lo •6.-1-lm. 
:ir.1 .H. 11rnui,r11<1 - mc :111 ·0.5-1 tu •2.6lm: 3b:,;oJutc I .OJ lo • 

S.OJm. 

n11Ji:cru11!.Gl c 
nu ,;lllond" 
(llu,hForC'l·a Si1c 
n1, 

Ydlai:oni::1 
Rei:imull' :ul.:• 
(11u,h Fu=aSilc ,.,,, 

Pi,rj., r Compl'-' 

MTJS 
[llu,h l'"n:,aSi1c 
~2JI 

Yq:.cbtlun 
No tcm:mi:11 \Ci:ctati<>n n1 nni1orinp Lr:msccL :ind 1·c11 c111tion 
no, n~scs.scd 

\\,:ct ■Uou 

No 1cm:~1 ri11l \ 'e!!Clalion 111oni1n1i11g Llllm,cc l a1kl \CJ,lCIBtion 
n,.11 a~-.C"-'>C J 

Cimuc for E.:o•)• lnn ~lat1•f<mCT1L ECll. JoonWl~r 

\ 'ci:.cl•llon - S ~c.:ir mean and 11 bsolu1c m11ximum r,:riod 
uf inunda1ion(nm11ths ',,carl . 
.\I. pr,:i.u imm- mc:u1 o:6. absolule -1.-1 (01011l11s yea , I 
t:, ru,li, - mean I.S5. Gbsnlutc 12 (months ~car). 

lhh' (ml)'l':U) and m:111nltudr (m) of dcdinc I lmp:1,1 ,, :1~,od:11td ,,l1h ,,:it cr rci;timc 
:ind rhk oflmp.ict lcnl (ROI) ch:1n11c :and/or olhcr dhturh:a ncc,. 

Yq.>c t ■lkm 

1.01, ROI- r;itctJ. lm yc:ir: m:11ni1mk 0.2501 
Modo:r:ile ROJ - 111\i: 0.1-0.l m•~-.:ar. mG!_! ni1uJc 0.l S• 
O.fo1. 
lli!_!h ROI - r:11..: Ol-0.]n~~:u. 1113,!;llil!JJ.; o .s.u.7111. 

\'qi tl ■ tlon 

l'hrc.:irophytit l/,11.J.Ji<111oodl11nJ:11( .. 10mJcr1h 111 
l!ruund1111li:r, 
I.mi ROJ - r.11c · U.Jm ')ca1. maJ,1ni111Jc · l.lS111 . 
M0Jcr.11c ROI - rn!t U. l-0 .2S111 ')·c11 r, magniui,J,: 1.l S, 
2.0rn 
lli l! h ROI - rnlc U.2S-O.~m ) 'CDI, rnag 11i1uJc 2.0-
:!.nm. 

• lkcrea..,..-J11bunJ1111,.:cofh.:ahhyf.. rudiT,.\f. 
pn.•u1it111<1 It /J . ilicifo/i,i sill(c l?'H 

• J>ecren~ 11bu1 1<foncc nL{fiu cicul<lr i.1. l '. 
d/Jiilimm It JI. t1n,:t<1t ifvli11n, ~i ncc l9')J . 

• lnuc:1...:J atl\l11J:111cc of h.:al1hy n. urr,·m~,iu & 
B. m,·,ci.:.1/isince 191)) 

Rrli:ibi111y oflnform:11lon 

• No r-:1m:111cnt1cgcla tiunmoniturini:1ran)>C( t 
• Sp.'Cilici.itcwndilions 1h:a1may innucncc 

11rnundll'alt1dcr-;:ndcncc:ucoolconsidcml(c1 
slratigr:iphy). 

• I la biL:11 lype unJ ~r-.:ciu rre sc: m u,c 
un.Jescribcd. 

• EWRs c111mo1 b.: Jc\nmincJ fur ·n~ \\'· 1crr,;suiul 
C\.'O~)S1cms J II( 10 l11c11 bscnce ofhyJrnlosical 
JalU. 

• Jlubi1111 1yr-: 1111J ~pecies prcscn1 an: b1J,1dy 
un.Jcsc ri!:-.: J . 

• EWR 5c1111no1 N' dctcnnir,cd for ' nc\1. 1c=, trial 
cCO))'SICm~JIJ( IO thc11b.cnccofhyJmloj1 ital 
J,o 

• W:irc r rcquircrncnts 11rcurpu:l..ima!c11sfur1hcr 
\ 'llii.btion is rc,.111i1cd. 

, llabil:11 I) r,: unJ sr-,:,i\.' 'i rrc...:n1 a,~· l:up.dy 
u1iJesc1ih:J . 

• Thehyd rolog)· of11 tcrrc.--1ria] ,·i1ci,OO...:Jo n 
wata kiclt as mca)ur~-J al l!ruunJ,1a1ct 
muni1,1rinp. bor,:s, TI,i~ docs 11 01 fCJ"fCJlCn! the 
1·:aria ti.111in~,~-111,ditsirnpact m1 
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Siudy ofE\l.'R.., on Lhc, Gn•nBu• ind l>nJ:ilot mooniJ, l 'nda Sc~tion 46, 

Suh-p:roup/ 
GDE 

W:alcr rrjtlmc component 

Depth or J:roundw:aler (nep::atlvc \·ah.1c) or 1urf:uc I Dur:alion or Inundation or walcrl0Jt11:inp: 
waler (poiilin nluc) (m) (monlhJ/ynr) 

Numlxtl Rd I Vri,,t,llon 
DmJil:ind• No tcm:Sl ri~l ,cgcl:ltion monitorin[I, tr:1.11 scct 1111<1 np.cJ:,.tion 
(llu1hF1,rcva.Si1c no t ass.:SS<:d 
14111461 

Linlc Coogl-.: I Vl,:cl•tlon 
J-1111 • No tcmstri31 \,:gcl.:ltion moniloring lr:mscct nnd ,cgct31ion 
Cllu,hf.,,.C\·aS~c no1 uscsscd 
~~~, 

8.uu ,uf .. ,m C,•mr1if ,{ So111h Comp/.,_, 

MM IS 
(IJu1hForc1,aSitc 

""' 

MMSJ 
(Bu, hfofC\·c:rSi1c 
~04) 

MMS5ll I Vqi;d,Uo11 • 5 yc.:i r mc:an ond 11 bsoh.Hc waler dcpeh rnngcs. 
(llu, h Forc-.-a Sile M. 1,rri.,., iana - mun -0.S-110 -2.62m: nhsolulc 1.03 In• 
)0-4J 5 .0-lm. 

MM591l 
(l!u1hFofC\·<T5 ic c 

""' 

Caiuc ror E.:oty•1cm ;\(.uugi:mrnl. ECU, Joond.,lup 

\'q:cl■tk,11-5ycarmcn11and11.bsolu!cnu.-.; imumr,o:riod 

nfin11nd11tinn(mo 11th.1/yc:1r) . 
M. pro,W k,na - mct1H 0 .6. o.bliO!ulc ~A (monlhs '~·c.:i r). 

Ralc (m/ye:n) and maii:nHudc (m) of decline I lmp:u:ls anodated wllh w111er- r ep:imc 
and r bk of Impact lcnl (ROI) chanjZ.c and/or other diitu rb:a nces. 

\'£1,!clallon 
P!m:.:ilophytic Hanbiu wood larid ot l-6m &:pch lo 
gmund<\·ntc r, 
Low ROI - r.itc <0 .lm1ye.:ir. m:1g11itudc < I.Om. 
Moclcr.llc ROI - r.llc 0.l -0.25mlyc:ir. m:ignilud.: 1.0-
Um. 
ll igh ROI - r.11c 0.25-0.Sm'ye:it m:igni1u1.k I.~. 
2.:!Sm 

Vt-JclalioD 
Phrc:11ophytic Bunk.,;., \\'oodl:ind 111 )-6m &:pch lo 
gruund1\·111cr; 
Low ROI - r:ite <U.lmlye.:ir. m11gni1udc < I.Om. 
MO<kra!c ROI - r:ilc 0. l·0.2Sm1ye:ir. m11gni1lldc: 1.0-
1.Sm. 
lligh ROI - rate 0 .2S-O.Sm1yc:i~ magnitude I J. 
2.2Sm 

• D,,diric in number of healthy .\/. pr<'iuiww t.:. 
B. i/icifofl11sincc 19'J'J. 

" DctlirlC in :ibund.:r.ncc of P. <'fliptirum since 
199'J. 

• Number of snull deud B'1nbiru in :m:11. 
• Vcgcllltiondcn-ityd«rc:iscd. 

• Gene rally moJ11icJ b~ gr.1.m1g ( lcn.:cd an: 
rccmcring) 

\'c:tcl ■ llon 1 • Numbcrofi,malldc.:idBunJ:.Ji,01in11n:.:i. 
l'hrc11lophytic B11nbi<1 wooJl:ind at )--6m dep1h lo • Vcgcl:ilion density incrc:iscd. 
gruundwaler; 
Loi\' ROI - r.11c <0 . Jmlyc:ir, m11gni1udc < I.Om. 
Moderate ROI - rnte 0. I--0 .2Sm' ycar. nugnilud.: 1.0-
1.Sm. 
High ROI - r:itc 0 .25-0.Sml~·c:r._!,_ m11gni1Lidc I .S-

Reliabllifyofinformalion 

gm11ndw11!cr lenb 11cron II site. 
• The spcitial 1irc3 of,·cgcl:ltion rcprcscnlcd b)' 

ca<:hbori:i5not.kfincJ . 
• lb bit111 lff<" ruid sp,,<:ics JlfC :IClll arc larp.cly 

u11dcscribcd. 
• EWlh C:lllno t be tktcrmincd for 'nc\\' ' tcm:strial 

r cos:,·stcnudoc 101hc11bscnccnfhp.lrological 
d:il3. 

• llabilal ty~ nnd SJ'C( ics pre.sen! arc ICl.fgd y 
undrsc ril:c,J. 

• EWl-1.s cnnno l be dclnmiricJ for 'nc" · tcm:s trial 
cco~:·sicm.~ Jue to the 11 bscncc o f hydrological 
J3t.:1. 

• Wnlcrrcquircmcnb:r.1cops-o.~inrn1cn1 furthcr 
,·alid.:itio ni s rcquircd. 

• 11:ibil:il typ: and spccin JWC.'iCnl arc l:r.rgcly 
undcscrib.:d . 

• The hydrology of o 1crrcstrial ~ k is h:iscd on 
wo1crlcvc ls o.smct1s urcdn!groundw.:i1cr 
monitoringb.:ircs. Thi5docs nolrcpuscnllhc 
, ·,ufa1ion in1opogr.1phynndits impaclo11 
gmw1dw:1lcrlc,·dsncross asi1c. 

• The spatial orc.:i of YcgcL:llion rq,rcscntcd b:,· 
cochborcis noldclincd. 

• W11!crrcquircmcnts C1J"capproxim11leufurthcr 
valid.:irionis rcquircd. 

• llo.bi1111 1rr: and spccin prcscnl are \Clfgc ly 
unJcscril:c,d. 

• Thchydrol0j!y of11tcrr" 1rilll silcisbascd on 
\\".:llcrlc\·cls nmc.:isur0011tgrou1idw111cr 
moniloringt:on:s. This docs nolrcrwcscnl lhc 
\"o.ri11!ioninlopogr.1phy11ndi1s imp.:iclon 
1m1undw11lcr]c\"Cls11cmss asi1c. 

• The s polial uc:i. o[\·egel.:llion rcpn:scnlcd by 
ca<: hborcisnotdclincd. 

• W111crn:quircmcnts111c.:ipproxi m11lc:r.s forthcr 
nlid.:itionis rcquircJ. 

•llabillll tyr,o: ondspccic:" rwcsc n1 ore lnrgcly 
u1idcscrib.:J. 

• Thc hydrologyof 11 krrcs1rial site is based o n 
waler lc\·cb ru mc::15urcJ 0.1 grou1idw111cr 
monitoring bores. This docJ noCreprcllC nl Lhe 
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StuJ1· of E\l.lh Of! the G111nrm onJ hnd>iol mounJ, l !nJCJ Sutiun 46. 

Sub-Rroup/ 
GDE 

J,;,JJ 

WM6 

WM& 
(IJ1uhfoo:,•er!ii1c 
'.l!'JJ 

NROC 
(llu, h Fora·a Sile 
~!')) 

N!l.l l C 
(IJu,hFo=·aSilc 
'.199) 

LJOC 
(lJu,hr=·er!inc 
3!")) 

LIIOC 
illu,hF11ra·a-S ilc 
'.I?)) 

Waler r~lm, componcnl 

Dcplh orRroundw:1lcr (n"Ral h'l" nalur)or ~urfarc I Duration oflnund:Hlon or m.aterloRl!ihR 
waler (po1itlH·,·aluc) (m) (monlh.'1)·e:1r) 

Cmtrc for E.:o,y.1=1 id:111,f<mrnL EU1. loondilup 

Ible (ml)'r-n) and m2Rnltudc (m) of decline I lm pacl.1 auod:111.-d with "·alt'r rc1timc 
and ri .,k of Impact k..,·d (M.OI) chanjlc :ind/or other dlJturbanc~. 

smundwatcr. 
Low ROI - r.11c <O.Jmlycar, mni;nitudc <I.Om. 
M!Hk.°ra!c ROI - rntc O. l•0.2Sml}·cnr. m:1snitudc 1.0-
1.Sm. 
ll ighROl - r111c0.2S-O.Srn1ycnL m11.sni11k.lc 1.5-
2.25111. 
\'~d•lloo 
l'hrc:ilophytic /Jm,A_,;,, woodland nl f>- IOm depth lo 
1!mu11Jw:11cr. 
!,ow ROI - r.ilc -< U. lrn 'yc:i r, m:ignituJc < l.25rn 
Mo&:ro1cROl - r:1!c O, I-0.25m'yc:1r,m:1gni1uJ.: 1.25-
2.0m. 
llig.h ROI - r11 t,: 0.25-0.5m•~-.,~r. n111i;ni iu,fo 2.0-
2.75m. 
Vq:clatlon 
l'hrc.1lophytic IJmlX..Jia woodbnJ 111 Hm Jcpth to 

l!mundmucr. 
Low RO I- r.ilc <O. lm1yt3 r. m:ie.nitudc < I.Om. 
Mo&:r.itc ROI - r11t,: 0. I-0.25mlyc11 r, m11gnitudc 1.0-
1.5111. 
llil!-h II.OJ - r11tc 0.25-0.5mlyr:il ffi.;1!1-Ui ludc l.5-
2.25m . 

• 1kcmisc11bunJ:mccof,l.jiucirn/ariJ. I'. 
dlipricum since 1999. 

• Dc:nc:ascJ11urnb:rnfhcnl1hyll. i/icifolursincc 
] '}9() 

• SiJ!.nJ of ~tress in 8011k...i11 sp. north of bore ,t 
M, pr.:iuimw lu !".>u!h. 

Rdiahlllty of inform11lion 

•Scc11b,,1,·c 

•Scc11bo,·c 

\'q:ctatlon I• lkcn::iscd,·cgc tation density. I • Scc11bo,·c 
P'hre:ilophytic Ha,ilr.tfo woodlllnd 111 J-om depth to 
l!l'Oundw111cr. 
Low ROI - r:ilc <0.lmi,-c:ir. m11gni 1udc < I.Om. 
Moder.it,: ROI - r11t e O. I-0.2Sm1yra r, m11gnitud.: I .O­
l.5n1. 
lliJ!.h ROl-r11tc0.25-0.5n1lycaL m11J!.ni!ude 1.5-
2.25111. 

~~:!;~~;tic B,uibiir wooJlllrld 
111 

3-6m &:pth to 1 • ~~~11ngc in ,·cgct3!ion OCn~i ly between 19811- [ • Sec obo\"C 

J!.ruundw11lcr. 
Low RO I - r:ilc <0, l m1yc.1r, m11gni11Kic < I.Om. 
Mo&:r.ilc ROI - r11tc0. l-0.25mlyco r, m11J!.nitudc 1.0-
1,Sm. 
lli J!.hROl-rntc0.25-0.5m'ycalm11J!.nitlKicl.S-
2.25m. 
\ 'q:cla llon I• !)ccie11scJ,·cgc1111ionJc1uity. J • Sccobo.-c 
l'hrcatophytic /Jmibia wuo,ilftrld 111 J-6m depth to 
J!.rull11dwalcr. 
Low ROI - r.i1c <0, lmi')"c:ir, rn~sni111dc < I .Om. 
Modcmlc ROI - ,~le O.I-0 ,2Sm'ycar, m11J!.1Utudc 1.0-
1.Sm. 
I li l!-h ROI - r~lc 0.15-0.5m 'ycaL m11guit1Kic 1.5-
2.25111. 
\'c,:clallon [ • Dccr1:11scd,·cgcl.:l lio11Jcnsity. ] • Sec ~bo\'c 
l'hrralophytic 8<11ibi<l woo<lbnd M {>-!Om depth to 

ruund\\"111cr. 



S1uJ) ufE\\lh m d,c, C",n,ni u• ~nJ hnJUul muunJ, l 'nJ~-. S,:,; liun J6. l•l !\',\I , 

Suh-~roup / 
cm: 

Ll:!OC 
(Hu•hl'"'c,·aSilc: 
39')) 

Ellcnbroul.: 
Ilu!>hlimJ 
tllu,hl'omr::r Silc 
~00) 

MMl2 
tllu ,hForc,a Silc 
l 'nl 

RoscllJRd 
llu .1-hlond 
(llu, hl'omaSitc: ,.,, 
Stalcl'orcs165 -
G1w1 p.:1 r:i 
l'lantation 
IJu, hl:inJ• 
i~h,hirlcl!u,h 
l'oraa-Sila) 

lJ,;ll:1Ro OOSou1h 
Bu!ihlw1J• 
(Bu,h l'orc,a Sile 

"'' Wablins 
Mmn:ipcment 
PrimiwAre:i• 
YcalN:i lu1c 

Wiiterre~imeeom1ionl·n1 

Depth of 1,:roundwah·r (ne1,:ath·e Y:.lut') nr ~urfaec.' I Uur:.iln n of inundation or 1u 1erlo1,:1,:in1,: 
11:1tcr(po1itin 1·:dul')(m) (month.'1rl'ar) 

\'q:c:l ■Unn 
No lcm:~trinl npel:ltion mu11 i1uri11p. lmm.c:,t :111J \Cflc:LJtion 
llOlllS~lo.-.cJ 

\'l'S!Cl ■ Llon 

Nu 1c111:111in l I ci;cu tiun monitori11p Lr:1 11 -<cl 11 11.J \'c:p.c ln1ion 
nnl11sscs.-.c:d 

\'c:tc:l ■Oou 

Nu tcm:~lrial \,;~c 1-11 i<, 11 mnnitorinp. 11:im ... -c l :inJ 1c:sc1a1iun 
ool 3.~SCs.,;cJ 

\'t~c t ■ tk111 

No lcm:striJ] \'C:FCl:l lion r11<1ni1 01 in~ lr:ln!'CC L :111J HflCIOlion 
no L:is...: s.-.cJ 

\'q!•' l■llon 
Nolcm:sl ri :t l1·c:p.e1.:11iunmoni1orinp.1ran...:c1anJ1cJ1cl3lion 
!~a,...:lo.-.CJ 

Crnlrcfor E,-.,,)•1,-m~! .. u pc:rncnLECl l, J,-., nJ.ilur 

R:i tl' (m/yc:i r) and m:11,:nitudt' (m) of dL-<li nL' I Jmpatl~ o«id:ilcd wllh waler re~im t 
and ri_,k or impael knl (ROI) than1,:c and/or olh cr dh1urhiinec~. 

Rd\:lbllll r urlnform:ilion 

lo\\ ROI - r.1k -.O, l111 'yc:ir, m:iFnilmlc ·· J.2Sm. 
MuJ.:raLe ROI r:llc: 0.1·0.2fo1'yc:a1, lll:l!l lliWJc: 1.25-
2.0m 
ll iph IW J - mt,: U.2'-0.Sm '}car. ma;rnituJc 2.U• 
2.7Slll . 
Yr-gc:l ■llon 

PlucJ1uph) 'Li c /fouAJ iri "of•JlanJ:i1J.(m1Jcpthlo 
pruund\\ater. 
Lo11 ROI - r.1le · U.lm Jc.ii. 111:ip.niluJe , ! .Om. 
MoJcr.ile RO I - talc: O.l·O.:!Sm yc:ir. n1a.pn i1uJc 1.0, 
I.Sm 
ll iFli ROI 1atct1.2S-tUm J..-aL m:iF1ii1uJc: U, 
2.1Sm . 

\'l'j:t: l ■ tlun 

l'l11catophytic:llmik., i111,1}(1J l11nda1J . (,m Jcp1hw 
gruunJ watcr, 
Low RO I - r.1lc · 0 .l m '~·c.ir. m.1p.ni1uJc: < I.Om. 
MoJcralc: ROI - r:i1e 0.1·0.:!Sm 'ycar. maE111 i1uJc 1.0-
1.Sm. 
ll i!lh ROI • ratc:O H-0.Sm Jc:il mag1iituJe U· 
2.2Sm. 

• J>.:e1cn-.ci 11 vci;et:iliun <lcm·it)' ni>rlh& 11c )o.l or I • Sccabo1c 
Nirc 

, lkni:11.'IC in :ibund:mce or/~ t:lli1,1ln1m. 1 • llabil:lt IYJ'! and ~1'('(:i C"S pescnl an: J:irgdy 
• Vc:gct:ition J<·ns.ity gr3de~frnmaJ(( l(ll'<in undescribcd. 

c11~t lo:i incn:asc in 1\c .1-L, , EWRs ct1111iu1 be dc\ermincJ for ' nc:11'' 1cm:strial 
• .l.kcn:11sc in henllhy .\/. 11r,•1111<1m1. H. ,f,'eifoliu . c:co.1-·ystc rm due hl tl1c: ab,,c:nct: ofhyJrulopicnt 

ll_,_ u11~n11u1<1 It B, m,·11:u.u/ m1 M:unll:i .1-i1c. da1a. 
• Walcr 1cquircn1c 11 bnrc: 11p['foxim:1Lc:is fur1h.: r 

, ·nli.l:itionis rcquirc:J . 
• llobi1a1 I~ I"' and sp,.-cic:s r,c S<: Jll an: la.r11cly 

uriJc:scrih:d. 
• Tlic:hyJnil,11!yofa 1cm:strfalsi1c isOO,-,:Jon 

1u1e1 lenls :is mc:i~u,cd 111 ttroundw:ilcr 
moni1orin11 OOrc., This docs nol rerrc...:nl tl1c: 
~ana1ionin1oro1rJ pl1J· :111Ji1s imr,x1011 
l!l'OW1J11:11crlc,·d s o,l\= asi1c. 

• Thcsro1inl urcaof 1·cgc:1:Jliun 1q1n:scnkJ~ 
each OOrc i~ no\ Jc linc:J. 

• llobi\J l 1~·r-: and ~pc:-c ics rrc:scnL ore lnr,-ely 
urid c:scrih:J . 

• EWlh ca1111ol b..: dclcnninc:J fo1 ' new· Lcm:slriol 
ccM~stcms J11,:10 1hc: .1~ n,c: ofhydrological 
d.:ua. 

. s,c11bo,e 

,Sccabo,e 

. Secabo1c 

• Sec:11bmc: 
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Sh1Jy11fE~lu on lhc G,ung.,. andhn~il.l>lmoonJ, llnJ« Sc.: tion 46, 

Suh-~roup/ 
GDE 

Water rrgime componl-nl 

l>rplh o r11:roundwal cr (nrJatln ,·aluc)or surface I Duration or Inundation or waltrlo1U1,lni: 
\\"aler (posh\n n lu r) (m) (monthil)'r-:r.r) 

Rr,-cf\'c• 
T11n1lc1~• 

~ 
ll1.1~hl111J• 
(1)1nhF,,""'·aSitc 

'" Mud1c9Alr 
Wc11ponsR11ngc 
lluJilMJ• 

\'q:etatlon 
No tcm;s1ri.1.I ngct:11ion monilori11g 1tnnsccl imJ , ·cgcl11lio11 
00111sscss,eJ 

\'q:ct1llo11 
No lcm;si rfol,·cgcl:ltionniuniloring lrnr1so:c l and,·cgct&lion 
ootasi;cs...ed 

Coll.,,, fo~ C t11lrt1f 111111 .1omh Compfu 

Wilbinga-Ciuab.:in I \'q:cl ■ tlo11 
1lu~l1111d ' No ttms!ri11I Hgct:llion mlllliloring tn1nlo(cl and \'ci!el..ltion 
(ll1nh Fo,m,·o Sile nol as:.c~d 

"'" YanchcrN3tiOO:il 
l'arl.:• 
(Ou,hF<m'l"OSilc 
281) 

Coftalllc North Co,rc.1/oc Centro/ & SoufJ, Co,,,plex 

Rid~cs it; 11dj11ecnl I \'~etallon • S year me3n 11nd absolule water do:pch ningcs . 
Ou!ohh111J• £ . niJi.1 - me.in -0.7 lo -l.26m. 11bso\111c 1.0) lo -6.4.lm. 
illu,h F°"'·a Sile .H. prduW,w - mc;1n -0.S.1 to •2.62m; absolute 1.0) tn • 
HI) S.0-lm. 

\'ertcbnlrs 
Unblown re13tinnlohip between grouudw:iler, urbnd 

r.,"'••""""fo"'a"o-'6'~----1 ~~:::ii:
1

1111d lcm:s!rial , ·er1cbr11.1cs. 

Pinj:ir P1tu1l:ilion No tcm:sl ri11I 1·cg_clll!ion moniloring lr11nscc1 and l'Cl!Cl11lior1 
So111h Ou.\hlnnJ• no losscsscd 
tMu~irJcllu,h 
Frxa·aS~n) 

Ncer:ibtlp 
Nation:il P:irl.:, 
l.:il.:c No\\"Cfl!UP 
N:iturc• 
(Ou,hhm·<tSilc 
}&.\) 

Gardo:nl'arl.: 
IJu~l:md• 
(ll1,uhrom:<tS 11c 
.no1 
llip:h Hoad 
IJuJll:mJ• 
(Uu,hF11ro<\·<tSilc 
-1111 
Errin:i HO:W 

\'r,.ctatloa 
No tcm:Slri:il 1·cgc1.11ion monitoring 11:insc:c\ and 1·cgd11lion 
notassc~d 

\'q:clalkln 
No lcm:slrial 1egcblion monilorinJ!. lf:ini,cc\ :ind 1·cgclation 
nol H ,;c=d 

\'~l1lkln 
No lcmslrial ,eJ!.cl.ltion moniloring 1r.1111scc1 and , ·c11dation 
notas,;cs.s.:d 

\'~111lon 

Ccn!~ for E.:<1')11ctn ManaranC!ll ECll, Joondalup 

\'q:clalloD. 5 ~car mc::m :mJ absolute ffl2.'limum rc:rinJ 
ofinundation(montlt\'ycar) . 
.\I. prdui'11u1- mean 0.6, 11bsol11!e 4.4 (months year). 
t.·. ni,/lf - mean I.SS, absol111c 12 (monlhs' yc:it) 
Terrnlrial l 'trlrhuh~ 

UnKnm,TI 

N.ale(m/)'n r) and m:aitnltudr (m) of dttline I Im pares a.uod111Nt Ydlh w111t«- r r~mr 
and rhk of impact ln·rl (ROI) ch11n1tr aniVor olhrr diJlurbancn. 

Rdlability of Information 

• Scc11bo\·t 

• Scc:11bon:. 

• Sc:cobm·c 

0 Sc:c11bo\·c 

• Sc:eobovc 

• Sc:cabovc 

• Sc:cabo,·c 

• Sc~abo, ·c 

• Sccabm·c 



S1uJy orE\\lt. ,.,. lhc Gninyau and hnJ~Lcl fflilllnJ• l '11Jcr Sc.:licn ~6 

Suh-J:roup/ 
GUE 

Waler rcJ:im(." component 

m:.\I. 

lhplh of ,:roundwah·r (ncjt:ith·r , ·:i luc) or rnrfacc I J)uution oflnund:ition or walcrloJ(jtlnjt 
" ·all'r (po~itin: ulur) (m) (monlh~ycar) 

~,:~~'~;~; er S~c I :: ~~:;;;1 , ·cl!cl.:Uion numilurinl! 11:in!<cl onJ , ·c-i,:cl:Hion 

J9.1! 
J.:alcG11dur 
RcscO"c• 
(Uu,h ForlC\'cr Sile 
n21 

lkcourccrW:i~ 
[lu,J1]:i.nJ• 
(Du,hFon:\crSilc 
ns1 
1.:anJsd:ikf(o:i.1 
llu-.hl1111J• 
(llo,hFo,n·crSilc 
1991 
KoonJoola 
Rel!ioiul 
Dushland• 
(ilu,hForn·crSi1c 
201) 

\"q:ct ■Uon 
N11 lcm: sHial \'Cl!<'l:11io>1 uinnilurinl! trnm~c1 011.J 1·ci,1c1atiun 
110\IIS~s.-.cd 

\'11:ct ■Uon 
No lcm:Ilrial 1cgc-\.'11i11n 111011i1mit1i,: 1r:u1~cl anJ 1ci,H•1a1ion 
not 11~sc: s.,;cd 

\ 'q:ct■llon 

No lnrc~1rial 1ci,:c1.11~11, moni,.,rinti 1,an....,,;I anJ Hllclalinn 
nola~scs.sc:d 

\'q:11:l ■l lon 

Nn lcm:stri:il 1ci,:ctatMm moni1orins lr:im,c'1 :ind \'qrd:ilion 
1101 :i~scssc:d 

Bu..u,·,W,·"" /1.'orth Truiui/io11 Co,,.p/o: 

1131,J.:ins Rd I \'q:ct ■ llon 
Bushl:md• No lcnc~lri:il 1·c~cta1io11 n1011i1t1rini,: tranio:c l :mJ , ·~cl3tinn 
(I.huh FcflC\cr Sile no11uscs.,;cJ 
J26) 

S011/Jirr,i Ri,w Cump/,ix 

C:11Jinal r>rfrc I \'c,:cl ■lloo 
lloshland• _ N,, 1crn:~1ri:il rcgclalion rm•nilnring lrani.:d :111J 1·cgct:i1ion 
(IJu,hl'o=crSwc 11111osscs.-cd 
m 
Ca1·c1,Juun 
Airbase 
UushlanJ• 
lJ!w,h1'01ncr S~c 

'""' 
lim.i:,1ComJ•l,•.1· 

lloll~brool.: 
N:icurcRcscrvc• 
(llu,h Forn·cr S~c 
29!1 
S:iwpitRood 
Oushla.nd• 
(liu1hFo=crSi1c 
l~l 
T1,inS11 11mr,r 

\'c;cl ■llon 

Nn1c11cstri:il,·ci,:cta1ionnmnirnring11:insocct:111J1ci,:ct:i1ion 
no l a,soc s..sc:d 

\'c,:ct ■Uon 

No 1cm:s1ri:il Hl_lct.:11ion mnnituriuJ!. tr11m••C1 un.J vcp.ctJtio11 
no l:1ssc1,scd 

\'q:cl■lkm 
No 1cm:striJl 1cgcu1ion moni1orit11! tra.n!<cl 11nd 1c~c1:11inn 
nulos1oC1,scd 

VtttchratcJ 

Ccnln: for E001)'11<:"111 ~lan,ia-ncnl ECU. Joond.Jlwp 

Rate (m/ycar) :ind ma11niludc (m) of dcclinc I lmp:iclJ a~\Ociated with "alcr tl',iimc 
and ri.d,; of lmp:il'I knl (ROI) chani;:c and/or other dluurh:inrcs. 

Rrliahility oflnformatlon 

•SccQbo\c 

• Sccol:xwc 

• SccaOO\c 

• Sc:c:ll)(WC 

, Sc-c11bon: 

• Sc:cobme 

, Sc:c:ibu1c 

• Sccabol'C 

.Scc11lxi,e 

,Scc:ibo1c 
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S1u,lyufl,\llt, on lhc Gn• nvr• anJ hnJ.U.01 nu111n.J1 l.lnJcr Sc.:tion ~G. 

Suh-1,troup/ 
GDE 

Nqturclkscr•c• 
(llu,hfore>·.,.Sitc 

""'' Ellc11bmol.'. 
Nahm:lfrscn:c• 
(llu,h Forcn,·Silc 
3lll) 

Jaodal.ol 

/f,,rJ,,,, ,,,,complc.x 

\Valer n11,ime component 

Depth of 11,roundtnlcr (ncp:;i1in: ,·:due) or 1urfacc I Duration ofinund:ilion or walcrlo11,1dn1t 
waler (pojlll,·c nluc) (m) (monlh.\/)'C-Jr) 

Wcsecm Swamp Tortoise may rc-quin: 11 high degree of.10i l 
moi j!Urc during summer to sun·i.-c oc~ti\"ation 1111J 
i1111rilitinndufin_g,\ir11crl~prjn_g 
Vcrlchnlu 
Wei.tern 511':amp Tortoi~ may ri:quirc II high dcgrcc of r.:i il 
moisturcduringMimmerlosurvi\-cac~ti l"a.lionc111d 
inurwfalion Juring 11in!crl;, pring. 

JEl7C I \'Cj!ct•. lloo • 5 ~·e::r.r mean om! absolute ma. ... imum p;,rioJ o( 
(Uu,h!'ol'Cl·aSite in1111Jalit,n(mon!h -.'ye.1r) , 
J9l) £. rnJ11 - n1can 1.55,absolu!c 12(months 'yc::r.r) 

lhrryWcuing 
~hnupi:il 
l{cS(r"\"C• 

(llu1hF<>r,;vaSilc 
392) 

.\/. prduimm- mc:1n 0.6. ob:;olutc >l.-4 (months 'yc::r. r ) 

Virtd>raln 

IJn.,.,.,,,,J,•un Cc11lr<1I & S011/h Compfr.., 

JEI OC 

JMJI 

Cent.re ror l'.:o<,plcm ~(1,utaT1C11l ECU. Jo.ind.alup 

R:.ilc (m/yc:ir) and m1111,nltudc {m) of d«linc I lmp.u11 11uoch11ed wilh " ':ilcr r cp:i mc 
:ind rhk oflmJJ:icl kn•I (ROI) ch:an11,c :rnd/or other dblurhancN. 

• D,:clir~ in hc::il!h o( ll. liflr>r<r/u & H. ifidfoffr,. 
• Ixclinc in number hcal1hy £_ ntdi.f (o.l so 

imroc1.:Jbyinscc1s). 
• Decline in number hc:il1hy .\I. prd . ., i,111 11 nrt<l.lf. 

,h,.pf,iophyff11 
• lncrcnscinnumb.:rstrcs.,,:d/J, ul/cm1,1/rrltB. 

• DcclincinnbuOOanceofwetlandshrub sp:cks. 
• D,:clinc in soi l moi .~1urc 
• ExolicsdomiMkundrr..1on:,·. 

\'q:clallon 1 • Dcclincinhc::,J1hof/lmJ.:.11·,1 11'00dlanJ011 
PhrcatophyticJJun1.Tm11·oodlanda13-6mdr;pth to prll'ntcpror-,r1y. 
gnrnndwalcr; 
Low ROI - r:ilc <tl , J mlycar, magnitlldc <I .Om. 
Moderate ROI - r:i!c 0.l-0.25mlycar. magniludc I .Q.. 
1.5m. 
llighROl - ratc0.25-0.5m'yraL m:il!nilude 1.5· 
215m. 

Rcllabillt)· of lnform:i.lion 

• Sccnbo\·c 

• 11::r.bil::r.l type and species prc)<nl arc l:irgcly 
ur,Jcsi: rib.:d . 

• EWRs canno! be dctcr,nincJ for 'ncll"' lcrn:stri:il 
l'cosystcmsduclothcnb,;.c:nccofhydrologicnl 
da!a. 

, Water rcquircmcnll arc nppm~in1:i1c :u further 
\·a.lid.:i~on is required. 

• Jla bil.11 tyr-, 11.11d :q-,ccics prl'sc:nt arc l:irgcly 
undcsi:rib.:d. ' 

• Thchydmlogyofalcrrcstria!sitcisbcisc.lon 
waler lc\"Cls as mc:isurcd ot ground\\'.:atcr 
monitoring ~n:s.. This docs not rcr,rc s.:111 tl1c 
, ·lll"i:ition in lopography n1Kl ils impa.:-1 on 
ground\\'alcrlC\"clsncn,ssa.si tc . 

• The spalial an:a of \'cgcblion rcpn: .scnlcd by 
cachborc isnotddincJ. 

V,1:cl1llo11 [ • l'rfrotc rrorcr1y , ·rgda.~on hc.:a,·ily modjfi,.J . f • S,;,c nb1we 
PhrcalOphy~c /Junbiu woodland ol J.6m dr;pth to 
gro11ndwa.1er. 
Low ROI - ralc •c0. lm'ycar, m::r.~niludc < l .0m. 
Mtxkratc ROJ - r:itc 0. I-0.25mlyear. magnitl!dc I .Q.. 
1.5m. 
iliBhROl - r::r.tc 0.25-0.5m1ye:il m:iBnitudc l.5-
2.25m. 



StuJ) o rE\l.l h ""the <",1unp 1a anJ lu,J~\.,>I ....,..,..i, l ·rukr S,:,:-11,1n .C6. 

Suh-11roup / 
GUE 

Walcrn.1,tlmc("fom1win cnl 

fl ~AI. 

llt·pth of szround,1a1er (nr11,:a 1ln- ,·:i lur) or surfare I Dur:a tion uf lnund:illon or watc:rloi:~ln11, 
water (podlin~ ,·aluc) (m) (monlh tJrear) 

JM l'J11lu,h 

JMJ5 
Cllu, hFurt'\a- Silc 
~.U ) 

JE.!C 
(llu,h l"u1c,·a Sile 
_1.UJ 

JM7 
!llu,hFort'\·i:rSilc 
~iii) 

JM8 
4ll11,hForc\·a-Si1c 
,~it 

JM~S I \'ci:.cl ■ tloo • S ~car mean 11.nd absolute maxi mum r,;:ri ....:l ur 
IIJ11,hfort'\~Silc inunJ11.1i11n(monlh.~1,cJf) . 
JUI F.. mJi., - me.in I.SS. :ibsolutc I? (munths )t.irJ 

""' 

.\I, prd,31mi,1- mc:m O.<,. abSQlutc .i..i (nwnlh.~ yc.i rl 

\'q:ct•lluo - S year me.in ::mJ .:ibsohnc m:iximum p,;:riL.J or 
inu11Ja1ion(monlhs'~·cnr) . 
f:. r,11fi1 - mc:111 I.SS, 11 bs,;1lu1c 12 tmonths'yc11 r) 
.11.pr.·n.,ian" - mcAn 0.6, 11bsolu1c .l.J (monlhs'~·c.ir), 

t'.:rntrc for E,:,ny,l.crn ~L•na ranml ECll. J""nWl~r 

lbh· (m/yl~.ar) and masznltudc (ml of ckrline I Jmparh :u.wdatl-d ,,ith w:11cr rc izl me 
and r hkofimparl Jcwl (ROI) rhanszc anrllor olb rr dblurbancl~. 

Rcll:ihllit)· ofln fo rmat lun 

, ·,1:i:111k,n 

\'q:rt•llon • lkdincinhcalth of rcmn:ui!/lmi.l•i<1woo.Jl:md. f • S<c11bo1·c 
l'lm:111ophytic 1/mJJ..,,., \\ooJbnJ ol J-6m ik[>lh lo 
gmum.l\\'11lcr, 
Low ROI - ru le ·-0. lm ~car, m.:igni11i.k ·-l .0111 . 
M,xkr.i1r RO I - rn1i:0.1-0.2Sm1yc;)r, m;)g11i111<k 1.0. 
I.Sm', 
lligh ROI - 1:11c U.2S-OJm ~c.:aL m.:ip.n.iuiJc I.S• 
2.2Sm. 
\'Cj!clllkm 
l'l11c.:1101•hytic Hm,Jai11 \\1>t-.J b11J 111 ] -C,m dc:[>lh tu 
grow1J11.:ikr, 
Low ROI - r.ilc --0. lm'~c.ir. m.:ignituJc <I .Om. 
Modc:r.itc ROI - rntr 0. l•0.2Sm'yc.:ir. mJgnitu.k 1.0-
1.Sm. 
lli gh ROl - r.:i1c0.2S-O.SmycJLmap.nitudc l .S• 
2.2Sm . 
\'q:c tallon 
I'hrc.:itorhytic H,mk.,iu \1 1.11..JlonJ ot J-6m dc:p1h 10 

grl)undwa1cr. 
Loi\' ROI - ralc •.0 .lm 'yc.:ir. m:11.uiitudc -:: ) .Om 
Modcr:ilc ROI 1.ilc0.l•0,25111 \ c:a r. m:1F1iituJc l .0-
1.5m. 
I liFh ROI - r11lc 0.2S-0.jm ~-c.:il n1.ii:.1ii1oJc 1.5• 
2.2!!1.1. 

• lkdinc in nombcr ofh,;:il1hy .II. pr.•i..,iim•a and I • !-i,:c ahmc 
R. ili<ifolia. 

• J.o,-.~ of R. lmoruli., rrum \CFcllltion tran~d 
• Dcclinc in numbcr or hc:ihhy R. 011""""'" ;mJ 

B. m.:,d~ii. 
• Decline in numbcr orhc::ilthy JI. rh,q,hiuphyll" 

51cm~ !iincc 19'-J7. 

• 1:. r,uh, ond .If. prdJ.1i1m11 imfQt lcd by I • Sec ohtwc 
FNU 11dwa\crlcvddc:clincA11di n<.ct1all11d:. 

• Rcccnldcaths1111J1·iuic.Jco11di1i11110f8. 
ilici[ofia 1111dH. a11.:t11tult1 , 

\"ci:.ct•tk)o 1 • S1rcss ookdino,·crsiorcy orbr1!CF.. n,Ji1onJ I• S<c:ibo,c 
l'hrcalophytic /Jmibiu 111>oJIJ1kl at J-6m Jcp1h lo .II. pr,ttui<mo in vic inity. 
l!!OUndwotcr. 
Low ROI - rote -:0 . tm'yc:ir. m:1_!1ni1oJc < I.Om 
Modcr:i1c ROI - rnlc0. l-0.2Sm'yc:a r. m.:igni1uJc 1.0. 
l .jm, 
I lip.h ROI - ru1c 0.lS.-0.Sm ')·c.il m.ip.nitoJc I .S• 
2.25m . 
\'C"!!ct ■ l k,o 1 • 11. ;/i,:ifol/,.. ,\l. µr.•Witi11u. 1:. mJ/J :md/l 
l'11rc.1 lophytic HmiJ..1 i11 ,,ooJ l.:iuJ .11 J-6m Jc:[>lh to ,m,•mwt,1 show s~:mploms of dhlUfhl slrcs~. 
ttmond\\:ilcr: 
low ROI - r.1tc · 0. lm ~e.:i,. m.i p.11i1uJc ·- I.Om. 
Moder.lie RO I - rnlc 0. l•0.2Sm'ycJr. m:i i;nituJc l.O. 
I .Sm. 
ll il!h ROI - r.:ilc 0.25-0.Sm 'yc:i l m:ifniluJc I .S• 
2.25m. 
\'ci:.rl•lkio 
Phrc:ilophytic llm~fo 1,1>0JlanJ :11 J -l,rn Jc:[>lh lo 
gnrnnd11n1cr. 
Low RO I - ra!c <U, l n1 ~cll r, m:i)!nituJc -: ].Om . 
Modcr.itc RO l - ulc 0. I-0.2Sm'yc.i r. m:irni1uJc I.O­
J.Sm. 
lli_!lh ROI - r:i1c 0 .2S-O.S_m _:- c.:i l m.:111.ni1uJc I .S• 

. scc11bo,c 

• S<cnb.wc 



1 

1 
l 

Ii 

S1udl' uf[\\'RJ "" lhc Grun!u• 1nJ Jand•lot moonJ, L:nJcr Se.:lion 46. 

Sub-group/ 
GDE 

HMJ 

JMJ9 

\\':lfcr rl'l[imc romponcnl 

Drplh or gro11ndwalcr (nr1talln n1. lur ) or .,urfarc I lhirallo n of Inundation o r wafrrlo11,1tlng 
WIIIU (p(Hlli\'C• \'a luc) (m) (monlh.V)'l'll f) 

North l..akc• I Vq:el1lk111 
(IJ1u h Fum ·a Site No i.:m:si rfa! n gcl.:llion monitor ing tr:inscc t and 1·cgc1111ion 
2.1.1) no l 11sscsscJ 

llihra Lake" 
(D,,,hforcvaSilc ,.,, 
South Lake• 
/llu,hFurcvefS i1c 
2~) 

t-.fandogalupRd 
Ilui.lll:u1J• 
(D u,hforC\·aSilc 
2GS) 

ThcSpcct:icks• 
[llu,hforcn:rSitc 

"'' S:intl\'L11.h" 
\l)u,h FurC\·crS~c 
270) 

Sicklcn,ureRJ 
DuYll:111d• 
(flu1hF0rcvaS ~c 
272) 

VL,:t11tlo.11 
Nolcrrcst ri3[\·cgcl.:ll ionmoni1oringtr:inscct undHgct.t11ion 
1MJt:isscsscd 
Vq:ct■ t lo.11 

Notcnntri311cgct.1!ionmoni 1oringtr:1n!ic.'ct:ind 1·cgct.:11ion 
nolllSSC!iSC d. 

V~cl1llo.11 
No km: S1 ri11I 1·cgctition mo11i 1oring tr:u1scct 1111<1 vcgct:ilion 
not asscs..'l<:d 

VC'l:1:l•llob 
No terre..t ri3l1·egc1.:11ionmoni1oring lrunscct11nd,·ei:c1:i1ion 
nolasJ;Csscd 

VClcl•lloD 
No tcm:..tri~ I 1·egcution moniloring tr11.11 scct 11n,d , ·ci:ct11. lio11 
ootass.:s-,cJ 
VC'l:1:tatlon 
Nu tem:..tri3l ,·c1,ebtion moni!orin11 trnm;cct and , ·cgcto1ion 
nol n so scJ 

Casu.1rin.11'ri son I Vqiclallon 
1luY! l:1J1d" No tcm:Sl ri ~l 1·cgc1.:11io11 rnon itorin~ 1r1111 s,,: ct 0.11<1 l'cgcl:ilion 
(flu ,hForc,.·aSitc llDI IISliCSSCd 
27JJ 

Crnlrc for l:1:01 y,1<:m M:11ueannil l1C l l, JoonWlup 

Rate (m/yc:ir) :ind mainltudc (m) of 1kclinc I lmpar1., aJwd;atcrl wil h w2ler r r1tlmc 
:rnd r bk oflmp:i.cl "-"'d (ROI) ch11n1tc :m,Vor o ther dblurhanccs. 

Rcllabllit)' oflnformal lon 

2.25111. 
\'<,j!dallou 
P11re.:itophy1icHunk.Jia\\oodbr,J a!J-(undc:pthto 
11ruundw:i1cr: 

• B, /it1or<Jfi1 ' .ll. pr"i.JJi,,1111woodlnmJ.wcctly I• Sccabci\·e 
undcrstorcy 0 11 priv:ilc pmr-:rtY opposilc prl\":itc 

I.ow ROI - rate <O. Jm1yc:ir, ma~nituJc <:: I.Om. 
Mo.krolc ROI - ralc 0.1-0.251111~·car. m.:ign.ilixlc I.O­
J .Sm. 
1 lip.h RO! - r:iic 0.25-0.Smiyca~ m:ip.nitudc I .5-
2.25m 

lllllJ \()()m \\C~I ofinbcl Ow,J.,ia \\'OO,ll:inJ. 

VL1:d•tlo 11 I • lnvicinity t1fi11L1c1Jld,d.:11c'111ooJ1111iJ. 
Phn::ilophy1ic Bmil.,/u 11·oodla11<I at 3-(,m dcp4h lo 
g11111mJ,1·111cr; 
Luw ROI - ralc <O. lm'~·c.:ir. m11gni1uJc < I.Om . 
Moderate ROI - rate O. l -0.2Sm 'yc:ir. magnihxk I.Q­
I.Sm. 
lligh ROI - rate 0 .25-0.Sm'ye:il m3gni 1iidc I.S-
2..25111. 

• S.:~11l,,.11·c 

•llabi1:it typ: lllld SJ"!Xics prcscnl ore lrugcly 
undcscribcd 

• EWRs camxil be dctcm1incJ for ' new" tnrcstri.:il 
cC0))')1cnud11Ctolhc11bsc:nccof hydro logicaJ 
d:ila. 

0 Sc,c11borc 

• Scc11bo\"C 

• ll11bi 1111 lyp: 1111J spec ie! prcscnl :ire lar,!cl~­
undcscribcd. 

• EWRs c:U11MJI be dclcrmined for 'new' tcm:stri:J 
ccosystcms J ue 1othcabsc:nccofhplrol~ic:iJ 
J11t:i. 

• SccllboH 

• Sec 11bo,·c 

•Sccabo1·c 

• Scc11.bo1·c 



Stud) or E\111., "" 1hc c .... ,.e•u and hnd..l..:1 ..,.,..,.J, l 'nJcr k>;ti.>n ~6 

~uh-11;rou1, 1 
Gilt: 

Waler rq:imc romlton,·nl 

1-lS,\I , 

Ucplh or around1u l4:'r (n,·11;a 1ln ,·:aluc) or jurfacc I Uur:aliun orinundalion or '1:altrloiutlni: 
,n 1rr (pojJ1h·c nluc) (m) (monlh~yc:ir) 

WanJiN:iturc: 
l(c:sc:nc • 
Cllu,h!'.,,o:'l cr S~c 
H1l 
11:irtiur 
llusl1la11d" 
(llu,hl'orcn,Si1c 
~{,~) 

~ngN11LUTC 
Rcscn·c• 
(llu,hr1>to:'lcrSi1c 
HSI 

\'ri;:, t•Uun 
Nu tcm:~lri:il >c:~cbtion muni1ori11 11, 1r:1.11,;,:,:1111d 1·0:11,0:t:ition 
,~11 11~-es,;,:d 

\ '11:,• telltlll 
No 1crrc~1ria11c~cL1lim1 nwuih,rins Lr11nscc111 11.J 1·csc1a1i c, n 
1111111~'<~-.( J 

Colt.'.llo,: Ct"ntwl & Soo,tl, Campi,:., 

JM16 
(llu,hF,:,1o:'l·crSilc 
H.l) 

Sou/h ,:rn Ri...:, Comp/t~ 

JM l-l 
(llu,h l'un.."''"' 5~~ 
)89) 

l'r11.;c1RJ I \ "c,:.., lelloa 
IJ1nhl:ind• Nn 1r=Mri:i.l 1·rl!,c!.11Kln monitorinp: lr:in«ct alld \ CFCbli,111 
10u,hFvlC\C1 S1tc n,110"-'<~'>CJ 
.t\ill1 

l'i11 n11No.1un: 
kci<11c• 
lll u,h fulC\ cr Silc 

ill.! 
Ansh.,~ /Kc::inr 
J .:unrlnnd• 
111 11,hFo>tt'\·a Silc 
H21 

\'~cleUou 
No lcrn:stri:d •CFtl:ltinn moni101i11p; 11:lll!il.'CI 11nJ \Ci!Cl11lim1 
OOI IIS'>C S.'>CJ 

\ \,:cl•llun 
Nn trm:suUI \C: f Cl:ltion nmnitorin@ lfomccl 01MI \C'!lt'l!llion 
0010.\'<M.Cd 

Ccnltc for E,xn plem ~br11!anrnL EClJ. Joon.bl up 

R:al4:'(mlye:.r ) :ind maRnhu d4:' (m )or d«linc 1 •n11,:1co :u\Od:accd nllh w:a ll"r rc51imc 
»nd rbk o rlmp:.1c1 l,·nl (ROI) change and/or olhcr dhturh:ann-:.. 

\ '~i.Uon 
l'hrcawrhy'lic H«Mti<I 1ui,o,;ll:111d Ill J-6m ,kp1h lt1 
1!,IUUndwalcr; 
1.o,\ ROI - nlc -:0. Jm ) r:ir. magni1uJc <I .Om. 
Modcrntc kOI ralc 0. l -0.2Sm ~ra r, m:il!,niluJc: I .O­
J.Sm. 
I li l!,h ROI - r:11r 0.2S-O.!io1 yraL m.:i f ni1uJr I .S-
2.25m. 

Rcllahili1,-orlnform:a1ion 

Sc-cab.we 

• Sccabmc 

• ~c~ ab,wr 

• Wo!cr fnJuifcmcnl:f iuc 11rrru.Qm:i1c u funhcr 
\:ali iblim1is1niuircJ. 

• lfobi1;i1 •~re .,,J )('C"CirS l'f</:,C:ftl an: l:11gd~ 
undtsrribcd 

• Tho: hrJrolu1ff o f 11 1rnr~tri :i.l .ii1r is lu,i.cJ on 
\\lier lc1·cls o., n\CllsurcJ OI 5"munJ1..,111cr 
moni1orin11 boro:i. This d~ s nol repc:<111 lhc 
\:iriotiuni111oro1nr,h~· anJi1sin1,.x1"n 
11mundwolc:f lc1cboch~ ~ 11 si1c. 

• lnc s~tilli orcaor\cFtL11io11 rrrn:sc:nkd ~ 
r:rchburris noldcfincJ. 

\'q:elalk,11 
l'hrc:itophylicHmlA.11"1111voJ!:11ida1J-6111 Jcp1h 1n 
1,11\lll!ldl\Olcr, 

• E1iJc111:c of im~cl n:cc:ntlkothi uf H. I • Src 11b..>1c 

Low ROI - rule -.0. l m')'C:11. magni1u,k -.. ].Ont 
MoJ,: r:rle l(O] - 1111c 0. l-0.2Sm '1•cu r. 111:iFni\11,k 1.0-
1.Slll. 
lliFhROl - t:ilc0.25-0.5m ycal m11Fni1uJc 1.5-
l.lSm . 

u/lc111wt,~ ohkr Jc~1hs uf B. 1/,r:ifuliu. II. 
◄ 11/c,u,. ,1,, 1111J n. n,,:u: i,•,1/1, dryi1 1F of II . ,•f,·i.,m• 
inun,.krsLon:y, 

• lkclin,: in numt...1 h.:ohhi· .I/. 1ir,•mim1u. 

• lbbil.1.1 1~r,: :uiJ ,ra:ks rcc...:111 1rc-l:111td) 
unJc:).C rib,,:d. 

• EWk s c11111ait be Jc1crn1incJ for ·nc" · l~)llial 
« u)~ ~rm) J u,c 10 \he ob!.c:ncc orh~dwl<lj'ico.l 
d,"· 

• Si:c11bo,c 

• Sc:Cllb.l \C 
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l 
·1 

L 

L 

StuJy orE\\ll, on the Gningu, ,nJ h11J.J.ot mound, l lndor Sc~tion ~6 

Suh-Jl. roup/ 
GUE 

\\'111crref{lmccomJK1ncnl 

1·1NAL 

Depth or 11roundwalt>r (ncJiafil·c ,·aluc) or surface I Duration orlnund:olllon or w11crloJ1,1tin1t 
waler (po1lth·c ,·:due) (m) (monlh.V)'l'U) 

lblannur• 
(llu,hFora·crSi!c 
-ml 

Vq:clalloo 
No lcrrc S1ri11. I \CEcbtion monitoring lr:mscct an.I ngct:ilion 
ooluscss.ed 

Kurr11l·<J/lll G:11trul & Sou/I, Comp/~ 

Y11.ngcbup & I Vq:cl1tloo 
Link Uush No l.:rrcSlrbl \'tgct:llion monitoring 1ranscc1 1100 n:gc111.1ion 
Ulkcs" oot:uscss,:-d 
(il1uhForc,.·crSilc 
2~1 
l'om:stdalcl.akc" I V~cl1lloo 
(D1uh Forn·<l'S~c No Jcrre.st rfal 1·cgcta!io11 monilorin1t lran!iecl qnJ \'tgcl.1!Lon 
~J,) not as!iess.:d 

IJASJ:-FLOW SYSTI::\IS 

Gin11,iullroot • 

lkn11c111lroot• 
P ?J756J76n 
.l?J286476,0) 0 

\'C1;"1•tlon 
NongcL11ionmonitori1111,tr.1ns«lo.nd\·cgc t.:11io11110\ 
ns.,;csscd. 
\'crkbnln 
Fi~h • needs lo be ~m.:1ntnlly inund.i!cd for fah - crilical 
minimum tlllcshold dqllh for su11·il"l1l not known. 

\''1!,cl•tlon 
M. rlwplriopJrJ#aoridf.·. nidiJ 
\'crlcbulcs 
Needs to be rocmrn11ently inund.11cd for fish - howc\"Cr. couhl 
rc:cc<lc to isnbtcd r,:rmnncnl pools O\"cr summer. Western 
Minnows mi@ralc ur,strcan1 lo breed in winCi:r. Winier 
nooJing cre.11e1cxtcnsi\"c s11·.1n1pi for fro g.~. 
~lacrolanrtchnlcs 
The b l01rn SfGlial 11.nd temporal h:ibilcll hc!crogcneily 1\ill b;: 
m.1ir11~ncd bycnsuriug the follcming mi;,; of\·cgc«alion 
n5Sc:mblages p:r..ist; 
Submcrgcnt - rrquirc, inunJ.11ion according 10 ~p:cific.1tions 
ofJ0111in:mttaxa. 
l.:mcrgent-requircs inu111b!ionaceonling1osp:cific.1!io11sof 
domimmllaxa. 
l.iltoral - rr(]uirr1inundation:iccorJingtosp:cilic:i«ionsof 
domin.:1111111..,,;o. 

\'crh:bnlcs 
Fi.1h - p:m,ancnll)' inunda!cJ. 

\'c:rlebrala 
Pem1:l!lenlly inu111btc<l for fi~h - however. could recede lo 
isol111ed p:nmincnt pools O\"Cr .\.Um mer. 

(JuffitirtlOt• 
(~TTJ?li~25)9. 
JU9'6'276J, 
;tSJ,~6'2772. 
:i82.116Jl'J2lt t 

Vt1!,cl1tlo11 I \'crlcbralcs 
J87"%5253'J • .I/. P"'i.uimu1 . .\1. rlwphiopliyfl" 1111.:l E. null,. Fish - p:m1llllcnlly inunili.tcd . 
J&JB565276J · .I/. proriJ.,io,m . .11. rhfJ/,hiophyfl,, 1100 B. 
lirloroli,. 
Jl/,(J46J2772 -.\/. prcWimm. M. rl,uphiopl,y/111. B. lilloraUr. 
t.·. m,/iJ,nd.4.f,udculori,. 
Jll2Jl65292II• M. prtWiu1111. M. rlwplriophJll<1 nndA. 
fu.,cicu/ari.J. 
\'crtcbralcs 
Fish-11«ds tnb;:pc,rm.11icntl\"inunlblcdforfish - cri1ic:il 

Centre fo r E.:o•)"•l=i ~l:an•ganml ECLI. Jo,.,ndol"f'I 

Rate (m/yc,ar) and m1111nl1udc (m) of d«linc I lmpacl1 iuJ.Od:llli:d wllh m1IN" regime 
and rhk oflmp:icr kn:I (ROI) chan11c ud/or other dhlu rb:mcc,. 

\'rrlcbnlcs 
Ralc of lkclinc not known - foll uc mobile and co.n 
prolxiblywilhstandrc:ison.1blyrapiJn.1lural declines. 

\'crlcbralcs 
R:i«cofdcdincnottocmn - fish orcmobilca1idc11n 
prolxiblywi1hs1:indrc:1501111bly rapiJnRIUraldccli11cs. 

\'crlcbralt-1 
Ra!cof&:clinc no1kno1111- fi sharcmobi leonJca.n 
probablywithSl.clndrcason11blyr:1pidn31Urnld~lincs. 

• lfo!lowed torcccdctni!i<lfatc<lro:,lsin summcr 
thcrcisincrc11..'IC'drid;Mfish srccics losscs if 
occidental dryin@ occur., or poorw111cr quality 
c11uscJfiJidcatlu(i.e.c:itchmcnt-rcbtcdiswes 
su,chucutruphication.deuing,scdimcnl.:llion 
Ciel 
• [f QIJowcJ lo recede to iMilalcd pooh in summer 

1hcrcis incrc11scJ ri stof5J>CCicslosscsif 
accidcnlnl drying occuri or poor waler quality 
cmuscs fish dco1lu(i .c.c:ilchmcnt·rcb1cdissue!I 
su-.hucuJrophie.1tion.clcnrin@.!iCdimcnt:r.tion 
etc). 

• Jf11.1lowcd lo recede to i~la!cdpoolsln summer 
1hcrcis incrc11..-;cdristoffishspccicslos!iesif 
occidental drying occ1.1.a or poor waler q11:1li1y 
causcsfi:Jiduths(i .c. c~lchmcnt•rdQlcdissucs 
suc h oseutruphic:ilion.clc:iring.:;.:d imcnution 
C!C) 
• Vegctotioninexeellenltopristinccondilion 
despi tcrcccn1fire1U1d somcwccdi111·0sion. 

Rcllabllil)'oflnform:i.llon 

• Srcalxwc 

• Scc11.00\·c 

• Sccobo\"c 

• No1..:nn:ine11l\"CJ!e lationmonitoringtr11nscct. 
• Sr,ccilicsi1eco1iditions1h:ilmayinflucncc 

gru1.111dw111erdcp:nJcnccll.fCno1co11sidcrcd(cg 
sll":iligraphy). 
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H:>;AI. 

l>qilh nr,troundwaler (11\:'K:111\·e , ·11Jue) or 1urr11t'l· I Duration orlnunda lion (lr wi11erloJ:KlnJ1 
waler (f,odth·t' ,·a1ue) (m) (monlh.\/yl~.1 r) 
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Ca,cu111.ol 5 1• 
(YN5551 · 

Orpheus C:11e• 
IYN256) 

J.xl.:h:unm.:r 
Ci,·c:•1YN-OII) 

. \11crolonr1t·bnll"I 
Wat.:r b..Jy is :1 s1:1nJinp. pr~ol ofexpos,;J "alcr tprcsurn:ihly 
e'<lcnJs into !Joor ofca,c:. \\·i1h 110 pcr,;cptibk nows). 
r.xccssi,·c: dcdinc:s in lei ch ore l.1101111 tu c:.~J"-'Si; ~uspcnJc:J 
r,1(1\111:1h\\hichtl1cnJic-uff:mJ Caunaan:lusl. Thcrcfon:, 
requires ~table waler ]e,·cls . Do 110 1 lm1111· A III ) of 
borcs 'k1cls tnad1ic1cthi :1 . 
W,1,.,rc1u1llly 
Sublc ,1:1tcr11u.:ilit~ in krnb ufpll. IX) a11J 1c111r~:rntu1c, 
wi1h minimal dicl. scason.:il o r 11m1u31 l '!lri:11iorl showinp. 
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Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

2.2 DETAILED EWRS 

In this section quantitative EWRs are described for a subset of GDEs for which the required level of 
information is available. These GDEs include all wetlands, mound springs, terrestrial vegetation sites 
and caves identified in the 1991 /92, 1995 and 1997 reports and ' new' GDEs for which it is now 
considered appropriate to describe EWRs. Where possible water requirements are described to meet 
the management objectives described in Task I . For example, two of the management objectives for 
Loch McNess; ' ... minimise the contribution of groundwater decline to . . . support good populations of 
waterbirds . . . ' and ' ... minimise the contribution of groundwater decline to .... support diverse fish 
species ', will be addressed through the determination of water requirements for macro invertebrates and 
fish. 

The information presented in this section not only describes the water requirements of individual 
components of GDEs (vegetation, macroinvertebrates etc), but provides comments on the likely degree 
of dependence of each system. Hatton and Evans (1998) recognised five classes of groundwater 
dependency on groundwater as follows; 
• Ecosystems entirely dependent on groundwater - communities where only slight changes in key 

groundwater attributes below or above a threshold would result in their demise. 
• Ecosystems highly dependent on groundwater - communities where moderate changes in 

groundwa'ter discharge or water tables would result in a substantial change in their distribution. 
• Ecosystems with proportional dependence on groundwater - these ecosystems exhibit a 

proportional response to changes in groundwater attributes rather than the threshold responses of 
the more highly dependent ecosystems. 

• Ecosystems with limited or opportunistic dependence on groundwater - groundwater appears only 
to play a significant role in the water balance at the end of the dry season or during extreme 
drought. 

• Ecosystems with no dependence on groundwater - these ecosystems may appear to be 
groundwater dependent, but are either entirely rainfall fed or dependent only on surface water 
flows . 

To adequately describe the water requirements of an ecosystem the water regime in which it operates 
should be understood (Evan & Clifton, 200 I). To access the current water regime information is also 
presented on the following; 
• Processes for which water is required - consumptive uses, habitat or biophysical processes. 
• Source of water used by the ecosystem - groundwater, surface water, soil water or rainfall. 

The water requirements of all groundwater dependent ecosystems are described based on the best 
available information . 

WETLANDS 

EWRs for wetland vegetation are based on the mean water depths of common wetland species as 
presented in Table 2. For each species listed at each wetland, the mean minimum water depth (m) is 
subtracted from the minimum elevation (mAHD) at which that species occurs at the wetland. For 
example, the mean minimum water depth of M. rhaphiophylla is -2.14 m and at Lake Joondalup it 
occurs from 16.8-19.0 mAHD. Following the appropriate calculation ( 16.8 - 2. I 4) the minimum water 
level required to maintain M. rhaphiophylla at Lake Joondalup is 14.66 mAHD. If required, a 
maximum water level can be determined by adding the mean maximum water (m) of a species to its 
maximum elevation (mAHD) at a wetland . 

Minimum elevations have been physically measured across the permanent vegetation transects at the 
13 monitored Gnangara wetlands. However, elevations at the monitored Jandakot wetlands have not 
been measured and can therefore only be based on the presence of species within transects of know 
elevation. This approach cannot be applied to wetlands at which there are no vegetation transects; Loch 
McNess, Pipidinny Swamp, Lake Gnangara, Ege1ton Springs, Edgecombe Seepage, Lake Forrestdale 
and Lake Yangebup. There is also insufficient information to describe EWRs for ' new' wetlands (those 
not previously identified in the 1995, 1997 or 1991 /92 reports). 

Centre for Ecosystem Management, ECU, Joondalup 
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There are a number of limitations and assumptions to this approach: 
• Wetland species depth ranges are based on extrapolation of surface and groundwater levels across 

the length of the monitoring transects rather than actual measured depths to groundwater. 
• Vegetation has established under a different water regime to that which currently exists. Without 

information on age class stru.cture at individual sites it is not possible to determine under which 
regime tree root zones were set. Older trees may have established 20 years ago, younger 
individuals 3-5 years ago. Although older trees may have been lost, populations may persist due to 
recruitment of new plants under new conditions. · 

• Depth to groundwater contouring for 2003 as provided by WRC was significantly different to that 
provided by Water Corporation for 2000 and did not appear fully representative of groundwater 
depths measured at some bores and staff gauges. Discrepancies were also noted between the 
location of known areas of very shallow groundwater and surface water ( eg Gingin Brook) and the 
levels represented by the contouring. These limitations were also identified by the WRC. 

• Assessments of level of groundwater dependence of 'new' wetlands are only as accurate as the 
groundwater contouring provided. 

• A number of wetlands previously considered to be groundwater dependent (Froend et al., 2002) 
now appear to occur at depths > 1 Om to groundwater which may indicate perched systems or 
significant drawdown. 

• Predicted responses to drawdown do not consider specific site conditions (eg. stratigraphy) or 
influences ofother impacts (eg. fire, dieback) . 

Description of EWRs for waterbirds and aquatic invertebrates and vertebrates are based chiefly on the 
permeance, and, depth of surface water required by species either known to or expected to occur at a 
specific wetland. Depths are often based on those required to inundate emergent macrophytes known to 
provide habitat or food for various fauna species. 

Consideration is also given to the likely degree of groundwater dependence of fauna known to occur at 
a wetland. With the exception of primarily aquatic species that occur in groundwater dependent 
wetlands (fish, frogs, turtles), the dependence of fauna upon groundwater is largely indirect. EWRs 
required to meet fauna! needs are therefore difficult to quantify as fauna dependent upon vegetation 
that itself may or may not be groundwater dependent. These varying levels of groundwater dependence 
of fauna can be reflected by assigning species to one of four categories as below. The use of categories . 
in this manner applies unnatural constraints across a continuum of dependence, but helps to recognise 
patterns and identify species of particular significance. This process was carried.out for the vertebrate 
fauna of the study area in what must be recognised as an interpretive and to some extent subjective 
exercise, based upon available information and personal knowledge of the habitat requirements of each 
species. The categories were as follows: 

I. Low dependence upon groundwater. This was applied to species that occur primarily in 
upland habitats throughout the year or which show no special preference for groundwater 
dependent vegetation. Changes to groundwater levels are unlikely to affect such species. 

2. Moderate dependence upon groundwater. This was applied to species that make some use of 
habitats that are themselves moderately dependent upon groundwater, such as vegetation not 
closely associated with wetlands but in which major components are groundwater dependent. 
This was also applied to species that make seasonal use of vegetation that is moderately or 
highly dependent upon groundwater. Changes to groundwater levels would affect these fauna 
species, at least insofar as the vegetation assemblages upon which they dependent wholly or 
seasonally are affected. The effect may be for both the vegetation and the fauna to move 
lower in the landscape. 

3. High dependence upon groundwater. This was applied to species that are dependent upon 
phreatophytic vegetation. Because this vegetation occurs low in the landscape, a lowering of 
groundwater could cause a reduction in habitat area rather than shift in its position in the 
landscape. Associated fauna species would therefore decline in abundance or disappear. 

4. Very high dependence upon groundwater. This was applied to species that rely on aquatic 
habitats in wetlands and that are therefore likely to become locally extinct if a fall in the 
groundwater level leads to the disappearance of surface water in wetlands . 

Description of EWRs to maintain sediment processes follow comments made for general EWRs. For 
those wetlands for which basin bathymetry is available, minimum water levels have been determined. 
These are based on an assumption that organic sediments will remain saturated/moist if the 
groundwater level does not drop more than 0.5 m below the ground surface. 

Centre for Ecosystem Management, ECU, Joondalup 
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G11a11gara Mound 

Loch McNess 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise t_he contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Undisturbed wetland with largely intact vegetation . 
• Good populations of water birds and acts as drought refuge. 
• Excellent water quality. 
• Very high macroinvertebrate species richness . 
• Supports diverse fish species. 
• Wide diversity of habitat types. 
• Large body of permanent water with very low seasonal variation in water levels . 

2. Groundwater dependency analysis. 

Although Loch McNess receives rainfall inputs and has a permanent surface water component, Clifton 
and Evans (200 I) described permanent wetlands of the Swan Coastal Plain as entirely dependent on 
groundwater. It is therefore highly likely that the wetland is entirely groundwater dependent for 
biophysical processes, habitat and consumptive use. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 6.95 

b) Water requirements for ecological components of GOE. 

• Vegetation . 
As there is not a vegetation monitoring transect at Loch McNess, a minimum groundwater level cannot 
be determined following the methodology outlined above. However, comment can be made on the 
water depth ranges and period of inundation experienced by wetland species know to occur at the 
wetland. 

Loomes (2000) described the 5 year mean and absolute water depth ranges (m) and duration of 
inundation (months/year) for the following species; 
• M. rhaphiophylla - mean 0.006 to -2. I 4m, absolute 1.03 to -4.49m; duration of inundation - mean 

2.15, absolute 9.4. 
• E. rudis - mean -0.7 to -3 .26m, absolute 1.03 to -6.44m; duration of inundation - mean 1.55, 

absolute 12. 
• B. littoralis - mean -0.39 to -1.92m, absolute 0.43 to -3.09m; duration of inundation - mean 0.3, 

absolute 2.8. 
• B. articulata - mean 0.28 to -I .22m, absolute 0.81 to -2.59m; duration of inundation - - mean 3.26, 

absolute 12. 

Further to this, as the wetland vegetation is in excellent condition, the current water regime may be 
adequate to maintain vegetation values. Current EWRs are therefore likely to be appropriate. 

• Waterbirds. 
Loch McNess supports a number of waterbird and wader species known to be highly groundwater 
dependent. These species generally require permanent surface water with some fluctuation to provide 
seasonal variation in depth and shoreline. However, as there is little seasonal variation in water depth at 
Loch McNess, surface water permanence is likely to be of greater importance than shoreline areas to 
species found at this wetland. Therefore maintenance of the current (2003) water regime should be 
sufficient to maintain waterbird values at Loch McNess. Current EWRs are therefore likely to be 
appropriate. 

Centre for Ecosystem Management, ECU, Joondalup 
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• Macroinvertebrates. 
Due to the importance of vegetation assemblages as habitat, vegetation EWRs can be considered a 
surrogate for macroinvertebrate EWRs. Submergent species, emergent species and littoral vegetation 
are likely to be important for habitat at Loch McNess. As discussed under vegetation, there is no 
vegetation at Loch McNess and it is therefore not possible to describe a maximum water level. 
However, as the vegetation surrounding the basin is in excellent condition, the current (2003) water 
regime may be adequate to maintain vegetation and therefore macroinvertebrate values. Current EWRs 
are therefore likely to be appropriate. 

• Vertebrates. 
Loch McNess supports fish and frog species and Rakali (water rat). All species require permanent 
water with seasonal fluctuations also important for frogs and Rakali. As there is little seasonal variation 
in water depth at Loch McNess, surface water permanence is likely to be most important to species 
found at this wetland. Therefore maintenance of the current (2003) water regime should be sufficient to 
maintain vertebrate species values at Loch McNess. Current EWRs are therefore likely to be 
appropriate. 

• Sediment processes. 
To maintain sediment processes and prevent related changes in water quality, sediments at Loch 
McNess must remain saturated throughout the summer each year. Therefore maintenance of the current 
(2003) water regime should be sufficient to maintain sediment processes at Loch McNess. CutTent 
EWRs are therefore likely to be appropriate. 

Lake Yonderup 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Largely undisturbed wetland. 
• High macroinvertebrate species richness. 
• Excellent water quality. 
• Vegetation provides range of habitat types. 

2. Groundwater dependency analysis. 

Although Lake Yonderup receives rainfall inputs and has a permanent surface water component, 
Clifton and Evans (200 I) described permanent wetlands of the Swan Coastal Plain as entirely 
dependent on groundwater. It is therefore highly likely that the wetland is entirely groundwater 
dependent for biophysical processes, habitat and consumptive use . 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 
Summer absolute minimum -5.9 . 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
Although there is a vegetation monitoring transect at Lake Yonderup it is located 750m south of the 
staff gauge and is not influenced by surface water. The minimum water requirements of wetland 
vegetation at this site are therefore unlikely to be representative of the requirements of vegetation in 
closer proximity to the wetland basin. However, as the wetland vegetation surrounding the basin is in 
excellent condition, the current (2003) water regime may be adequate to maintain vegetation values. 
Current EWRs are therefore likely to be appropriate. 

• Macroinvertebrates. 
Lake Yonderup supports high macroinvertebrate species richness. Due to the importance of vegetation 
assemblages as habitat, vegetation EWRs can be considered a surrogate for macroinvertebrate EWRs. 
Emergent species and littoral vegetation are likely to be of greatest importance for habitat at Lake 
Yonderup .. As discussed under vegetation, there is no vegetation transect near the wetland basin and it 
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is therefore not possible to describe a maximum water level. However, as the vegetation surrounding 
the basin is in excellent condition, the current (2003) water regime may be adequate to maintain 
vegetation and therefore macroinvertebrate values. Current EWRs are therefore likely to be 
appropriate. 

• Vertebrates. 
Although there are no ecological values described specifically for vertebrates at Lake Yonderup, it is 
highly likely that the wetlands suppo11s a similar suite of species to that found at Loch McNess, as the 
wetlands are in close proximity and of similar geomorphology. Vegetation is noted as providing 
important habitat, the current (2003) water regime may therefore be adequate to maintain vegetation 
and therefore vertebrate values. Current EWRs are therefore likely to be appropriate. 

• Sediment processes. 
To maintain sediment processes and prevent related changes in water quality, sediments at Loch 
McNess must remain saturated throughout the summer each year. The current (2003) water regime may 
therefore be adequate to maintain sediment processes. Current EWRs are therefore likely to be 
appropriate. 

Lake Wilgarup 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Rich and unusual vegetation - dense stands of monospecific sedges. 

2. Groundwater dependency analysis. 

Although Lake Wilgarup receives rainfall inputs, the demise of much of the wetland vegetation in 
response to groundwater decline indicates that the wetland is entirely dependent on groundwater (Evan 
& Clifton, 200 I) for biophysical processes and consumptive use. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Preferred minimum peak - 6.1 

Absolute minimum peak -5 .65 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transect at Lake Wilgarup 
are presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that B. articulata requires the highest minimum 
groundwater level at 4.81 mAHD, followed by B. juncea at 3.90 mAHD and M. rhaphiophylla at 3.89 
mAHD. Therefore to meet the minimum groundwater requirements of all wetland vegetation on the 
monitoring transect at Lake Wilgarup an autumn minimum of 4.81 mAHD is required . As the bore is 
situated on the monitoring transect it is representative of the required groundwater levels. 

• Sediment processes. 
To maintain sediment processes and reduce the likelihood of fire, sediments at Lake Wilgarup must 
remain saturated throughout the summer each year. The watertable must therefore not drop below the 
stratigraphic level /layer capable of providing water to surface organics through capillary rise during 
summer. It is likley that this level is 0.5 m below the ground surface or 5.5 mAHD near the monitoring 
bore. 

Pipidinny Swamp 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
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• Waterbird habitat. 
• Supports unique macroinvertebrates . 
• Vegetation provides range of habitat types. 

2. Groundwater dependency analysis. 

Although Pipidinny Swamp receives rainfall inputs and has a permanent surface water component, 
Clifton and Evans (200 I) described permanent wetlands of the Swan Coastal Plain as entirely 
dependent on groundwater. It is therefore highly likely that the wetland is entirely groundwater 
dependent for biophysical processes, habitat and consumptive use . 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Preferred minimum peak - 2. 7 

Absolute minimum peak - 2.4 

Summer absolute minimum - 1.6 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across transects during a one-off assessment at 
Pipidinny Swamp are presented in Table 4. Application of the approach to determine the minimum 
water requirement of wetland species (as described on p.62), indicates that B. articulata requires the 
highest minimum groundwater level at 1.38 mAHD, followed by T. orienta/is at 0.94 mAHD and M. 
rhaphiophylla at 0.65 mAHD. Therefore to meet the minimum groundwater requirements of all 
wetland vegetation on transects at Pipidinny Swamp an autumn minimum of 1.38 mAHD is required. 
Current EWRs are therefore likely to be appropriate . 

• Waterbirds. 
Pipidinny Swamp supports a number of waterbird species known to be highly groundwater dependent. 
These species require extensive flooding of the wetland in winter/spring. Elevations measured at three 
of the ponds at Pipidinny Swamp suggest a surface water level of 3.0 mAHD may be required for 2 
months of the year in at least 4 out of 6 years to meet the requirements of waterbird species. 

• Macroinvertebrates. 
Pipidinny Swamp supports unique macroinvertebrates . Due to the importance of vegetation 
assemblages as habitat, vegetation EWRs can be considered a surrogate for macroinvertebrate EWRs. 
Emergent species and littoral vegetation are likely to be of greatest importance for habitat at Pipidinny 
Swamp. To inundate some areas of these vegetation assemblages for 2 months a year, a maximum 
water level of3 .0 mAHD is required. 

• Vertebrates. 
Although there are no ecological values described specifically for vertebrates at Pipidinny Swamp, the 
wetland supports long-necked turtles, which are highly dependent and require near-permanent surface 
water. A winter/spring maximum of 3.0 mAHD should be adequate to ensure surface water is retained 
through the summer months . 

Lake Nowergup 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Permanent deep-water wetland acting as a drought refuge for waterbirds . 
• Supports fish and other vertebrate species. 
• Regionally significant for macroinvertebrate species and family richness. 
• Areas of sedgeland on eastern shore minimise impact of nutrient enrichment on aquatic fauna. 
• Fringing vegetation provides range of habitat types. 
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2. Groundwater dependency analysis. 

Although Lake Nowergup has been ai1ificial maintained since 1989, receives rainfall inputs and has a 
permanent surface water component, Clifton and Evans (200 I) described permanent wetlands of the 
Swan Coastal Plain as entirely dependent on groundwater. Sudden health declines and deaths of 
fringing wetland trees (M. rhaphiophyl!a and E. rudis) on the western side of the lake between 
February and May 2002 coinciding with rapid declines in groundwater levels provides further evidence 
of total groundwater dependence. Processes of uses for which groundwater is required include 
consumptive use, habitat and biophysical processes. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Preferred minimum peak - 17 

Absolute minimum peak - 16.8 

b) Water requirements for ecological components of GDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transects at Lake 
Nowergup are presented in Table 4. Application of the approach to determine the minimum water 
requirements of wetland species (as described on p.62), indicates that B. articulata requires the highest 
minimum groundwater level at 15.22 mAHD, followed by M. rhaphiophyl!a at 14.66 mAHD, E. rudis 
at 14.64 mAHD and T. orientalis at 14.44 mAHD. Therefore to meet the minimum groundwater 
requirements of all wetland vegetation on the monitoring transects at Lake Nowergup an autumn 
minimum of 15.22 mAHD is required . It must be noted that this is a groundwater level and is 
applicable only to LN2/89 as this bore is in close proximity to the transects. Due to disparities between 
surface and groundwater levels, the equivalent surface water level at the staff gauge is 16.35 mAHD. 

• Waterbirds. 
Lake Nowergup supports a number of waterbird and wader species known to be highly groundwater 
dependent. These species generally require permanent surface water with some fluctuation to provide 
seasonal variation in depth and shoreline. Winter/spring inundation of fringing vegetation is also 
important. To inundate an area of B. articulata at the southern end of the wetland a surface water level 
of 16.853 mAHD is required for 2 months of the year in at least 4 out of 6 years. However, to inundate 
emergent species on the western shore a maximum surface water level of 17.0 mAHD is required . 
Therefore maintenance of the current (2003) water regime should be sufficient to maintain waterbird 
values at Lake Nowergup. Current EWRs are therefore likely to be appropriate. 

• Macroinvertebrates. 
Lake Nowergup supports significant macroinvertebrate assemblages. Requirements are to ensure the 
maintenance of permanent water in wetland as interannual and seasonal refuge. In order to maintain 
habitat diversity, spring peak water levels must inundate littoral sedges and fringing vegetation each 
year. To inundate an area of B. articulata at the southern end of the wetland a surface water level of 
16.853 mAHD is required for 2 months of the year in at least 4 out of 6 years. 

• Vertebrates . 
Although long-necked tortoises survive in wetlands that dry for up to 6 months of the year, they are 
highly dependent and prefer permanent or near permanent surface water. Rakali and fish and frog a 
species found in Lake Nowergup however, require permanent water. Therefore maintenance of the 
current (2003) water regime should be sufficient to maintain vertebrate values at Lake Nowergup. 
Current EWRs are therefore likely to be appropriate. 

• Sediment processes. 
Organic lacustrine ooze in deeper parts of the lake must be prevented from exposure to drying until 
more is known about the effects of such drying on ecosystem processes. Recommendations have been 
made for the mapping of sediments within Lake Nowergup in order to characterise the sediments and 
their drying potential, and subsequently develop a fire management strategy (Benier & Horwitz, 2003 ). 
Water requirements will depend on fire management strategy adopted. 
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Severe drying and subsequent rewetting will result in acidification of surface and subsurface waters 
(according to the classification of Lake Nowergup as being at high risk of AASS and PASS within 3 
metres of the surface; (Western Australian Planning Commission, 2003)). To prevent acidic surface 
waters and to prevent an acidic groundwater plume, sediment containing AASS and PASS must remain 
permanently° saturated, until evidence is presented that such consequences will not eventuate. 

To protect organic soils at Lake Nowergup, summer/autumn minimum groundwater levels must not 
drop below 16.353 mAHD (0.5 m below ground surface at the surveyed site). 

Lake Joondalup 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Waterbird habitat. 
• Diverse range of macrophytes. 
• Supports aquatic vertebrates and macroinvertebrates. 
• Largely intact fringing vegetation provides range of habitat types. 

2. Groundwater dependency analysis. 

Although Lake Joondalup receives rainfall and stormwater inputs and has a permanent surface water 
component, Clifton and Evans (2001) described permanent wetlands of the Swan Coastal Plain as 
entirely dependent on groundwater. It is therefore highly likely that the wetland is entirely groundwater 
dependent for biophysical processes, habitat and consumptive use. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 16.2 

Summer absolute minimum - 15.8 

b) . Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transects at Lake 
Joondalup are presented in Table 4. Application of the approach to determine the minimum water 
requirement of wetland species (as described on p.62), indicates that B. articulata requires the highest 
minimum. groundwater level at 15.88 mAHD, followed by M. rhaphiophylla at 15.86 mAHD, B. juncea 
at 14.75 mAHD and E. rudis at 14.74 mAHD. Therefore to meet the minimum groundwater 
requirements of all wetland vegetation on the monitoring transects at Lake Joondalup an autumn 
minimum of 15 .88 mAHD is required. It must be noted that this is a groundwater level however, the 
vegetation transect is approximately 2000m NE of bore 8281. As groundwater levels are known to be 
2m higher at this bore than surface water levels, it is unlikely that groundwater levels at 8281 will 
reflect those required by the vegetation in question. 

• Waterbirds. 
Lake Joondalup supports a number of waterbird and wader species known to be highly groundwater 
dependent. These species generally require permanent surface water with some fluctuation to provide 
seasonal variation in depth and shoreline. Surface water current persists in areas along the western 
shore through summer. Winter/spring inundation of fringing vegetation is also important. To inundate 
vegetation on the monitoring transects (east, south and north) a water level of 17.0 mAHD is required 
for 2 months a year in at least 4 out of 6 years. 

• Macroinvertebrates. 
Lake Joondalup supports macroinvertebrate assemblages. Requirements are to ensure the maintenance 
of permanent water in the wetland as interannual and seasonal refuge. In order to maintain habitat 
diversity, spring peak water levels must inundate littoral sedges and fringing vegetation each year. To 
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inundate areas of vegetation on the monitoring transects (east, south and north) a water level of 17.0 
mAHD is required for 2 months a year in at least 4 out of 6 years. 

• Vertebrates. 
Although long-necked tortoises survive in wetlands that dry for up to 6 months of the year, they are 
highly dependent prefer permanent or near permanent surface water. Rakali and fish and frog species 
found in Lake Joondalup although also highly groundwater dependent, require permanent water. 
Therefore maintenance of the current (2003) water regime should be sufficient to maintain vertebrate 
values at Lake Joondalup. Current EWRs are therefore likely to be appropriate. 

• Sediment processes . 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer. To protect organic soils at Lake Joondalup, 
summer/autumn minimum groundwater levels must not drop more than 0.5 m below ground surface. 
Organic sediments extend to an elevation of approximately 17.0 mAHD. Therefore to maintain 
sediment processes across the wetland a minimum of 16.5 mAHD is required. 

Lake Goollelal 

I. Revised ecological management objectives . 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Permanent water providing waterbird habitat and drought refuge. 
• Supports good populations of native fish species. 
• Fringing vegetation provides a range of habitat types. 

2. Groundwater dependency analysis. 

Although Lake Goollelal receives rainfall inputs and has a permanent surface water component, Clifton 
and Evans (200 I) described permanent wetlands of the Swan Coastal Plain as entirely dependent on 
groundwater. This is further demonstrated by a high degree of correlation between surface and 
groundwater levels at Lake Goollelal (Rockwater Pty Ltd., 2003). It is therefore highly likely that the 
wetland is entirely groundwater dependent for biophysical processes, habitat and consumptive use. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 26.2 

Summer absolute minimum - 26 

b) Water requirements for ecological components of GDE. 

• Vegetation. 
The mean water depth r~nges of wetland species found across the monitoring transect at Lake Goollelal 
are presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that B. articulata requires the highest minimum 
groundwater level at 25.38 mAHD, followed by M. rhaphiophylla at 24.46 mAHD and E. rudis at 
23.39 mAHD. Therefore to meet the minimum groundwater requirements of all wetland vegetation on 
the monitoring transect at Lake Goollelal an autumn minimum of 25.38 mAHD is required. Although 
this represents a substantial decrease from the existing summer minimums, Lake Goollelal has 
experienced increasing water levels since the I 970's. 

• Waterbirds . 
Lake Goollelal supports a number of waterbird and wader species known to be highly groundwater 
dependent. These species generally require permanent surface water with some fluctuation to provide 
seasonal variation in depth and shoreline. Surface water current persists throughout the year. 
Winter/spring inundation of fringing vegetation is also important. To inundate vegetation on the 
monitoring transect (west) a water level of 27. I mAHD is required for 2 months a year in at least 4 out 
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of 6 years. Under the current (2003) water regime this level is exceeded each year however, the extent 
of shoreline exposed during summer has declined with increased water levels, thereby reducing the 
area available for use by wader species. 

• Vertebrates. 
Rakali and fish and frog species found in Lake Goollelal are highly groundwater dependent and require 
permanent water. Therefore maintenance of the current (2003) water regime should be sufficient to 
maintain vertebrate values at Lake Goollelal. Current EWRs are therefore likely to be appropriate. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer. To protect organic soils at Lake Goollelal, 
summer/autumn minimum groundwater levels must not drop more than 0.5 m below ground surface. 
As the wetland is inundated throughout the year, the current (2003) water regime is adequate to 
maintain sediment processes. 

Lake Jandabup 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values;. 

• Supports diverse sedge and macrophyte vegetation. 
• Supports a wide range of waterbirds, especially waders. 
• Supports diverse range of macroinvertebrate species. 
• Improving water quality following 1997 acidification event. 

2. Groundwater dependency analysis. 

Although Lake Jandabup has been artificially maintained episodically since 1989, receives rainfall 
inputs and has a permanent surface water component, Clifton and Evans (2001) described permanent 
wetlands of the Swan Coastal Plain as entirely dependent on groundwater. Further evidence is provided 
though the fact that augmentation of surface water levels is required at the time of groundwater level 
decline (Rockwater Pty Ltd., 2003). It is therefore highly likely that the wetland is entirely groundwater 
dependent for biophysical processes, habitat and consumptive use. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 44.2 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transect at Lake Jandabup 
are presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that A. fascicularis requires the highest minimum 
groundwater level at 43.54 mAHD, followed by M. preissiana at 43.48 mAHD, B. articulata at 42.84 
mAHD and H. angustifolium at 42.57 mAHD. Therefore to meet the minimum groundwater 
requirements of all wetland vegetation on the monitoring transect at Lake Jandabup an autumn 
minimum of 43.54 mAHD is required. It must be noted that.this is a groundwater level however, there 
is no groundwater monitoring bore in proximity of the monitoring transect. 

• Waterbirds. 
Lake Jandabup supports a number of waterbird and wader species known to be highly groundwater 
dependent. Flooded emergent species in winter/spring are known to be important for waterbird 
breeding. To inundate a substantial area of sedges/rushes a peak surface water level of 15 .0 mAHD is 
required. This level should also be adequate to prevent the spread of vegetation into the basin and 
thereby maintain shallows for use by waders in summer/autumn. The current (2003) water regime 
appears adequate to maintain waterbird values. 
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• Macroinvertebrates . 
Lake Jandabup supports a diverse range of macroinvertebrate species. Requirements are to ensure the 
maintenance of permanent water in the wetland as interannual and seasonal refuge. In order to maintain 
habitat diversity, spring peak water levels must inundate littoral sedges and fringing vegetation each 
year. To inundate areas of vegetation near the monitoring transect a water level of 15 .0 mAHD is 
required for 2 months a year in at least 4 out of 6 years. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer. To address PASS anaerobic sediments need 
to remain saturated through late summer and early autumn. The current absolute summer minimum of 
44.3 mAHD was established to address sediment issues and is remains an appropriate level. 

Lake Mariginiup 

I . Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Wading bird habitat. 
• Supports rich aquatic macroinvertebrates. 
• Maintain water quality . 

2. Groundwater dependency analysis. 

Water levels at Lake Mariginiup have declined in recent years with increasing differences between 
surface and groundwater levels suggesting perching of rainfall and surface water. However, trends in 
ground and surface water levels are well correlated indicating hydraulic connectivity (Rockwater Pty 
Ltd., 2003). Therefore it is likely that biophysical processes, habitat and consumptive use of Lake 
Mariginiup are highly groundwater dependent. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Preferred minimum peak - 42.1 

Absolute minimum peak - 41 .5 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transect at Lake 
Mariginiup are presented in Table 4. Application of the approach to determine the minimum water 
requirement of wetland species (as described on p.62), indicates that T orientalis requires the highest 
minimum groundwater level at 40.55 mAHD, followed by E. rudis at 40.34 mAHD, B. articulata at 
40.28 mAHD. Therefore to meet the minimum groundwater requirements of all wetland vegetation on 
the monitoring transect at Lake Mariginiup an autumn minimum of 40.55 mAHD is required. It must 
be noted that this is a groundwater level, which should be adequately reflected at bore MS IO as it is 
within close proximity ( < I OOm) of the transect. 

• Waterbirds/waders 
Wader species found at Lake Mariginiup are thought to be highly groundwater dependent. These 
species require shallow water in summer and early autumn with high winter levels also required to 
prevent the spread of vegetation across the basin and reducing the area of open shallows. To inundate a 
substantial area of sedges/rushes a peak surface water level of 42.1 mAHD is required. This level 
should also be adequate to prevent the spread of vegetation into the basin and thereby maintain 
shallows for use by waders in summer/autumn. 

• Macroinvertebrates. 
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Lake Mariginiup supports a diverse range of macroinvertebrate species. In order to maintain habitat 
diversity, spring peak water levels must inundate littoral sedges and fringing vegetation each year. To 
inundate a substantial area of sedges/rushes a peak surface water level of 42.1 mAHD is required. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). To address 
PASS anaerobic sediments need to remain saturated through late summer and early autumn. As the 
staff gauge appears to dry at 41.3 mAHD and the basin of Lake Mariginiup is basically flat, a minimum 
groundwater level of 40.8 mAHD should be adequate to maintain sediment processes. 

Lexia 86 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports diverse fringing and wetland vegetation. 
• Supports significant invertebrate and vertebrate communities. 

2. Groundwater dependency analysis. 

Although Lexia 86 receives rainfall inputs, it is thought that surface water levels are an expression of 
the underlying groundwater (Rockwater Pty Ltd., 2003). Therefore it is likely to be entirely 
groundwater dependent for biophysical processes, habitat and consumptive use. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 47.3 

Summer absolute minimum - 47 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transect at Lexia 86 are 
presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that B. articulata requires the highest minimum 
groundwater level at 47.09 mAHD, followed by B. littoralis at 47.03 mAHD, P. ellipticwn at 46.66 
mAHD, M. preissiana at 46.53 mAHD, A. fascicularis at 46.07 mAHD and H angustifolium at 45.49 
mAHD. Therefore to meet the minimum groundwater requirements of all wetland vegetation on the 
monitoring transect at Lexia 86 an autumn minimum of 47.09 mAHD is required. It must be noted that 
this is a groundwater level, which is adequately reflected at bore GNM 16 as it is within close proximity 
(<l00m) of the transect. 

• Macroinvertebrates. 
Lexia 86 supports a significant macroinvertebrate community. Due to the importance of vegetation 
assemblages as habitat, vegetation EWRs can be considered a surrogate for macroinvertebrate EWRs. 
Emergent species and littoral vegetation are likely to be of greatest importance for habitat at Lexia 86. 
To inundate appropriate areas of vegetation for 2 months a year, a maximum water level of 48.5 
mAHD is required. 

• Vertebrates. 
Three highly groundwater dependent frog species occur at Lexia 86. Recruitment of the Moaning Frog, 
occurred in spring 2003 but not during previous successive years. There were also breeding 
populations of the Squelching Frog and Guenther's Toad let. The 2003 autmun peak may therefore be 
sufficient to induce breeding in these species. This suggests an autumn peak of 48.64 mAHD. Lexia 86 
also supports the long-necked tortoise, which require~ inundation for at least 6 months of the year. 
Attaining a peak level of 48.64 mAHD should allow surface water to persist for an adequate length of 
time. 
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• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). To address 
PASS anaerobic sediments need to remain saturated through late summer and early autumn. As the 
staff gauge appears to dry at 48 .3 I mAHD and the wetland basin is small and basically flat, a minimum 
groundwater level of 47.8 mAHD should be adequate to maintain . sediment processes and water 
quality. 

Lexia 94 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports diverse wetland and fringing vegetation. 
• Fringing vegetation provides a range of habitat types. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described damp lands of the Swan Coastal Plain as highly groundwater 
dependent for consumptive use and biophysical processes. Rainfall is also a significant water source 
and it is thought that there may be some perching at Lexia 94. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 45 .8 

Summer absolute minimum - 45.5 

b) Water requirements for ecological components of GDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transect at Lexia 94 are 
presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that P. ellipticum requires the highest minimum 
groundwater level at 44.28 mAHD, followed by A.fascicularis at 44.24 mAHD, M. preissiana at 43.88 
mAHD, and H. a11gustifoli11111 at 43.05 mAHD. Therefore to meet the minimum groundwater 
requirements of all wetland vegetation on the monitoring transect at Lexia 94 an autumn minimum of 
44.28 mAHD is required . It must be noted that this is a groundwater level, which should be adequately 
reflected at bore GNM I 7 A, 200m S/W of the transect. 

• Vertebrates 
Frogs occur at Lexia 94 however, as no surface water has been present for a number of years, breeding 
has not occurred. As the ground elevation at the bore is 47.28 mAHD, a peak level greater than this 
would be required for 4 months to allow frogs to breed. 

Lexia 186 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Fringing and wetland vegetation provides a range of habitat types. 

2. Groundwater dependency analysis. 
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Clifton and Evans (2001) described damplands of the Swan Coastal Plain as highly groundwater 
dependent for consumptive use and biophysical processes. Rainfall is also a significant water source. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 47.5 

Summer absolute minimum - 47.2 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transect at Lexia 186 are 
presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that P. ellipticum requires the highest minimum 
groundwater level at 47.71 mAHD, followed by A.fascicularis at 47.67 mAHD, M. preissiana at 47.31 
mAHD and H. angustifolium at 46.57 mAHD. Therefore to meet the minimum groundwater 
requirements of all wetland vegetation on the monitoring transect at Lexia 186 an autumn minimum of 
47.71 mAHD is required . It must be noted that this is a groundwater level, which is adequately 
reflected at bore GNM 15 as it is within close proximity ( <50m) of the transect. 

• Vertebrates. 
Lexia 186 supports frogs , which generally require approximately 4 months of inundation to breed. The 
excavated sump at the wetland contained surface water during the winter/autumn 2003 . The 2003 peak 
groundwater level of 48 .02 mAHD may therefore reflect an appropriate surface water level in the 
sump. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0 .5 m below ground surface). To address 
PASS anaerobic sediments need to remain saturated through late summer and early autumn. The lowest 
point of the wetland is approximately 48.3 mAHD, therefore a minimum groundwater level of 47.8 
mAHD should be adequate to maintain sediment processes. 

EPP Wetland 173 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports diverse wetland and stream vegetation. 
• High vertebrate and macroinvertebrate species richness. 
• Supports most northern population of Black-striped minnow (Galaxiella nigrostriata) . 
• Wetland, stream and fringing vegetation provides a range of habitat types. 

2. Groundwater dependency analysis. 

EPPl 73 is believed to be a perched wetland, with the water regime relying on rainfall inputs as well as 
flows from the adjacent springs (Rockwater Pty Ltd ., 2003). However, it is still likely that EPPI 73 is 
highly groundwater dependent for consumptive use, habitat and biophysical processes. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 50.2 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
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The mean water depth ranges of wetland species found across the monitoring transect at EPP! 73 are 
presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that P. ellipticum requires the highest minimum 
groundwater level at 49.34 mAHD, followed by B. articulata at 48.98 mAHD, A. fascicularis at 48.79 
mAHD, M. preissiana at 48.76 mAHD and H. angustifolium at 48.02 mAHD. Therefore to meet the 
minimum groundwater requirements of all wetland vegetation on the monitoring transect at EPP! 73 an 
autumn minimum of 49.34 mAHD is required. It must be noted that this is a groundwater level, which 
is adequately reflected at bore GNMl4 as it is within close proximity (< I00m) of the transect. 

• Macroinvertebrates. 
EPP 173 supports a significant macroinve11ebrate community. Due to the importance of vegetation 
assemblages as habitat, vegetation EWRs can be considered a surrogate for macroinvertebrate EWRs. 
Emergent species and littoral vegetation are likely to be of greatest importance for habitat at EPP 173 . 
To inundate appropriate areas of vegetation for 2 months a year, a maximum water level of 51.1 
mAHD is required. 

• Vertebrates. 
EPP 173 supports high vertebrate species richness. Recruitment of the Moaning Frog occurred in 
spring 2003 but not during previous successive years. The Quacking Frog was also present at this time, 
suggesting it requires flooding of areas surrounding the lake including the creek and seepages. The 
2003 spring peak may therefore be sufficient to induce breeding in these species . This suggests an 
spring peak of 51.1 mAHD. 

Although there are no known specific water requirements for the Blackstripe Minnow the species can 
survive in a seasonal wetland, yet needs a high degree of soil moisture during summer to survive 
aestivation . As it resides in cool water it is important to maintain an adequate depth of water to allow 
stratification to develop and so provide a cooler layer. It is thought that the species may persist at a 
maximum surface water level of 50.95 mAHD and minimum groundwater level of 49.41 mAHD 
however, further research is required to substantiate these levels. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each yeai·. 
The water table must therefore not drop below the stratigraphic level/ layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface) . To address 
PASS anaerobic sediments need to remain saturated through late summer and early autumn. As the 
staff gauge appears is dry at 50.4 mAHD and the basin of the wetland is small and basically flat, a 
minimum groundwater level of 49.9 mAHD should be adequate to maintain sediment processes. 
However, as the wetland may be perched ground and surface water levels are disparate the current 
minimum surface water level of 50.2 mAHD should be retained. 

Dampland 78 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and lorig-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports wetland vegetation. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described damplands of the Swan Coastal Plain as highly groundwater 
dependent for consumptive use and biophysical processes . Rainfall is also a significant water source. 

3 . . Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 65.4 

Summer absolute minimum - 65 .1 
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b) Water-requirements for ecological components ofGDE. 

• Vegetation. 

The mean water depth ranges of wetland species found across the monitoring transect at Dampland 78 
are presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that A. fascicularis requires the highest minimum 
groundwater level at 65.44 mAHD, followed by M. preissiana at 61.97 mAHD. Therefore to meet the 
minimum groundwater requirements of all wetland vegetation on the monitoring transect at Dampland 
78 an autumn minimum of 65 .44 mAHD is required. It must be noted that this is a groundwater level, 
which may not be adequately reflected at bore GNM3 l which is located 50m upslope of the transect. 

• Vertebrates 
Frogs have been recorded at Dampland 78 but appear unable to breed. As the lowest point of the 
wetland is approximately 67.0 mAHD water levels are required to exceed this level. However, as the 
monitoring bore is removed from the basin, it is not possible to determine an appropriate level for the 
basin. 

Lake Gwelup* 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports waterbird species and other dependent vertebrates. 

2. Groundwater dependency analysis. 

Although Lake Gwelup receives rainfall and stormwater inputs and no longer has a permanent surface 
water component, it has in the past been a permanent wetland. Clifton and Evans (2001) described 
permanent wetlands of the Swan Coastal Plain as entirely dependent on groundwater. It is therefore 
highly likely that the wetland is entirely groundwater dependent for biophysical processes, habitat and 
consumptive use. 

3. Revised EWRs. 

a) No current EWR. 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Lake Gwelup, a minimum groundwater level cannot 
be detem1ined following the methodology outlined above. However, comment can be made on the 
water depth ranges and period of inundation experienced by wetland species know to occur at the 
wetland . 

Loomes (2000) described the 5 year mean and absolute water depth ranges (m) and duration of 
inundation (months/year) for the following species; 
- M. rhaphiophylla : depth; mean 0.01 to -2.14 m, absolute 1..03 to -4.49 m, duration ;; mean 2.15 

(months/year), absolute 9 .4 (months/year). 
- E. rudis: depth ; mean -0.7 to -3.26 m, absolute 1.03 to -6.44 m, duration ; mean 1.55 (months/year), 

absolute 12 (months/year) . 
- T. orientalis: depth ; mean 0.74 to -0.95 m, absolute 1.49 to -1.9 m, duration ; mean 7.7 (months/year), 

absolute 12 (months/year). 

• Macroinvertebrates. 
Due to the importance of vegetation assemblages as habitat, vegetation EWRs can be considered a 
surrogate for macroinvertebrate EWRs. Emergent species and littoral vegetation are likely to be of 
greatest importance for habitat at Lake Gwelup. 

• Waterbirds 
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Lake Gwelup may support waterbird and wader species. These species require shallow water in 
summer and early autumn with high winter levels also required to prevent the spread of vegetation 
across the basin and reducing the area of open shallows. As the elevation of the staff gauge and ranges 
of fringing and emergent vegetation are not known, it is not possible to determine an EWR to meet 
waterbird requirements. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). 

Big Carine Swamp* 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports waterbirds and other dependent vertebrates . 

2. Groundwater dependency analysis . 

Although Big Carine Swamp receives rainfall inputs, the decline in condtion of the wetland vegetation 
in response to groundwater decline indicates that the wetland is likely to be entirely dependent on 
groundwater (Evan & Clifton, 2001) for biophysical processes and consumptive use. 

3. Revised EWRs. 

a) No current EWR. 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect _at Big Carine Swamp, a minimum groundwater level 
cannot be determined following the methodology outlined above. However, comment can be made on 
the water depth ranges and period of inundation experienced by wetland species know to occur at the 
wetland. 

Loomes (2000) described the 5 year mean and absolute water depth ranges (m) and duration of 
inundation (months/year) for the following species; 
- M. rhaphiophylla: depth ; mean 0.01 to -2.14 m, absolute 1.03 to -4.49 m, duration; ; mean 2.15 

(months/year), absolute 9.4 (months/year). 
- E. rudis: depth; mean -0.7 to -3.26 m, absolute 1.03 to -6.44 m, duration; mean 1.55 (months/year), 

absolute 12 (months/year). 
- T orientalis: depth; mean 0.74 to -0.95 m, absolute 1.49 to -1.9 m, duration; mean 7.7 (months/year), 

absolute 12 (months/year). 

• Macroinvertebrates. 
Due to the importance of vegetation assemblages as habitat, vegetation EWRs can be considered a 
surrogate for macroinvertebrate EWRs. Emergent species and littoral vegetation are likely to be of 
greatest importance for habitat at Big Carine Swamp. 

• Waterbirds 
Big Carine Swamp may support waterbird and wader species. These species require shallow water in 
summer and early autumn with high winter levels also required to prevent the spread of vegetation 
across the basin and reducing the area of open shallows. As the elevation of the staff gauge and ranges 
of fringing and emergent vegetation are not known, it is not possible to determine an EWR to meet 
waterbird requirements. 

• Sediment processes. 
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To maintain sediment p·rocesses sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). 

Lake Muckenburra* 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports waterbird species and other dependent vertebrates. 
• Supports TEC (SCP07). 

2. Groundwater dependency analysis. 

The TEC is a species rich vegetation community that occurs on heavy clay soils and is generally 
inundated from winter to mid-spring. As the wetland is likely to fill following ponding of rainfall and 
groundwater level rise and vegetation most likely accesses soil water held in the clay during summer, 
Lake Muckenburra should be considered to be proportionally groundwater dependent. 

3. Revised EWRs. 

a) No current EWR. May require installation of staff gauge. 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Lake Muckenburra and the wetland had not been 
assessed at the time of writing, no comment can be made on water requirements of wetland species 
other than the requirement for flooding in winter/spring. 

• Macroinvertebrates. 
Due to the importance of vegetation assemblages as habitat, vegetation EWRs can be considered a 
surrogate for macroinvertebrate EWRs. Emergent species and littoral vegetation are likely to be of 
greatest importance for habitat at Lake Muckenburra. 

• Waterbirds. 
Lake Mukenburra supports waterbird and wader species. These species require shallow water in 
summer and early autumn with high winter levels also required to prevent the spread of vegetation 
across the basin and reducing the area of open shallows. As there is no staff gauge and ranges ,of 
fringing and emergent vegetation are not known, it is not possible to determine an EWR to meet 
waterbird requirements. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). 

Bambun Lake* 

I . Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports diverse fish species and other dependent vertebrates. 
• Vegetation provides fauna habitat. 
• Supports TEC (SCP07 and SCPI 5). 

2. Groundwater dependency analysis. 
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Bambun Lake supports TEC SCP07, described above for Lake Muckenburra. TEC SCPI 5 also occurs 
at the site. This community is described as occurring on alluvial sediments that are inundated for long 
periods. As the wetland is likely to fill following ponding of rainfall and groundwater level rise and 
vegetation most likely accesses soil water held in the clay during summer, Bambun Lake should be 
considered to be proportionally groundwater dependent. 

3. Revised EWRs. 

a) No current EWR. May require installation of staff gauge. 

b) Water requirements for ecological components of GOE. 

• Vegetation. 

As there is not a vegetation monitoring transect at Bambun Lake, a minimum groundwater level cannot 
be determined following the methodology outlined above. However, the TECs require winter 
inundation for flooding in winter/spring. 

Comment can also be made on the water depth ranges and period of inundation experienced by wetland 
species know to occur at the wetland . Loomes (2000) described the 5 year mean and absolute water 
depth ranges (m) and duration of inundation (months/year) for the following species; 
- M. rhaphiophyl/a : depth; mean 0.0 I to -2 .14 m, absolute 1.03 to -4.49 m, duration;; mean 2.15 

(months/year), absolute 9.4 (months/year). 
- E. rudis: depth; mean -0.7 to -3.26 m, absolute 1.03 to -6.44 m, duration; mean 1.55 (months/year), 

absolute 12 (months/year). 
- B. articu/ata: depth; mean 0.28 to -1.22 m, absolute 0.81 to -2.59 m, duration; mean 3.26 

(months/year), absolute 12 (months/year). 

• Macroinvertebrates. 
Due to the importance of vegetation assemblages as habitat, vegetation EWRs can be considered a 
surrogate for macroinvertebrate EWRs. Emergent species and littoral vegetation are likely to be of 
greatest importance for habitat at Bambun Lake. 

• Vertebrates. 
Permanent surface water is required to support fish species at Bambun Lake. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). 

Yea! Swamp, Lake Bindiar and Wetlands ofYeal Nature Reserve* 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• System of generally connected damp lands situated within large area of high quality bushland within 
Yeal Nature Reserve. 

• Vegetation provides fauna habitat. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described SCP damplands and sumplands with Me/aleuca and Banksia 
woodlands as proportionally groundwater dependent. Although the depth to groundwater underlying 
the Yeal wetlands is now > I Om, vegetation established under a wetter regime and should still be 
considered groundwater dependent. 

3. Revised EWRs. 

a) No current EWR. May require installation of monitoring bore in close proximity of wetlands. 
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b) Water requirements for ecological components ofGDE. 

• Vegetation. 
Although a terrestrial vegetation transect was established at Yeal Swamp in 1987, a mm1mum 
groundwater level cannot be determined following the methodology outlined above. However, 
comment can be made on the water depth ranges and period of inundation experienced by wetland 
species know to occur a,t the wetland. 

Loomes (2000) described the 5 year mean and absolute water depth ranges (m) and duration of 
inundation (months/year) for the following species; 
- M. preissiana - mean 0.54 to -2.62m, absolute 1.03 to -5.04m; duration of inundation - mean 2.15; 

absolute 9 .4. 
- B. !ittoralis - mean -0.39 to -l.92m, absolute 0.43 to -3.09m; duration of inundation - mean 0.3, 

absolute 2.8. 
- E. rudis: depth; mean -0.7 to -3.26 m, absolute 1.03 to -6.44 m, duration; mean 1.55 (months/year), 

absolute 12 (months/year). 

• Vertebrates. 
The relationship between groundwater, upland vegetation and terrestrial fauna may be important. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). 

Edgecombe Seepage 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports diverse fauna populations. 

2. Groundwater dependency analysis. 

Despite seasonal input from rainfall, Clifton and Evans (2001) described mound springs of the Swan 
Coastal Plain as entirely groundwater dependent for habitat, biophysical processes and consumptive 
use. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 14.35 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Edgecombe Seepage, a minimum groundwater level 
cannot be determined following the methodology outlined above. However, comment can be made on 
the water depth ranges and period of inundation experienced by wetland species know to occur at the 
wetland. Loomes (2000) described the 5 year mean and absolute water depth ranges (m) and duration 
of inundation (months/year) for the following species; 
- M. rhaphiophylla: depth; mean 0.01 to -2.14 m, absolute 1.03 to -4.49 m, duration;; mean 2.15 

(months/year), absolute 9 .4 (months/year). 
- E. rudis: depth; mean -0.7 to -3.26 m, absolute 1.03 to -6.44 m, duration ; mean 1.55 (months/year), 

absolute 12 (months/year). 
- B. articulata: depth; mean 0.28 to -1.22 m, absolute 0.81 to -2.59 m, duration; mean 3.26 

(months/year), absolute 12 (months/year). 

• Macroinvertebrates. 
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Macroinvertebrate assemblages at Edgecombe Seepage require permanently flowing surface water. 
Therefore sufficient hydrostatic head is required to ensure perennial flow from spring. The volume of 
flow is not known but it is likely to be a matter of several litres per second at a maximum. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). 

Egerton Spring 

I. Revised ecological management objectives . 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports threatened ecological community (EGO I). 
• Supports significant club moss and liverwort species . 
• Supports pristine fringing vegetation. 
• High conservation as invertebrate habitat. 

2. Groundwater dependency analysis. 

Despite seasonal input from rainfall , Clifton and Evans (200 I) described mound springs of the Swan 
Coastal Plain as entirely groundwater dependent for habitat, biophysical processes and consumptive 
use. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 39.29 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Egerton Springs, a minimum groundwater level 
cannot be determined following the methodology outlined above. However, comment can be made on 
the water depth ranges and period of inundation experienced by wetland species know to occur at the 
wetland. 

Loomes (2000) described the 5 year mean and absolute water depth ranges (m) and duration of 
inundation (months/year) for the following species; 
- M. preissiana .- mean 0.54 to -2.62m, absolute 1.03 to -5 .04m; duration of inundation - mean 2.15, 

absolute 9.4. 
- B. littoralis - mean -0.39 to -l.92m, absolute 0.43 to -3.09m; duration of inundation - mean 0.3, 

absolute 2.8. 
- A. fascicularis - mean -0.35 to -2.26m, absolute 1.03m to -4.6m; duration of inundation - mean 0.66, 

absolute 2.6. 

It is also likely that the club mosses and liverwort species require permanently saturated soil. 

• Macroinvertebrates. 
Macroinvertebrate assemblages at Egerton Spring require permanently flowing surface water. 
Therefore sufficient hydrostatic head is required to ensure perennial flow from spring. The volume of 
flow is not known but it is likely to be a matter of several litres per second at a maximum. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). 
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Kings Spring* 

1. Revised ecological management objectives . 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribµtion of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports TEC (organic mound springs) . 

2. Groundwater dependency analysis. 

Despite seasonal input from rainfall, Clifton and Evans (200 I) described mound springs of the Swan 
Coastal Plain as entirely groundwater dependent for habitat, biophysical processes and consumptive 
use. 

3. Revised EWRs. 

a) No current EWR. May require installation of staff gauge or bore in close proximity. 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Kings Spring, a minimum groundwater level cannot 
be determined following the methodology outlined above. However, comment can be made on the 
water depth ranges and period of inundation experienced by wetland species know to occur at the 
wetland. 

Loomes (2000) described the 5 year mean and absolute water depth ranges (m) and duration of 
inundation (months/year) for the following species; 
- M. preissiana - mean 0.54 to -2.62m, absolute 1.03 to -5.04m; duration of inundation - mean 2.15, 

absolute 9 .4. 
- E. rudis: depth; mean -0.7 to -3.26 m, absolute 1.03 to -6.44 m, duration; mean 1_.55 (months/year), 

absolute 12 (months/year). 

• Macroinvertebrates. 
Macroinvertebrate assemblages of Kings Spring may require permanently flowing surface water. 
Therefore sufficient hydrostatic head is required to ensure perennial flow from spring. The volume of 
flow is not known but it is likely to be a matter of several litres per second at a maximum. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0 .5 m below ground surface). 
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Jandakot Mound 

Thomsons Lake 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Important habitat for waterbirds (RAMSAR wetland). 
• Lake margins supp011 terrestrial bird and other vertebrate species. 
• Large area of remnant vegetation associated with the wetland. 

2. Groundwater dependency analysis. 

Although Thomsons Lake receives rainfall inputs and has a permanent surface water component, 
Clifton and Evans (2001) described permanent wetlands of the Swan Coastal Plain as entirely 
dependent on groundwater. This is further demonstrated by a high degree of correlation between 
surface and groundwater levels (Rockwater Pty Ltd ., 2003). It is therefore highly likely that the wetland 
is entirely groundwater dependent for biophysical processes, habitat and consumptive use. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - I 1.3 

Summer absolute minimum - 10.8 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transects at Thomsons 
Lake are presented in Table 4. Application of the approach to determine the minimum water 
requirement of wetland species (as described on p.62), indicates that B. articulata requires the highest 
minimum groundwater level at 11. 71 mAHD, followed by T. orientalis at I 0.82 mAHD, E. rudis at 
10.24 mAHD, and B. juncea at 9.2 mAHD. Therefore to meet the minimum groundwater requirements 
of all wetland vegetation on the monitoring transects at Thom sons Lake an autumn minimum of 11. 71 
mAHD is required. It must be noted that this is a groundwater level which appears to be inadequately 
reflected at bore TM 14A (Rockwater Pty Ltd. , 2003), located approximately 500m north of transects 2 
and 3. 

• Waterbirds. 
Thomsons Lake is a RAMSAR wetland. Waterbird and wader species require shallow water in summer 
and early autumn with high winter levels also required to prevent the spread of vegetation across the 
basin and reducing the area of open water. To inundate a substantial area of T. orientalis and B. 
articulata a peak surface water level of 12.8 mAHD is required . This level should also be adequate to 
prevent the spread of T. orientalis into the basin and thereby maintain open water. 

• Macroinvertebrates. 
Thomsons Lake supports macroinvertebrates. Requirements are to ensure the maintenance of 
pemrnnent water in wetland as interannual and seasonal refuge. In order to maintain habitat diversity, 
spring peak water levels must inundate littoral sedges and fringing vegetation each year. To inundate 
area of B. articulata and T. orientalis across the wetland a surface water level of 12.8 mAHD is 
required for 2 months of the year in at least 4 out of 6 years. 

• Vertebrates. 
Frogs and possibly long-necked tortoises occur at Thomsons Lake. Frogs require 4 months of 
inundation to breed with tortoises preferring periods of 9 months or more. A peak level of 12.6 mAHD 
should be adequate to retain surface water for a sufficient period. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below.the stratigraphic level/ layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). To address 
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PASS anaerobic sediments need to remain saturated through late summer and early autumn. As the 
staff gauge dries at 11.8 mAHD and the wetland basin is relatively flat a minimum groundwater level 
of I 1.3 should be adequate to maintain sediment processes and water quality not related to run-off 
inputs. 

North Lake 

1. Revised ecological management objectives . 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports freshwater sponge species. 
• Supports extensive M. rhaphiophylla and B. articulata stands. 
• Permanent wetland provides summer waterbird refuge (JAMBA/CAMBA species). 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described permanent wetlands of the Swan Coastal Plain as entirely 
groundwater dependent. However, North Lake appears to be perched during periods of low 
groundwater levels, suggesting it may be only highly dependent (Rockwater Pty Ltd., 2003). North 
Lake also receives inputs from rainfall however, the volume of surface water entering the lake has 
decreased in recent years as a result of the diversion of 2 stormwater drains. Uses of groundwater 
include habitat, biophysical processes and consumption. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 13.5 

Summer absolute minimum - 12.7 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transects at North Lake 
are presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that B. littoralis requires the highest minimum 
groundwater level at 12.68 mAHD, followed by M. rhaphiophylla at 12.06 mAHD, A. fascicularis at 
mAHD, B. juncea at I 1.35 mAHD and E. rudis at 10.94 mAHD. Therefore to meet the minimum 
groundwater requirements of all wetland vegetation on the monitoring transects at North Lake an 
autumn minimum of 12.68 mAHD is required . It must be noted that this is a groundwater level, which 
may not be adequately reflected at the North Lake criteria bore (Rockwater Pty Ltd., 2003), 
approximately 300m west of transects I and 2. 

• Waterbirds. 
Waterbird species found at North Lake require high winter/spring peaks, retention of deep water in 
summer/autumn for deep-water species and inundation of fringing vegetation . A peak surface water 
level of 13.265 mAHD should be sufficient to inundate Melaleuca on both side of the wetland. This 
level should also be adequate to prevent the spread of sedges and exotics into the basin and thereby 
maintain open water. However, higher peaks up to 14.0 mAHD would be required to maintain deep 
water throughout summer. 

• Macroinvertebrates 
The requirements of the freshwater sponge species found at North Lake are unknown. However, it is 
likely that they require permanent water and a peak of 14.0 mAHD may be sufficient to maintain the 
population, providing other variables are suitable. This level should also maintain other 
macroinvertebrate species. 

• Vertebrates. 
Frogs and possibly long-necked tortoises occur at North Lake. Frogs require 4 months of inundation to 
breed with tortoises preferring periods of 9 months or more. A peak level of 13.6 mAHD should be 
adequate to retain surface water for a sufficient period. 
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• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). To address 
PASS anaerobic sediments need to remain saturated through late summer and early autumn. To protect 
organic soils water levels should not drop below 12.765 mAHD. 

Banganup Swamp 

I . Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Non-avian fauna habitat. 
• High conservation value due to diversity and condition of littoral and fringing vegetation. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described sump lands of the Swan Coastal Plain as highly groundwater 
dependent. However, Rockwater P/L (2003) noted a high correlation between surface and groundwater 
levels indicating inundation of Banganup Swamp is in direct response to groundwater rise. Banganup 
Swamp should therefore be regarded as entirely groundwater dependent for habitat, biophysical 
processes and consumption despite significant seasonal rainfall inputs. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 11.25 

b) Water requirements for ecological components of GOE. 

• Vegetation . 
The mean water depth ranges of wetland species found across the monitoring transect at Banganup 
Swamp are presented in Table 4. Application of the approach to determine the minimum water 
requirement of wetland species (as described on p.62), indicates that B. articulata and B . . /ittoralis 
require the highest minimum groundwater level at 11.48 mAHD, followed by A. fascicularis at 10.94 
mAHD, M. preissiana at I 0.58 mAHD, and E. rudis at 9.94 mAHD. Therefore to meet the minimum 
groundwater requirements of all wetland vegetation on the monitoring transect at Banganup Swamp an 
autumn minimum of 11.48 mAHD is required . It must be noted that this is a groundwater level, which 
appears to be adequately reflected at Banganup criteria bore LB 14 (Rockwater Pty Ltd. , 2003), 
approximately I 00m west of the monitoring transect. 

• Vertebrates. 
Banganup Swamp supports Quenda, a significant mammal species associated with dense vegetation 
around wetlands. Therefore meeting the EWRs of the fringing vegetation, as described above, should 
maintain this species. 

• Macroinvertebrates. 
Banganup Swamp supports macroinvertebrates. In order to maintain habitat diversity, spring peak 
water levels must inundate littoral sedges and fringing vegetation each year. To inundate areas of B. 
articulata and fringing tree species around the wetland a surface water level of 13.2 mAHD is required 
for 2 months of the year in at least 4 out of 6 years. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0.5 m below ground surface). To address 
PASS anaerobic sediments need to remain saturated through late summer and early autumn. As the 
staff gauge dries at approximately 12. 7 mAHD and the wetland basin is small and relatively flat a 
minimum groundwater level of 12.2 mAHD should be adequate to maintain sediment processes and 
water quality not related to run-off inputs. 
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Bibra Lake 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports a diversity of habitats used by wading birds. 
• Permanent wetland provides summer refuge for waterbirds . 
• Wetland and fringing vegetation provides a range of habitat types. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described permanent wetlands of the Swan _ Coastal Plain as entirely 
groundwater dependent. This is further supported by a high correlation between surface and 
groundwater levels indicating inundation of Bibra Lake is in direct response to groundwater rise 
(Rockwater Pty Ltd., 2003). Bibra Lake should therefore be regarded as entirely groundwater 
deperident for habitat, biophysical processes and consumption despite significant seasonal rainfall 
inputs. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 14.2 

Summer absolute minimum - 13.6 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transect at Bibra Lake are 
presented in Table 4. Application of the approach to determine the minimum water requirement of 
wetland species (as described on p.62), indicates that M. preissiana requires the highest minimum 
groundwater level at 12.18 mAHD, followed by E. rudis at I 1.64 mAHD. Therefore to meet the 
minimum groundwater requirements of all wetland vegetation on the monitoring transect at Bibra Lake 
an autumn minimum of 12.18 mAHD is required. It must be noted that this is a groundwater level, 
which may be adequately reflected at bore BM7C, approximately 200m west of the monitoring 
transect. However this bore has not been monitored since I 999 (Rockwater Pty Ltd., 2003). 

• Waterbirds. 
Waterbirds and waders require high winter/spring peaks, with the retention of deep water in 
summer/autumn important for deep-water species and shallows for waders. High winter levels are also 
required to prevent the spread of vegetation across the basin and reducing the area of open water. A 
peak level of 14.9 mAHD should be sufficient to inundate areas of vegetation, prevent encroachment 
into the basin and enable deep water to persist through summer. 

• Macroinvertebrates. 
Bibra Lake supports macroinvertebrates. In order to maintain habitat diversity, spring peak water levels 
must inundate littoral sedges and fringing vegetation each year. To inundate areas of fringing tree 
species around the wetland a surface water level of 14.9 mAHD is required for 2 months of the year in 
at least 4 out of 6 years. 

• Vertebrates. 
Bibra Lake supports Quenda, a significant mammal species associated with dense vegetation around 
wetlands. Therefore meeting the EWRs of the fringing vegetation, as described above, should maintain 
this species. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0 .5 m below ground surface). To address 
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PASS anaerobic sediments need to remain saturated through late summer and early autumn. The 
current absolute minimum of 13.6 mAHD (14.l mAHD - 0.5 m) should be adequate to maintain 
sediment processes and water quality not related to run-off inputs. 

Yangebup Lake 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Permanent wetland provides summer refuge for waterbirds. 
• Supports high number of macro invertebrate taxa. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described permanent wetlands of the Swan Coastal Plain as entirely 
groundwater dependent. This is further supported by a high correlation between surface and 
groundwater levels at Yangebup Lake (Rockwater Pty Ltd., 2003). Although Yangebup Lake should be 
regarded as entirely groundwater dependent there is some input into the system from nearby disposal 
ponds and seasonal rainfall. Uses of groundwater at Yangebup Lake include biophysical processes, 
consumpti_ve use and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 15.5 

Summer absolute minimum - 13.8 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Yangebup Lake, a minimum groundwater level 
cannot be determined following the methodology outlined above. 

• Waterbirds . 
Waterbirds require high winter/spring peaks with the retention of deep water in summer/autumn 
required for deep-water species. High winter levels are also required to prevent the spread of vegetation 
across the basin and reducing the area of open water. A peak level of 16. 7 mAHD should be sufficient 
to inundate areas of vegetation, prevent encroachment into the basin and enable deep water to persist 
through summer. 

• Macroinvertebrates. 
Yangebup Lake supports macroinvertebrates. In order to maintain habitat diversity, spring peak water 
levels must inundate littoral sedges each year. To inundate areas of sedges around the wetland a surface 
water level of 16.2 mAHD is required for 2 months of the year in at least 4 out of 6 years. 

• Sediment processes. 
To maintain sediment processes sediments must remain saturated throughout the summer each year. 
The water table must therefore not drop below the stratigraphic level/layer capable of providing water 
to surface organics through capillary rise during summer (0 .5 m below ground surface). To address 
PASS anaerobic sediments need to remain saturated through late summer and early autumn. A 
minimum of 14.5 mAHD (15 .0 mAHD - 0.5 m) should be adequate to maintain sediment processes 
and water quality not related to run-off inputs . 

Lake Kogolup 

I. Revised ecological management objectives . 
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Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecoiogical 
values; 

• Moderate potential for waterbird breeding. 
• High vegetation diversity. 
• South Kogolup supports high macroinvertebrate family richness. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described sumplands of the Swan Coastal Plain as highly groundwater 
dependent. It is believed that Lake Kogolup may be partially perched however, it is not possible to 
comment on the degree of correlation between ground and surface water levels (Rockwater Pty Ltd. , 
2003). Groundwater is used for habitat, biophysical processes and consumptive uses. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer prefe rred minimum - 14 

Summer absolute minimum - 13.1 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transects at Lake 
Kogolup are presented in Table 4. Application of the approach to determine the minimum water 
requirement of wetland species (as described on p.62), indicates that at Lake Kogolup North B. juncea 
requires the highest minimum groundwater level at 15 .15 mAHD, followed by M. preissiana at 14.98 
mAHD and E. rudis at 14.34 mAHD. Therefore to meet the minimum groundwater requirements of all 
wetland vegetation on the monitoring transects at Lake Kogolup North an autumn minimum of 15 .15 
mAHD is required . It must be noted that this is a groundwater level, which is not currently reflected at 
the Lake Kogolup criteria bore, approximately I km south of North Kogolup transects I and 2. 

At Lake Kogolup South A. fascicularis has the highest minimum groundwater level requirement of 
13.14 mAHD, followed by. E. rudis at 11.74 mAHD. Therefore to meet the minimum groundwater 
requirements of all wetland vegetation on the monitoring transect at Lake Kogolup South an autumn 
minimum of 13.14 mAHD is required. 

• Waterbirds. 
High winter/spring peaks and extensive shallows are required in spring for waterbirds . A peak level of 
15.0 mAHD at Lake Kogolup South should be sufficient to inundate areas of vegetation, prevent 
encroachment into the basin and enable deep water to persist through summer. 

• Macroinvertebrates . 
South Kogolup Lake supports macroinvertebrates. In order to maintain habitat diversity, spring peak 
water levels must inundate littoral sedges and fringing vegetation each year. To inundate areas of 
sedges around the wetland a surface water level of 15.0 mAHD is required for 2 months of the year in 
at least 4 out of 6 years. 

• Sediment processes. 
To maintain sediment processes at Lake Kogolup South sediments must remain saturated throughout 
the summer each year. The water table must therefore not drop below the stratigraphic level/layer 
capable of providing water to surface organics through capillary rise during summer (0.5 m below 
ground surface) . To address PASS anaerobic sediments need to remain saturated through late summer 
and early autumn. A minimum of 14.0 mAHD (14.5 mAHD- 0.5 m) at Lake Kogolup South should be 
adequate to maintain sediment processes and water quality not related to run-off inputs . 

Shirley Balla Swamp 

I. Revised ecological management objectives. 

Centre for Ecosystem Management, ECU, Joondalup 
97 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Diverse array of vegetation, floristically and in terms of habitat for terrestrial fauna. 
• Supports high number of macroinvertebrates. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described sump lands of the Swan Coastal Plain as highly groundwater 
dependent. Although it is thought that a moderate correlation exists between surface water levels and 
groundwater levels, Shirley Balla Swamp may be partially perched and therefore influenced by rainfall 
and surface water (Rockwater Pty Ltd., 2003). Groundwater is used for habitat, biophysical processes 
and consumptive uses. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 25 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transects at Shirley Balla 
Swamp are presented in Table 4. Application of the approach to determfne the minimum water 
requirement of wetland species (as described on p.62), indicates that A. fascic11laris requires the 
highest minimum groundwater level of 23 .84 mAHD, followed by M. rhaphiophylla at 23.66 mAHD, 
M. preissiana at 23.48 mAHD, H. angustifolium at 23.17 mAHD and B. littoralis at 23.1 mAHD. 
Therefore to meet the minimum groundwater requirements of all wetland vegetation on the monitoring 
transects at Shirley Balla Swamp an autumn minimum of 23 .84 mAHD is required . It must be noted 
that this is a groundwater level, which may be adequately reflected at the Shirley Balla Swamp criteria 
bore, approximately 300m north of transect I and I 00m east of transect 2. 

• Waterbirds . 
High winter/spring peaks and extensive shallows are required in spring for waterbirds. A peak surface 
water level of 25 .227 mAHD, reached for 2 months of the year in at least 4 out of 6 years at Shirley 
Balla Swamp, should be sufficient to inundate an area of sedges in the northern area of the wetland and 
prevent encroachment into the basin. 

• Macroinvertebrates. 
Shirley Balla Swamp supports macroinvertebrates . In order to maintain habitat diversity, spring peak 
water levels must inundate littoral sedges and fringing vegetation each year. To inundate areas of 
sedges around the wetland a surface water level of25.227 mAHD is required for 2 months of the year 
in at least 4 out of 6 years. 

• Vertebrates. 
To maintain habitat diversity for terrestrial fauna the requirements of wetland vegetation, as described 
above, should be met. 

• Sediment processes. 
To maintain sediment processes at Shirley Balla Swamp organic sediments must remain saturated 
throughout the summer each year. The water table must therefore not drop below the stratigraphic 
level/layer capable of providing water to surface organics through capillary rise during summer (0.5 m 
below ground surface). A minimum of24.77 mAHD (25.27 mAHD- 0.5 m) at Shirley Balla should be 
adequate to maintain sediment processes and water quality not related to run-off inputs. 
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Twin Bartram Swamp 

1. Revised ecological management objectives . 

Recognising the· cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Potential for waterbird breeding. 
• Vegetation provides range of habitats. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described sump lands of the Swan Coastal Plain as highly groundwater 
dependent. However, a high correlation between surface and groundwater levels indicates inundation of 
Twin Bartram Swamp is in direct response to groundwater rise (Rockwater Pty Ltd., 2003). Twin 
Bartram Swamp should therefore be regarded as entirely groundwater dependent for consumptive use, 
habitat and biophysical processes. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 22.8 

Summer absolute minimum - 22.5 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transect at Twin Bartram 
Swamp are presented in Table 4. Application of the approach to determine the minimum water 
requirement of wetland species (as described on p.62), indicates that B. littoralis requires the highest 
minimum groundwater level at 22.68 mAHD, followed by T orientalis at 22.35 mAHD and M. 
rhaphiophylla at 21.16 mAHD. Therefore to meet the minimum groundwater requirements of all 
wetland vegetation on the monitoring transect at Twin Bartram Swamp an autumn minimum of 22.68 
mAHD is required. It must be noted that this is a groundwater level, which is adequately reflected at 
the Twin Bartram criteria bore within 1 Om of the monitoring transect. 

• Waterbirds. 
High winter/spring surface water levels are required for waterbirds to breed at Twin Bartram Swamp. A 
peak water level of24.0 mAHD should be sufficient to inundate vegetation and allow breeding. 

• Sediment processes. 
To maintain sediment processes at Twin Bartram Swamp organic sediments must remain saturated 
throughout the summer each year. The. water table must therefore not drop below the stratigraphic 
level/layer capable of providing water to surface organics through capillary rise during summer (0.5 m 
below ground surface) . A minimum of 2i5 mAHD (23.0 mAHD - 0.5 m) at Twin Bartram Swamp 
should be adequate to maintain sediment processes and water quality not related to run-off inputs. 

Beenyup Rd Swamp 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

, Supports Melaleuca pauciflora community. 
• Significant due to wetland size, vegetation assemblages and status. 
• Non-aquatic vertebrate habitat. 

2. Groundwater dependency analysis . 

Clifton and Evans (2001) described sump lands of the Swan Coastal Plain as highly groundwater 
dependent. This is further supported by a moderate correlation between surface and groundwater levels 
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(Rockwater Pty Ltd., 2003). Groundwater, surface water and rainfall are required for consumptive use, 
habitat and biophysical processes. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 24 

Summer absolute minimum - 23.6 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
The mean water depth ranges of wetland species found across the monitoring transect at Beenyup Rd. 
Swamp are presented in Table 4. Application of the approach to determine the minimum water 
requirement of wetland species (as described on p.62), indicates that M. rhaphiophylla requires the 
highest minimum groundwater level at 24.0 mAHD, followed by M. preissia11a at 22.38 mAHD. 
Therefore to meet the minimum groundwater requirements of all wetland vegetation on the monitoring 
transect at Beenyup Rd. Swamp an autumn minimum of23.46 mAHD is required. It must be noted that 
this is a groundwater level , which may be adequately reflected at the Beenyup Swamp criteria bore, 
approximately I 00m north of the monitoring transect. 

In addition to a minimum water level requirement, a higher peak surface water level is required to 
inundate the basin, thereby reducing the dominance of exotic annuals and possibly rehabilitating B. 
articulata. A peak level of25.0 mAHD may be sufficient to address these issues. 

• Vertebrates. 
The vegetation surrounding Beenyup Rd Swamp supports terrestrial vertebrates . The water 
requirements described above for wetland vegetation should also be sufficient to maintain terrestrial 
species. 

• Sediment processes. 
To maintain sediment processes at Beenyup Rd Swamp organic sediments must remain saturated 
throughout the summer each year. The water table must therefore not drop below the stratigraphic 
level/layer capable of providing water to surface organics through capillary rise during summer (0.5 m 
below ground surface). A minimum of 25.5 mAHD (25.0 mAHD - 0.5 m) at Shirley Balla Swamp 
shou Id be adequate to maintain sediment processes and water quality not related to run-off inputs. 

Forrestdale Lake 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Lake margins support terrestrial bird and other vertebrate species. 
• Waterbird habitat (RAMSAR wetland). 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described sump lands of the Swan Coastal Plain as highly groundwater 
dependent. However, there is a poor correlation between ground and surface water levels at Lake 
Fon-estdale and a suggestion has been made that the lake acts as a groundwater sink (Rockwater Pty 
Ltd., 2003). Groundwater, surface water and rainfall are required for consumptive use, habitat and 
biophysical processes. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 21.6 

Summer absolute minimum - 21 .1 
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b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Forrestdale Lake, a minimum groundwater level 
cannot be determined following the methodology outlined above. However, comment can be made on 
the water depth ranges and period of inundation experienced by wetland species know to occur at the 
wetland. 

Loomes (2000) described the 5 year mean and absolute water depth ranges (m) and duration of 
inundation (months/year) for the following species; 
- M. rhaphiophylla - mean 0.006 to -2.14m, absolute 1.03 to -4.49m; duration of inundation - mean 

2.15, absolute 9.4. 
- E. rudis - mean -0.7 to -3 .26m, absolute 1.03 to -6.44m; duration of inundation - mean 1.55, absolute 

12. 
- B. littoralis - mean -0.39 to -l.92m, absolute 0.43 to -3 .09m; duration of inundation - mean 0.3, 

absolute 2.8. 

• Waterbirds . 
Forrestdale Lake supports significant waterbird and wader species. High winter/spring peaks are 
important at this wetland to prevent the spread of vegetation across the basin and retain open shallows 
on which migratory waders depend in summer and autumn. A peak water level of 23 .0 mAHD for 2 
months a year in 4 out of 6 years should be sufficient to address these issues at Lake Forrestdale. 

• Vertebrates. 
Forrestdale Lake supports frog species and terrestrial vertebrate species and possibly long-necked 
tortoises . Frogs require 4 months of surface water for breeding and long-necked tortoises prefer up to 9 
months of inundation. A peak water level of 22.5 mAHD should be sufficient to retain surface water 
for an adequate period at Lake Forrestdale. 

• Sediment processes . 
To maintain sediment processes at Lake Forrestdale organic sediments must remain saturated 
throughout the summer each year. The water table must therefore not drop below the stratigraphic 
level/layer capable of providing water to surface organics through capillary rise during summer (0 .5 m 
below ground surface). A minimum of 22 .0 mAHD (22.5 mAHD - 0.5 m) should be adequate to 
maintain sediment processes and water quality not related to run-off inputs . 

Mather Reserve Swamp* 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term cljmatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports non-aquatic fauna. 
• Supports waterbirds. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described sump lands of the Swan Coastal Plain as highly groundwater 
dependent. Groundwater, surface water and rainfall are required for consumptive use, habitat and 
biophysical processes. 

3. Revised EWRs. 

a) No current EWR. 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Mather Reserve and the wetland had not been 
assessed at the time of writing, no comment can be made on water requirements of wetland species. 
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• Waterbirds. 
High winter/spring water levels are required to support waterbirds, which may require up to 6 months 
of surface water for breeding. A peak level of26 .0 mAHD may be sufficient for 2 months a year in 4 
out of 6 years may be sufficient to meet these requirements. 

• Vertebrates. 
Bushland surrounding Mather Reserve Swamp supports Quenda, a significant mammal species 
associated with dense vegetation around wetlands. Therefore meeting the EWRs of the fringing 
vegetation, should maintain this species. 

• Sediment processes. 
To maintain sediment processes at Mather Reserve Swamp organic sediments must remain saturated 
throughout the summer each year. The water table must therefore not drop below the stratigraphic 
level /layer capable of providing water to surface organics through capillary rise during summer (0.5 m 
below ground surface). As the staff gauge appears to dry at 25 .03 mAHD, a minimum level of 24.53 
mAHD should be adequate to maintain sediment processes and water quality not related to run-off 
inputs. 

Specatcles North* 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports aquatic and non-aquatic vertebrates . 
• Vegetation provides range of habitats. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described sump lands of the Swan Coastal Plain as highly groundwater 
dependent. Groundwater, surface water and rainfall are required for consumptive use, habitat and 
biophysical processes. 

3. Revised EWRs. 

a) No current EWR. 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Spectacles North and the wetland had not been 
assessed at the time of writing, no comment can be made on water requirements of wetland species. 

• Waterbirds. 
The Spectacles North supports waterbirds. Inundation of fringing Melaleuca is important for waterbird 
breeding. As the range of Melaleuca at this wetland is unknown, is not possible to determine a peak 
surface water level. 

• Vertebrates. 
Bushland surrounding the Spectacles North supports Quenda, a significant mammal species associated 
with dense vegetation around wetlands. Therefore meeting the EWRs of the fringing vegetation, should 
maintain this species. 

• Sediment processes. 
To maintain sediment processes at Spectacles North organic sediments must remain saturated 
throughout the summer each year. The water table must ·therefore not drop below the stratigraphic 
level/layer capable of providing water to surface organics through capillary rise during summer (0.5 m 
below ground surface). 
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Harrisdale Swamp* 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports non-aquatic vertebrates. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described sumplands of the Swan Coastal Plain as highly groundwater 
dependent. Groundwater, surface water and rainfall are required for consumptive use, habitat and 
biophysical processes. 

3. Revised EWRs. 

a) No current EWR. 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Harrisdale Swamp and the wetland had not been 
assessed at the time of writing, no comment can be made on water requirements of wetland species. 

• Vertebrates. 
Bushland surrounding Harrisdale Swamp supports Quenda, a significant mammal species associated 
with dense vegetation around wetlands. Therefore meeting the EWRs of the fringing vegetation, should 
maintain this species. 

• Sediment processes. 
To maintain sediment processes at Harrisdale Swamp organic sediments must remain saturated 
throughout the summer each year. The water table must therefore not drop below the stratigraphic 
level/layer capable of providing water to surface organics through capillary rise during summer (0.5 m 
below ground surface). 

Centre for Ecosystem Management, ECU, Joondalup 
103 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

TERRESTRIAL ECOSYSTEMS 

The description of EWRs for phreatophytic terrestrial vegetation is based on the depth to groundwater 
category at each 'criteria' groundwater bore (0-3 m, 3-6 m etc). Recent studies have determined 
drawdown thresholds for vegetation of each depth category (Froend & Zencich, 200 I). Thresholds are 
described as rate (m/year) and magnitude (m) of drawdown and the associated risk of impact (low, 
moderate, high, severe) (Tables 4 and 5). Water requirements of terrestrial vegetation in the 0-3m 
category have been based on drawdown thresholds determined for wetland vegetation. This is 
acceptable as most terrestrial sites in this depth category support tree species associated with wetlands 
(eg M. preissiana, E. rudis) . In the absence of water depths ranges for terrestrial species (as is available 
for wetland species) this information provides the basis for describing EWRs for terrestrial vegetation. 
However, as drawdown has already occurred at many sites, it is not appropriate to apply drawdown 
thresholds to current (2004) groundwater levels. As impacts of drawdown are generally cumulative, 
consideration must also be given to recent changes in groundwater levels . The Autumn 200 I minimum 
generally represents the water level at the start of the most recent drying cycle (2000-2004). Use of the 
2001 minimum groundwater level as a baseline for setting EWRs, therefore considers the cumulative 
impacts of recent and future declines in· groundwater levels . 

To maintain each terrestrial ecosystem at a low level of risk from drawdown, the maximum permissible 
magnitude of drawdown (m) is subtracted from the 2001 autumn minimum (mAHD). The maximum 
permissible rate of drawdown is then applied to the 2001 minimum to determine the year at which the 
minimum groundwater level can be reached . For example, at MT3S Banksia woodland occurs at 6-I0m 
depth to groundwater. It is at low risk of impact from a total drawdown of I .25m at a rate of 0.1 m/year. 
A decrease of 1.25m from the autumn 2001 minimum of 44.137mAHD results in an EWR of 
42.887mAHD. However, as the 2004 minimum of 44.067mAHD already represents a decline of 0.07m, 
levels can only fall a further 1.18m before a breach occurs. As the rate of decline required to maintain a 
low of risk of impact is 0.1 m/year, it is further stipulated that the EWR cannot be breached prior to 
2016. . 

There are a number of assumptions and limitations to this approach; 
• Water requirements are approximate as further validation is required . 
• Phreatophytic classes (0-3m etc) are based on quantitative studies of two Banksia species and have 

not considered requirements of other phreatophytic vegetation. 
• Habitat type and species present are largely undescribed. 
• Vegetation has established under a different water regime to that which currently exists. Without 

information on age class structure at individual sites it is not possible to determine under which 
regime tree root zones were set. Older trees may have established 20 years ago, younger 
individuals 3-5 years ago. Although older trees may have been lost, populations may persist due to 
recruitment of new plants under new conditions. 

• The hydrology of a terrestrial site is based on water levels as measured at groundwater monitoring 
bores . This does not represent the variation in topography and its impact on groundwater levels 
across a site. 

• The spatial area of vegetation represented by each bore is not defined . 
• Depth to groundwater contouring for 2003 as provided by WRC was significantly different to that 

provided by Water Corporation for 2000 and did not appear fully representative of groundwater 
depths measured at some bores. Discrepancies were also noted between the location of known 
areas of very shallow groundwater and surface water (eg Gingin Brook) and the levels represented 
by the contouring. These limitations were also identified by the WRC. 

• EWRs cannot be determined for ' new' terrestrial ecosystems due to the absence of hydrological 
data. 
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G11a11gara Mound 

PM24 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Regionally significant bushland/wetland linkage. 
• Bush Forever Site 382. 
• Supports one ofremaining examples of Pin jar vegetation complex in area. 
• Area supports non-aquatic fauna . 
• Supports phreatophytic vegetation at 0-3m to groundwater. 

2. Groundwater dependency analysis . 

Clifton and Evans (200 I) described sump lands of the Swan Coastal Plain as highly groundwater 
dependent. Groundwater and rainfall are required for consumptive use and biophysical processes. 

3. Revised EWRs. 

c) Superceded EWRs (mAHD). 

Summer absolute minimum - 40.5 

d) Water requirements for ecological components ofGDE. 

• Vegetation. 
As vegetation at PM24 is in the 0-3m category, occurs in the basin of Lake Pinjar and is dominated by 
the wetland species E. rudis and M. preissiana, a minimum groundwater level should not be 
determined followingthe methodology outlined above for terrestrial vegetation. However, the approach 
applied to determine wetland vegetation water requirements is appropriate. Application of this 
approach indicates that M. preissiana requires the highest minimum groundwater level of 40.96 mAHD 
with E. rudis requiring 39.9 mAHD. 

• Vertebrates. 
Bushland surrounding Lake Pinjar supports Quenda, a significant mammal species associated with 
dense vegetation around wetlands . Meeting the water requirements of the fringing vegetation, should 
maintain this species . 

MT3S 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 324. 
• Banksia woodland 6-1 Om depth to groundwater. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater. Zencich (2003) also described Banksia woodland at 6-10m depth to 
groundwater as opportunistically dependent. This ecosystem would also rely on rainfall and soil water 
for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD).­

Summer preferred minimum - 21.6. 
Summer absolute minimum - 21.1. 
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b) Water requirements for ecological components of GOE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 6-1 Om depth to groundwater category is at low risk 
of impact from a total drawdown of 1.25m at a rate of 0.1 m/year. A decrease of 1.25m from the autumn 
2001 minimum of44.137mAHD results in an EWRof42.887mAHD. However, as the 2004 min imum 
of 44.067mAHD already represents a decline of 0.07m, levels can only fall a further 1.18m before a 
breach occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is 
further stipulated that the EWR cannot be breached prior to 2016. 

MM18 

I . Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 304. 
• Banksia woodland 3-6m depth to groundwater. 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) detern1ined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3) Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 38 .6 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of 1 m from the autumn 
2001 minimum of 39.18mAHD results in an EWR of 38. 18mAHD. However, as the 2004 minimum of 
38.SmAHD already represents a decline of 0.68m, levels can only fall a further 0.32m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further 
stipulated that the EWR cannot be breached prior to 2007. 

• Vertebrates. 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

MM53 

I . Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 304. 
• Banksia woodland 3-6m depth to groundwater. 
• Area supports non-aquatic fauna. 

Centre for Ecosystem Management, ECU, Joondalup 
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2. Groundwater dependency analysis. 

Although Clifton and Evans (2001) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 33.3 

c) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I.Om at a rate of 0.1 m/year. A decrease of 1 m from the autumn 
2001 minimum of33.37mAHD results in an EWR of32.37mAHD. However, as the 2004 minimum of 
33 .26mAHD already represents a decline of 0.11 m, levels can only fall a further 0.89m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further 
stipulated that the EWR cannot be breached prior to 2013. 

• Vertebrates. 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

MM59B 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Disturbed phreatophytic vegetation. 
• Bush Foreer Site 304. 
• Banksia woodland 3-6m depth to groundwater. 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 36.3 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 
2001 minimum of36.196mAHD results in an EWR of35.196mAHD. However, as the 2004 minimum 
of 36.016mAHD already represents a decline of 0.18m, levels can only fall a further 0.82m before a 
breach occurs . As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is 
further stipulated that the EWR cannot be breached prior to 2013 . 

• Vertebrates . 
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The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

MMSSB 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Disturbed phreatophytic vegetation . 
• Bush Forever Site 304. 
• Melaleuca woodland 0-3m depth to groundwater. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described sump lands of the Swan Coastal Plain as highly groundwater 
dependent. Groundwater and rainfall are required for consumptive use and biophysical processes. 

3 . Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 29.5 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
As vegetation at MM55B is in the 0-3m category and is dominated by the wetland species M. 
preissiana, a minimum groundwater level should not be determined following the methodology 
outlined above for terrestrial vegetation. However, the approach applied to determine wetland 
vegetation water requirements is appropriate. Application of this approach indicates that M. preissiana 
requires a minimum groundwater level of29.38 mAHD. 

MM16 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 196. 
• Banksia woodland 3-6m depth to groundwater. 
• Area supports TEC SCP 20a (Telstra0 1-08). 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 38.8 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 
2001 minimum of 38.8mAHD results in an EWR of 37.8mAHD. However, as the 2004 minimum of 
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38.8mAHD already represents a decline of Om, levels can only fall a further I .Om before a breach 
occurs: As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further 
stipulated that the EWR cannot be breached prior to 2014. 

• Vertebrates. 
The area supports significant mammal species. Meeting the water requirements of Banksia woodland, 
should maintain these species. 

PM9 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Disturbed phreatophytic vegetation. 
• Bush Forever Site 380. 
• Banksia woodland 6-1 Om depth to groundwater. 
• Area supports non-aquatic fauna. 
• Regionally significant contiguous bushland linkage. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater. This ecosystem would also rely on rainfall and soil water for biophysical 
processes and habitat. 

3. Revised EWRs . 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 56.3 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 6-1 Om depth to groundwater category is at low risk 
of impact from a total drawdown of 1.25m at a rate of 0.1 m/year. A decrease of 1.25m from the autumn 
2001 minimum of 57.04mAHD results in an EWR of55.79mAHD. However, as the 2004 minimum of 
56.63mAHD already represents a decline of 0.41 m, levels can only fall a further 0.84m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further 
stipulated that the EWR cannot be breached prior to 2013. 

• Vertebrates. 
The area supports significant mammal species. Meeting the water requirements of Banksia woodland, 
should maintain these species. 

WMl 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 398. 
• Banksia woodland 3-6m depth to groundwater. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

Centre for Ecosystem Management, ECU, Joondalup 
109 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 55 .7 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 
2001 minimum of 55 .7mAHD results in an EWR of 56.7mAHD. However, as the 2004 minimum of 
55.435mAHD already represents a decline of 0.265m, levels can only fall a further 0.735m before a 
breach occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is 
further stipulated that the EWR cannot be breached prior to 2012. 

WM2 

I . Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 399. 
• Banksia woodland 3-6m depth to groundwater. 
• Regionally significant area of bushland. 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) dete1mined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 66.5 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 
2001 minimum of67.495mAHD results in an EWR of66.495mAHD. However, as the 2004 minimum 
of 67 .325mAHD already represents a decline of 0.17111 , levels can only fall a further 0.83111 before a 
breach occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is 
further stipulated that the EWR cannot be breached prior to 2013 . 

• Vertebrates. 
The area supports significant mammal and reptile species . Meeting the water requirements of Banksia 
woodland, should maintain these species . 

WMS 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-teri:n climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
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• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 399. 
• Banksia woodland 3-6m depth to groundwater. 
• Regionally significant area of bushland. 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (2001) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 64.8 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of 1 m from the autumn 
2001 minimum of65.517mAHD results in an EWR of64.517mAHD. However, as the 2004 minimum 
of 65.567mAHD represents an increase of 0.05m, levels can fall a further 1.05m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further 
stipulated that the EWR cannot be breached prior to 2015. 

• Vertebrates. 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

NR6C 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 399. 
• Banksia woodland 3-6m depth to groundwater. 
• Regionally significant area of bushland. 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (2001) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 58.5 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
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It is currently thought that Banksia woodland in the _ 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 
200 I minimum of 59.635mAHD results in an EWR of 58.635mAHD. However, as the 2004 minimum 
of 59.395mAHD already represents a decline of 0.24m, levels can only fall a further 0.76m before a 
breach occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is 
further stipulated that the EWR cannot be breached prior to 2012. 

• Vertebrates. 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

NRllC 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 399. 
• Banksia woodland 3-6m depth to groundwater. 
• Regionally significant area of bushland. 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 55.0 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 
2001 minimum of 55 .521mAHD results in an EWR of 54.521mAHD. However, as the 2004 minimum 
of 55.60 I mAHD represents an increase of 0.08m, levels can fall a further 1.08m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further 
stipulated that the EWR cannot be breached prior to 2015. 

• Vertebrates. 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these·species. 
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L30C 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 399. 
• Banksia woodland 3-6m depth to groundwater. 
• Regionally significant area of bushland. 
• Area supports non-aquatic fauna 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 47.2 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 
2001 minimum of 48.594mAHD results in an EWR of 47.594mAHD. However, as the 2004 minimum 
of 48.474mAHD already represents a decline of 0.12m, levels can only fall a further 0.88m before a 
breach occurs. As the rate of decline required to maintain a low of risk of impact is 0. 1 m/year, it is 
further stipulated that the EWR cannot be breached prior to 2013. 

• Vertebrates. 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

LllOC 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Banksia woodland 6-1 Om depth to groundwater. 
• Regionally significant area of bushland. 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater. This ecosystem would also rely on rainfall and soil water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 55 .7 

Centre for Ecosystem Management, ECU, Joondalup 
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b) Water requirements for ecological components of GDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 6-1 Om depth to groundwater category is at low risk 
of impact from a total drawdown of 1.25m at a rate of 0.1 m/year. A decrease of 1.25m from the autumn 
200 I minimum of 58.062mAHD results in an EWR of 57.062mAHD. However, as the 2004 minimum 
of 57.842mAHD already represents a decline of 0.22m, levels can only fall a further 1.03m before a 
breach occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is 
further stipulated that the EWR cannot be breached prior to 2015. 

• Vertebrates. 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

L220C 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 399. 
• Banksia woodland 3-6m depth to groundwater. 
• Regionally significant area of bushland. 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 52.2 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of 1 m from the autumn 
2001 minimum of 53 .041mAHD results in an EWR of 52.041mAHD. However, as the 2004 minimum 
of 52.881 mAHD already represents a decline of 0.16m, levels can only fall a further 0.84m before a 
breach occurs. As the rate of decline required to maintain a low of risk of impact is O.lm/year, it is 
further stipulated that the EWR cannot be breached prior to 2013. 

• Vertebrates . 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

MM12 

I. Revised ecological management objectives . 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

Centre for Ecosystem Management, ECU, Joondalup 
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• Undisturbed phreatophytic vegetation. 
• Bush Forever Site 192. 
• Banksia woodland 3-6m depth to groundwater. 
• Area supports non-aquatic fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south0westem WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. This ecosystem would also rely 
on rainfall and soil water for biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer absolute minimum - 42.0 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 
2001 minimum of 43.240mAHD results in an EWR of 42.240mAHD. However, as the 2004 minimum 
of 42.77mAHD already represents a decline of 0.47m, levels can only fall a further 0.53m before a 
breach occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is 
further stipulated that the EWR cannot be breached prior to 2010. 

• Vertebrates. 
The area supports significant mammal species. Meeting the water requirements of Banksia woodland, 
should maintain these species. 

Ridges* 

I . Revised ecological management objectives . 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Supports non-aquatic fauna: 
• Supports TEC (SCP26a). 
• Bush Forever Site 381. 
• Banksia woodland 6- I Om depth to groundwater. 
• Representative of terrestrial vegetation with respect to structure and composition. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater. This ecosystem would also rely on rainfall and soil water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Groundwater monitoring bore GNMI IA may be most representative of the 
groundwater levels in the area. 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 6-1 Om depth to groundwater category is at low risk 
of impact from a total drawdown of 1.25m at a rate ofO.lm/year. 

• Vertebrates. 

Centre for Ecosystem Management, ECU, Joondalup 
115 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

Rosella Rd Bushland (north)* 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Area supports non-aquatic fauna. 
• Banksia woodland at 3-6m and 6-1 Om depth to groundwater. 
• Bush Forever Site 380. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as 
opportunistically dependent on groundwater, further research by Zencich (2003) determined Banksia 
woodland at 3-6m depth to groundwater was proportionally dependent. Banksia woodland at 6-10 m is 
likely to be opportunistically dependent. This ecosystem would also rely on rainfall and soil water for 
biophysical processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore if any, would be most 
representative of the area. 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk 
of impact from a total drawdown of I.Om at a rate of 0.1 m/year. Banksia woodland in the 6-1 Om depth 
to groundwater category is at low risk of impact from a total drawdown of 1.25m at a rate of 0.1 m/year. 

• Vertebrates. 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

Muchea Air Weapons Range* 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Supports non-aquatic fauna. 
• Banksia woodland at 6-1 Om depth to groundwater.. 
• Representative of terrestrial vegetation with respect to structure and composition. 
• Bush Forever Site 462. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater. This ecosystem would also rely on rainfall and soil water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater bore would be most representative of 
groundwater levels in the area. 

b) Water requirements for ecological components ofGDE. 
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• Vegetation. 
It is currently thought that Banksia woodland in the 6-1 Om depth to groundwater category is at low risk 
of impact from a total drawdown of 1.25m at a rate of 0.1 m/year. 

• Vertebrates. 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

Centre for Ecosystem Management, ECU, Joondalup 
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Ja11dakot 

JE17C 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Eucalyptus rudis/M elaleuca preissiana woodland occurring in area 0-3m to groundwater. 
• Bush Forever Site 391. 
• Reserve supports non-aquatic fauna. 
• Reserve supports priority flora. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described sump lands of the Swan Coastal Plain as highly groundwater dependent. 
Groundwater and rainfall are required for consumptive use and biophysical processes. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 16.8 
Summer absolute minimum - 16.3 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As vegetation at JE I 7C is in the 0-3m category and is dominated by the wetland species E. rudis and M . 
preissiana, a minimum groundwater level should not be determined following the methodology outlined 
above for terrestrial vegetation. However, the approach applied to determine wetland vegetation water 
requirements is appropriate. Application of this approach indicates that M . preissia11a requires the highest 
minimum groundwater level of 16.347 mAHD with E. rudis requiring 15.707 mAHD. 

• Vertebrates. 
The area supports significant mammal species. Meeting the water requirements of Ba11ksia woodland, should 
maintain these species. 

JEIOC 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Ba11ksia woodland occurring in area 3-6m to groundwater. 
• Bush Forever Site 344. 
• Representative of terrestrial vegetation with respect to structure, composition and fauna habitat. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Ba11ksia woodlands of south-western WA as opportunistically 
dependent on groundwater, further research by Zencich (2003) determined Banksia woodland at 3-6m depth 
to groundwater was proportionally dependent. This ecosystem would also rely on rainfall and soil water for 
biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 21.8 
Summer absolute minimum - 21 .3 

b) Water requirements for ecological components of GOE. 

Centre for Ecosystem Management, ECU, Joondalup I 18 
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• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I.Om at a rate of O.lm/year. A decrease of Im from the autumn 2001 
minimum of 23.075mAHD results in an EWR of 22.075mAHD. However, as the 2004 minimum of 
23.825mAHD represents an increase of 0.75m, levels can fall a further 1.75m before a breach occurs. As the 
rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated that the EWR 
cannot be breached prior to 2022. 

JM19 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Banksia woodland occurring in area 6-1 Om to groundwater. 
• Bush Forever Site 390. 
• Representative of terrestrial vegetation with respect to structure, composition and fauna habitat. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described Banksia woodlands of south-western WA as opportunistically dependent 
on groundwater. Zencich (2003) also described Banksia woodland at 6-1 Om depth to groundwater as 
opportunistically dependent. This ecosystem would also rely on rainfall and soil water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 25.26 
Summer absolute minimum - 24.76 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 6-1 Om depth to groundwater category is at low risk of 
impact from a total drawdown of 1.25m at a rate of 0.1 m/year. A decrease of 1.25m from the autumn 200 I 
minimum of25.08mAHD results in an EWR of23 .83mAHD. However, as the 2004 minimum of24.9mAHD 
represents a decline of 0.18m, levels can only fall a further 1.07m before a breach occurs. As the rate of 
decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated that the EWR cannot 
be breached prior to 2015 . 

JM31 
I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Banksia woodland occurring in area 3-6m to groundwater. 
• Bush Forever Site 344. 
• Representative of terrestrial vegetation with respect to structure, composition and fauna habitat. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater, further research by Zencich (2003) determined Banksia woodland at 3-6m depth 
to groundwater was proportionally dependent. This ecosystem would also rely on rainfall and soil water for 
biophysical processes and habitat. 

3. Revised EWRs. 
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c) Superceded EWRs (mAHD). 

Summer preferred minimum - 24.05 
Summer absolute minimum - 23.55 

d) Water requirements for ecological components ofGDE. 

• Vegetation. 

FINAL 

It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I.Om at a rate of 0.1 m/year. A decrease of Im from the autumn 200 I 
minimum of25.0lmAHD results in an EWR of24.0lmAHD. However, as the 2004 minimum of24.9mAHD 
already represents a decline of 0.11 m, levels can only fall a further 0.89m before a breach occurs. As the rate 
of decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated that the EWR 
cannot be breached prior to 2013. 

• Vertebrates. 
The area supports significant mammal species. Meeting the water requirements of Banksia woodland, should 
maintain these species. 

JM35 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Ba11ksia woodland occurring in area 3-6m to groundwater. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater, further research by Zencich (2003) determined Banksia woodland at 3-6m depth 
to groundwater was proportionally dependent. This ecosystem would also rely on rainfall and soil water for 
biophysical processes and habitat. 

3. Revised EWRs. 

a) Superseded EWRs (mAHD). 

Summer preferred minimum - 21.25 
Summer absolute minimum - 20.75 

b) Water requirements for ecological components of GDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I.Om at a rate of O.lm/year. A decrease of Im from the autumn 2001 
minimum of 23.44mAHD results in an EWR of 22.44mAHD. However, as the 2004 miniinum of 
23.41mAHD already represents a decline of 0.03m, levels can only fall a further 0.97m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated 
that the EWR cannot be breached prior to 2014. 

JE4C 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Mixed Melaleuca sp./Banksia woodland occurring in area 3-6m to groundwater. 
• Bush Forever Site 344. 
• Important bird breeding area protected under JAMBA/CAMBA. 
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2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described Melaleuca!Banksia woodlands of south-western WA as proportionally 
dependent on groundwater. This ecosystem would also rely on rainfall and soil water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 24.0 
Summer absolute minimum - 23 .5 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I .Om at a rate of 0.lm/year. A decrease of Im from the autumn 2001 
minimum of 24.098mAHD results in an EWR of 23 .098mAHD. However, as the 2004 minimum of 
24.158mAHD already represents a decline of 0.06m, levels can only fall a further 0.94m before a breach 
occurs. As the rate of decline required to maintain a low ofrisk of impact is 0.1 m/year, it is further stipulated 
that the EWR cannot be breached prior to 2014. 

• Vertebrates . 
The area supports significant mammal species. Meeting the water requirements of Banksia woodland, should 
maintain these species. 

JM7 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• M. preissiana/E. rudis/Banksia woodland occurring in area 3-6m to groundwater. 
• Bush Forever Site 388 . 
• Area supports non-aquatic fauna. 
• No current record of rare orchid species. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described Melaleuca/Banksia woodlands of south-western WA as proportionally 
dependent on groundwater. This ecosystem would also rely on rainfall and soil water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 23 .17 
Summer absolute minimum - 22.67 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I.Om at a rate of 0.lm/year. A decrease of Im from the autumn 2001 
minimum of 23 .061mAHD results in an EWR of 22.06lmAHD. However, as the 2004 minimum of 
22.79lmAHD already represents a decline of 0.27m, levels can only fall a further 0.73m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated 
that the EWR cannot be breached prior to 2012. 

• Vertebrates. 
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The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

JM8 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Banksia woodland occurring in area 3-6m to groundwater. 
• Bush Forever Site 388. 
• Area supports non-aquatic fauna. 
• Supports rare orchid species. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater, further research by Zencich (2003) determined Banksia woodland at 3-6m depth 
to groundwater was proportionally dependent. This ecosystem would also rely on rainfall and soil water for 
biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 24.43 
Summer absolute minimum - 23.93 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 200 I 
minimum of 24.38mAHD results in an EWR of 23.38mAHD. However, as the 2004 minimum of 
24.36mAHD already represents a decline of 0.02m, levels can only fall a further 0.98m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated 
that the EWR cannot be breached prior to 2014. 

• Vertebrates . 
The area supports significant mammal and reptile species. Meeting the water requirements of Banksia 
woodland, should maintain these species. 

JM45 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Mixed Banksia/ E. rudis I M. preissiana woodland occurring in area 3-6m to groundwater. 
• No current record of rare orchid species . 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described Melaleuca/Ba11ksia woodlands of south-western WA as proportionally 
dependent on groundwater. This ecosystem would also rely on rainfall and soil water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 24.02 
Summer absolute minimum - 23.52 
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b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that mixed Banksia/ E. rudis I M. preissiana woodland in the 3-6m depth to 
groundwater category is at low risk of impact from a total drawdown of I.Om at a rate of O.lm/year. A 
decrease of Im from the autumn 2001 minimum of 23.71 lmAHD results in an EWR of 22.71 lmAHD. 
However, as the 2004 minimum of 23 .431 mAHD already represents a decline of 0.28m, levels can only fall a 
further 0.72m before a breach occurs. As the rate of decline required to maintain a low of risk of impact is 
0.1 m/year, it is further stipulated that the EWR cannot be breached prior to 2012. 

8284 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Mixed Banksia/ E. rudis I M. preissiana woodland occurring in area 3-6m· to groundwater. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described Melaleuca/Banksia woodlands of south-western WA as proportionally 
dependent on groundwater. This ecosystem would also rely on rainfall and soil water for biophysical 
processes and habitat. 

3. Revised EWRs . 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 24.82 
Summer absolute minimum - 23.32 

b) Water requirements for ecological components ofGDE. 

• Vegetation . 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I.Om at a rate of O.lm/year. A decrease of Im from the autumn 2001 
minimum of 25.345mAHD results in an EWR of 24.345mAHD. However, as the 2004 minimum of 
25.125mAHD already represents a decline of 0 .22m, levels can only fall a further 0.78m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated · 
that the EWR cannot be breached prior to 2012. 

JM49 

1. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Melaleuca/Banksia woodland occurring in area 3-6m to groundwater. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described sump lands of the Swan Coastal Plain as highly groundwater dependent. 
Groundwater and rainfall are required for consumptive use and biophysical processes. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 22.34 
Summer absolute minimum - 21.84 
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b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I .Om at a rate of 0.1 m/year. A decrease of Im from the autumn 200 I 
minimum of 23.09lmAHD results in an EWR of 22.091mAHD. However, as the 2004 minimum of 
23.251 mAHD already represents a decline of 0.16m, levels can only fall a further 0.84m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated 
that the EWR cannot be breached prior to 2013. 

JM39 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Banksia woodland occurring in area 3-6m to groundwater. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Ba11ksia woodlands of south-western WA as opportunistically 
dependent on groundwater, further research by Zencich (2003) determined Ba11ksia woodland at 3-6m depth 
to groundwater was proportionally dependent. This ecosystem would also rely on rainfall and soil water for 
biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 21.2 
Summer absolute minimum - 20.7 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I.Om at a rate of O.lm/year. A decrease of Im from the autumn 2001 
minimum of 21.597mAHD results in an EWR of 20.597mAHD. However, as the 2004 minimum of 
2 I .827mAHD represents an increase of 0.23m, levels can only fall a further 1.23m before a breach occurs. 
As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated that the 
EWR cannot be breached prior to 2017. 

JM16 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Ba11ksia woodland occurring in area 3-6m to groundwater. 
• Bush Forever Site 253 . 
• Area supports non-avian fauna. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Ba11ksia woodlands of south-western WA as opportunistically 
dependent on groundwater, further research by Zencich (2003) determined Banksia woodland at 3-6m depth 
to groundwater was proportionally dependent. This ecosystem would also rely on rainfall and soil water for 
biophysical processes and habitat. 

3. Revised EWRs. 
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a) Superceded EWRs (mAHD). 

Summer preferred minimum - 23.9 
Summer absolute minimum - 23 .4 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 

FINAL 

It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I.Om at a rate of O.Jm/year. A _decrease of Im from the autumn 2001 
minimum of24.59mAHD results in an EWR of23 .59mAHD. However, as the 2004 minimum of24.3mAHD 
already represents a decline of0.29m, levels can only fall a further 0.71m -before a breach occurs. As the rate 
of decline required to maintain a low of risk of impact is 0. Im/year, it is further stipulated that the EWR 
cannot be breached prior to 2012. 

• Vertebrates. 
The area supports significant mammal species. Meeting the water requirements of Banksia woodland, should 
maintain these species. 

JM14 
I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Banksia woodland occurring in area 3-6m to groundwater. 
• Bush Forever Site 389. 
• Representative of terrestrial vegetation with respect to structure, composition and fauna habitat. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (2001) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater, further research by Zencich (2003) determined Banksia woodland at 3-6m depth 
to groundwater was proportionally dependent. This ecosystem would also rely on rainfall and soil water for 
biophysical processes and habitat. 

3. Revised EWRs. 

a) Superceded EWRs (mAHD). 

Summer preferred minimum - 23.39 
Summer absolute minimum - 23 .89 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I.Om at a rate of O.Jm/year. A decrease of Im from the autumn 2001 
minimum of 24.71mAHD results in an EWR of 23 .7JmAHD. However, as the 2004 minimum of 
24.59mAHD already represents a decline of 0 .12m, levels can only fall a further 0.88m before a breach 
occurs. As the rate of decline required to maintain a low of risk of impact is 0.1 m/year, it is further stipulated 
that the EWR cannot be breached prior to 2013 . 

• Vertebrates. 
The area supports fauna . Meeting the water requirements of Banksia woodland, should maintain these 
species . 

Anstey/Keane Bushland* 

I. Revised ecological management objectives . 
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Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 
• Bush Forever Site 342. 
• Me/aleuca/Banksia woodland 3-6m to groundwater. 

2. Groundwater dependency analysis. 

Although Clifton and Evans (200 I) described Banksia woodlands of south-western WA as opportunistically 
dependent on groundwater, further research by Zencich (2003) determined Banksia woodland at 0-3m depth 
to groundwater was proportionally dependent. This ecosystem would also rely on rainfall and soil water for 
biophysical processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater bore would be most representative of groundwater 
levels in the area. 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
It is currently thought that Banksia woodland in the 3-6m depth to groundwater category is at low risk of 
impact from a total drawdown of I .Om at a rate of0. Im/year. 
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BASE-FLOW SYSTEMS 

There are neither staff gauges nor groundwater monitoring bores in the vicinity of the base-flow systems 
discussed in this study. There is also insufficient knowledge of vegetation and fauna] community structure 
and their water requirements to allow comment on possible flow requirements of these ecosystems. However, 
comments can be made on general requirements of vegetation, vertebrates,°macroinvertebrates and sediments 
following the same principles applied to wetlands. 

Bennett Brook* 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; · 

• Supports diverse fish species and other dependent aquatic vertebrates and inverebrates. 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described base-flow dependent ecosystems of south-western WA as proportionally 
dependent on groundwater. This ecosystem would also rely on rainfall and surface water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. May also require installation of a staff gauge. 

b) Water requirements for ecological components ofGDE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Bennett Brook, a minimum groundwater level cannot be 
determined following the methodology outlined above. Although wetland and vegetation condition had not 
been assessed at the time of writing, M. rhaphiophylla and E. rudis occur at Mussel Pool. Comment can 
therefore be made on the water depth ranges and period of inundation experienced by these wetland species. 

Loomes (Loomes, 2000) described the 5 year mean and absolute water depth ranges (m) and duration of 
inundation (months/year) for the following species; 
- M. rhaphiophylla; mean 0.006 to -2. I 4m, absolute 1.03 to -4.49m; duration of inundation - mean 2.15, 

absolute 9.4(months/year). 
- E. rudis; mean -0.7 to -3.26m, absolute 1.03 to -6.44m; duration of inundation - mean 1.55, absolute 12 

(months/year). 

• Macroinvertebrates. 
Due to the importance of vegetation assemblages as habitat, vegetation EWRs can be considered a surrogate 
for macro invertebrate EWRs. Emergent species and littoral vegetation are likely to be of greatest importance 
for habitat at Bennet Brook. 

• Vertebrates. 
Bennett Brook supports a diverse assemblage offish species. Fish require permanent inundation however, 
can survive in isolated permanent pools over summer. Frogs require 4 months of inundation to breed. 

• Sediment processes. 
To maintain sediment processes at Lake Forrestdale organic sediments must remain saturated throughout the 
summer each year. The water table must therefore not drop below the stratigraphic level/layer capable of 
providing water to surface organics through capillary rise during summer (0.5 m below ground surface). 

Quin Brook* 

I . Revised ecological management objectives. 
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Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Supports dependent vertebrates. 
• Near pristine vegetation provides fauna habitat. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described base-flow dependent ecosystems of south-western WA as proportionally 
dependent on groundwater. This ecosystem would also rely on rainfall and surface water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. May also require installation of a staff gauge. 

b) Water requirements for ecological components of GOE. 

• Vegetation. 
As there is not a vegetation monitoring transect at Quin Brook; a minimum groundwater level cannot be 
determined following the methodology outlined above. However, comment can be made on the water depth 
ranges and period of inundation experienced by wetland species know to occur at the wetland. 

Loomes (Loomes, 2000) described the 5 year mean and absolute water depth ranges (m) and duration of 
inundation (months/year) for the following species; 
- M. rhaphiophylla; mean 0.006 to -2.14m, absolute 1.03 to -4.49m; duration of inundation - mean 2.15, 

absolute 9.4(months/year). 
- E. rudis; mean -0.7 to -3.26m, absolute 1.03 to -6.44m; duration of inundation - mean 1.55, absolute 12 

(months/year). . 
- B. littoralis; mean -0.39 to -l.92m, absolute 0.43 to -3.09m; duration of inundation - mean 0.3, absolute 

2.8 (months/year). 
- M. preissiana; mean -0.54 to -2.62m, absolute 1.03 to -5 .04m; duration of inundation - mean 0.6, absolute 

4.4 (months/year). 

• Macroinvertebrates. 
Due to the importance of vegetation assemblages as habitat, vegetation EWRs can be considered a surrogate 
for macro invertebrate EWRs. Emergent species and littoral vegetation are likely to be of greatest importance 
for habitat at Quin Brook. 

• Vertebrates. 
Quin Brook may support fish species. Fish require permanent inundation however, can survive in isolated 
permanent pools over summer. It is likely that frogs also occur at Quin Brook. Frog species require 4 months 
of inundation to breed. The relationship between groundwater and upland vegetation may also be important 
for terrestrial fauna. 

• Sediment processes. 
To maintain sediment processes at Lake Forrestdale organic sediments must remain saturated throughout the 
summer each year. The water table must therefore not drop below the stratigraphic level/layer capable of 
providing water to surface organics through capillary rise during summer (0 .5 m below ground surface). 
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AQUIFER AND CA VE ECOSYSTEMS 

The proximity of bores to each of the caves is not known and therefore the relationship between bore water 
levels and the elevation (mAHD) of the caves is unknown. Until the location of the bores is known relative to 
the caves, it is not possible to determine the point at which water levels in the bores will fall below the floor 
of the specific caves. The elevation (mAHD) of the caves vary from I 1.316 (Boomerang Cave) to 6.186 
(Water Cave) . Bores YN3, YN4 and YN5 are in the vicinity and water levels in these bores vary from 12 to 8 
mAHD. However, from plots of water levels in these bores it can be seen that groundwater levels in all bores 
are declining, and minimum summer levels would be below the floor of some of the caves but not others -
depending upon which bore was used against which cave. 

It is already known that streams in some caves now run dry in summer. For example, Cabaret, Boomerang 
and Carpark Caves all cease flowing in summer, and have done so for the last few years. ln fact , groundwater 
levels have declined to such an extent that streams in Cabaret and Boomerang no longer flow in winter either. 
This suggests that groundwater levels have fallen below the AHD of these caves for the whole year. 

In general terms, if the current trends of declining maximum winter and mm1mum summer groundwater 
levels continue, then flows to these caves will not return. Also, caves which contain pools of water which 
currently are present throughout the year (i.e. Water Cave, Orpheus Cave, cave YN555 on Lot 51) may start 
to dry. For example, water levels in Water Cave drop by several ems each summer, although the pool is still 
permanent. However, this seasonal decline in Water Cave either reflects a reduced hydrostatic head in 
summer, or else that minimum summer groundwater level is starting to drop below the floor of this cave. A 
further decline in groundwater level of 50 - 70 cm would see Water Cave dry in summer. 

Before the effects of these continuing trends may be more accurately determined, the relationship of water 
levels in monitoring bores to the AHD of the caves must be established by determining the exact proximity of 
each bore to each cave. However, as the cave floor level (mAHD) has been measured at Water Cave, Carpark 
Cave, Boomerang Cave and Cabaret Cave, an interim EWR that allows each cave to be inundated to a 
minimum dept of0.2 m can be described. 

Crystal Cave (YNl) 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave streams and pools support unique aquatic fauna . 

2. Groundwater dependency analysis . 

Clifton and Evans (200 I) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 

a. No current EWR. Not known which groundwater monitoring bore would be most representative 
of groundwater levels in the area. 

b. Water requirements for ecological components ofGDE. 

• Macroinvertebrates 
Ancient cavemicoles most critical in terms thresholds - require perennial and stable flows to provide approx 
2 - 3 ems depth in streams on cave floor with deeper pools of up to IO - 20 ems. Therefore, maintain 
groundwater depth and hydrostatic head to maintain these flows. Do not know AHD of bores/levels to 
achieve this. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal die!, seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 
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Water Cave (YNll) 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise tne contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave pool and streams support unique fauna (cave root mat TEC). 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. May also require installation of a staff gauge. 

b) Water requirements for ecological components ofGDE. 

• Macroinvertebrates 
Water body is a standing pool of exposed water (presumably extends into floor of cave, with no perceptable 
flows). Excessive declines in levels are known to expose suspended root mats which then die-off and fauna 
are lost. Therefore, requires stable water levels. A spring minimum water level of 6.386 mAHD (6.186 
mAHD + 0.2 m) may be adequate to meet these requirements. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal die! , seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 

Carpark Cave (YN18) 

I . Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values ; · 

• Cave pool and streams support unique fauna (cave root mat TEC). 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. May also require installation of a staff gauge. 

b) Water requirements for ecological components of GOE. 
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• Macroinvertebrates 
Ancient cavemicoles most critical in terms thresholds - require perennial and stable flows to provide approx 
2-3 ems depth in streams on cave floor with deeper pools of up to 10-20 ems. Therefore, maintain 
groundwater depth and hydrostatic head to maintain these flows. A spring minimum water level of 7.86 
mAHD (7.66 mAHD + 0.2 m) may be adequate to meet these requirements. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal diel, seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 

Gilgie Cave (YN27) 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave pool and streams support unique fauna (cave root mat TEC). 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described base-flow dependent ecosystems of south-western WA as proportionally 
dependent on groundwater. This ecosystem would also rely on rainfall and surface water for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. May also require installation of a staff gauge. 

b) Water requirements for ecological components ofGDE. 

• Macroinvertebrates 
Ancient cavemicoles most critical in terms thresholds - require perennial and stable flows to provide approx 
2-3 ems depth in streams on cave floor with deeper pools of up to 10-20 ems. Therefore, maintain 
groundwater depth and hydrostatic head to maintain these flows. Do not know AHD of bores/levels to 
achieve this. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal diel, seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 

Cabaret Cave (YN30) 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave pool and streams support unique fauna (cave root mat TEC). 

2. Groundwater dependency analysis. 

Clifton and Evans (2001) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. May also require installation of a staff gauge. 

Centre for Ecosystem Management, ECU, Joondalup 131 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

b) Water requirements for ecological components ,ofGDE. 

• Macroinvertebrates 
Ancient cavernicoles most critical in terms thresholds - require perennial and stable flows to provide approx 
2-3 ems depth in streams on cave floor with deeper pools of up to I 0-20 ems. Therefore, maintain 
groundwater depth and hydrostatic head to maintain these flows . A spring minimum water .level of 11.375 
mAHD ( 11.175 mAHD + 0.2 m) may be adequate to meet these requirements. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal diel, seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 

Boomerang Cave (YN99) 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave pool and streams support unique fauna (cave root mat TEC). 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area . 

b) Water requirements for ecological components ofGDE. 

• Macroinvertebrates 
Ancient cavernicoles most critical in terms thresholds - require perennial and stable flows to provide approx 
2-3 ems depth in streams on cave floor with deeper pools of up to I 0-20 ems. Therefore, maintain 
groundwater depth and hydrostatic head to maintain these flows. A spring minimum water level of 11 .516 
mAHD ( 11.316 mAHD + 0.2 m) may be adequate to meet these requirements. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal diet, seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 

Twilight Cave (YN194) 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave pool and streams support unique fauna (cave root mat TEC). 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 
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a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. 

• 

b) Water requirements for ecological components ofGDE. 

Macroinvertebrates 
Ancient cavemicoles most critical in terms thresholds - require perennial and stable flows to provide approx 
2-3 ems depth in streams on cave floor with deeper pools of up to I 0-20 ems. Therefore, maintain 
groundwater depth and hydrostatic head to maintain these flows. Do not know AHD of bores/levels to 
achieve this . 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal diel, seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 

YN61* 

I. . Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave pool and streams support unique fauna. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. 

b) Water requirements for ecological components ofGDE. 

• Macroinvertebrates 
Water body is a standing pool of exposed water (presumably extends into floor of cave, with no perceptible 
flows) . Excessive declines in levels are known to expose suspended root mats which then die-off and fauna 
are lost. Therefore, requires stable water levels. Do not know AHD of bores/levels to achieve this. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal die!, seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 

YN555* 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave pool and streams support unique fauna. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 
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a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. 

b) Water requirements for ecological components ofGDE. 

• Macroinvertebrates 
Water body is a standing pool of exposed water (presumably extends into floor of cave, with no perceptible 
flows) . Excessive declines in levels are known to expose suspended root mats which then die-off and fauna 
are lost. Therefore, requires stable water levels. Do not know AHD of bores/levels to achieve this. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal diel , seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 

Orpheus Cave (YN256)* 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave pool and streams support unique fauna. 

2. Groundwater dependency analysis . 

Clifton and Evans (200 I) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most represe·ntative of 
groundwater levels in the area. 

b) Water requirements for ecological components of GDE. 

• Macroinvertebrates 
Water body is a standing pool of exposed water (presumably extends into floor of cave, with no perceptible 
flows). Excessive declines in levels are known to expose suspended root mats which then die-off and fauna 
are lost. Therefore, requires stable water levels. Do not know AHD of bores/levels to achieve this. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal die! , seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 

Jackhammer Cave (YN438)* 

I. Revised ecological management objectives. 

Recognising the cumulative impacts of abstraction history and long-term climatic and land use change, 
minimise the contribution of groundwater abstraction to progressive decline in the following ecological 
values; 

• Cave pool and stream support unique fauna .. 

2. Groundwater dependency analysis. 

Clifton and Evans (200 I) described karstic ecosystems as entirely dependent on groundwater for biophysical 
processes and habitat. 

3. Revised EWRs. 

a) No current EWR. Not known which groundwater monitoring bore would be most representative of 
groundwater levels in the area. 

b) Water requirements for ecological components ofGDE. 
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• Macroinvertebrates 
Water body is a standing pool of exposed water (presumably extends into floor of cave, with no perceptable 
flows). Excessive declines in levels are known to_ expose suspended root mats which then die-off and fauna 
are lost. Therefore, requires stable water levels. Do not know AHD of bores/levels to achieve this. 

• Water quality 
Stable water quality in terms of pH, DO and temperature, with minimal die!, seasonal or annual variation, 
showing buffering influence of groundwater. Will be achieved if above EWR for macroinvertebrates is 
achieved. 
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ESTUARINE AND NEAR-SHORE MARINE ECOSYSTEMS 

Despite increasing interest in the importance of groundwater discharge to near-shore marine and estuarine 
ecosystems a great number of questions regarding the nature and degree of dependence remain unanswered . 
It is therefore not possible to describe EWRs for these ecosystems. 
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SECTION 3-SUSCEPTIBILTY, RISK OF IMPACT AND POSSIBLE RESPONSE 
OF GDES TO DRA WDOWN 

In this section comment is made on the likely response to water level changes predicted over 2, 5 and 10 year 
intervals (2003-05, 2003-08 and 2003-13) modelled .under PRAMS 3.0. To achieve this, a GDE's 
susceptibility to groundwater decline is determined using a matrix of conservation values, current ecological 
condition, historic water level decline and current depth to groundwater. 

SUSCEPTIBILITY 

As part of the EWR process there is a need to identify areas of highest susceptibility to impact from water 
level change, to determine those GDEs that should be afforded the highest level of protection. This can be 
achieved through consideration of conservation value, current water levels and historic groundwater level 
change. 

The susceptibility of a GDE to future water regime changes is directly influenced by historic water level 
changes and current depth to groundwater. These factors are considered important as it is unlikely for any 
ecosystem to evolve in the presence of groundwater without having some reliance on it. It is further 
suggested that if the availability of groundwater is reduced or its quality altered, these ecosystems would 
respond in some way regardless of their degree of dependence. If a GDE has experienced historic declines in 
groundwater levels it may be more susceptible to further declines than other systems. Conversely, historic 
groundwater rises may buffer future declines. 

Conservation values require special consideration when determining the level of protection afforded to 
GDEs. It is difficult to apply a standard approach to the rating of conservation values for GDEs, especially 
when trying to differentiate between the importance of international, national and regional conservation 
classifications. For example, a highly modified wetland may be recognised as an internationally important 
water-bird habitat under the Ramsar Convention but little regional significance due to its altered nature, 
whereas a wetlands supporting a vegetation community that is unusual within a specific region, may have 
regional conservation values, but be of little international importance. Existing impacts may include clearing 
for urban or agricultural uses, fire, invasion by exotics (flora and/or fauna), dieback, water pollution, climatic 
changes and vehicular or human traffic . 

Rating of susceptibility for use in the matrix should be based on the premise that the most vulnerable GDEs 
are those in areas of shallow groundwater that are already under pressure (stress, impact etc) from historic 
drawdown. Current depth to groundwater for wetlands (including base-flow systems) and terrestrial 
vegetation can be rated based on phreatophytic vegetation categories (0-3m, 3-6m, 6-1 Om and > 1 Om) 
(Froend & Zencich, 2001 ), with the shallowest depths the most susceptible. Depths can be based on 
modelling or actual water depths from monitoring bores and/or surface water levels. 

Long-term hydrological data from groundwater monitoring bores allows assessment of past water regimes. 
These data can provide comprehensive information on mean groundwater depths, seasonal and long-term 
changes in groundwater levels (magnitude), duration and rate of water level rise and/or decline and the 
seasonality of peak and low levels. Of most significance to ecosystem integrity are the mean annual depth to 
groundwater and magnitude, rate and duration of decline ( or rise). 

Rapid rates of declines over a short period will generally have had a more noticeable impact than low-rate, 
longer-term declines (>20 years), as ecosystem components cannot adapt to changes or migrate to more 
suitable habitats quickly enough. For example, phreatophytic Banksias have the capacity to grow new roots 
and to respond to drawdown by 'following' the water table down. However, this would likely be effective 
only where water tables changes are gradual (Zencich & Froend, 2001) and of a low magnitude. 

In the current project susceptibility was determined for individual wetlands (including base-flow systems), 
areas of terrestrial vegetation at criteria bore sites, cave systems and a group of associated wetlands (Yea] 
Swamp) using conservation values, current depths to groundwater (autumn minimum 2003) and the historic 
water level changes (1992-2003, 1995-2003 or 1997-2003). 
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Wetlands 

The first stage in determining level of susceptibility was to give all wetlands a conservation value. 
Conservation value is scored between 1-4 (highest value to lowest value), based on categories as described 
below (Table 5) (Froend & Loomes, 2004). 

Table 5: Conservation value scores of wetlands. 

Conservation value category 

Ecosystem with international, national or regional conservation values (legislated) that has 
little evidence of alteration from surrounding land-use practices. 

Ecosystem with international, national or regional conservation values (legislated) that has 
evidence of low to moderate impacts from surrounding land-use practices. 

Ecosystem that has not been assessed for conservation values or is poorly understood, and 
that has evidence of low to moderate impacts from surrounding land-use. 

Ecosystem with no recognised conservation values that has been moderately to severely 
degraded by surrounding land-use patterns 

Score 

2 

3 

4 

The second stage in determining level of susceptibility was to consider the current (autumn minimum 2003) 
depth to groundwater, using hydrodata from the Water and Rivers Commission (Water and Rivers 
Commission (WIN), 2003). The scores for current depth to groundwater are those outlined by Froend, 
Loomes & Zencich (2002). Wetlands in areas of > I Om to groundwater scored 4, those at 6-1 Om scored 3, 3-
6m scored 2 and 0-3m scored I (Table 6). 

Table 6: Wetland and terrestrial vegetation depth to groundwater scores. 

Depth to groundwater (2003) category 
> !Om 
6-!0m 
3-6m 
0-3m 

Score 
4 
3 
2 
I 

The third stage was to determine the historic groundwater level change from WRC hydrodata (Water and 
Rivers Commission (WIN), 2003) using the scoring system outlined by Welker Environmental Consultancy 
(2002). Changes in water levels (surface and/or groundwater) score from 1-5 (high, moderate, low & no 
change or increase) depending on depth to groundwater category and the degree of water level change (Table 
7). Wetlands at < !Om depth to groundwater scored a 5. The periods examined for historic groundwater 
change were I 992-2003 for Jandakot Mound wetlands, 1995-2003 for Gnangara Mound wetlands and I 997-
2003 for East Gnangara Mound wetlands. The categories used in Table 7 were based on autumn minimum 
levels from the earliest year during the period (ie. 1992, I 995 or 1997) (most wetlands did not change 
category during the period). 

Table 7: Historic groundwater level change of wetlands. 

Wet land Category 

0-3m 
3-6m 

6-IOm 
>10m(5 

No change or 
increase (4 

Low (3) 

<0.25m 
<0.75m 
< 1.25m 

Moderate (2) 

0.25 to 0.5m 
0.75-lm 
I .25-1 .5 

High(!) 

>0.5m 
>Im 

> I.Sm 

The final stage was to determine the susceptibility score. This was achieved by adding the scores for 
conservation value, current depth to groundwater and historic groundwater level change together with lower 
numbers representing the highest susceptibility. 

For example at Loch McNess the conservation value was I (high) and the current depth to groundwater was 
0-3m, scoring I. The historic groundwater level change score of 3 (low) was derived by using the 1995 
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wetland category of 0-3m and the groundwater change between 1995 and 2003 of 0.1 m which is less than 
0.25m therefore leading to a score of3. These scores added result in a susceptibility score of 5. 
Terrestrial Ecosystems 

As with individual wetlands the first stage in determining level of susceptibility was to give all terrestrial 
vegetation a conservation value. Conservation value is scored between 1-4 (highest value to lowest value) 
and is based on categories as described below (Table 8) (Froend & Loomes, 2004). 

Table 8: Conservation value scores of terrestrial vegetation. 

Conservation value category Score 

Ecosystem with international, national or regional conservational values (legislated) that has 
little evidence of alteration from surrounding land-use practices eg. Bush Forever sites, sites 
with Threatened Ecological Communities, JAMBA or CAMBA, in good condition. 

Ecosystem with international, national or regional conservational values (legislated) that has 2 
evidence of low to moderate impacts from surrounding land-use practices eg. Bush Forever 
sites, sites with Threatened Ecological Communities, JAMBA or CAMBA, with low to 
moderate impacts . 

Ecosystem that has not been assessed for conservation values or is poorly understood, and 3 
that has evidence of low to moderate impacts from surrounding land-use eg. sites that have 
low to moderate impacts but are not Bush Forever. 

Ecosystem with no recognised conservation values that has been moderately to severely 4 
degraded by surrounding land-use patterns. 

The second stage was to determine the current depth to groundwater (autumn mm1mum 2003) using 
hydrographs from the WRC. The scores for current depth to groundwater are those outlined by Froend et al. 
(2002). Terrestrial vegetation in areas of > 1 Om to groundwater scored 4, those at 6-1 Om scored 3, 3-6m 
scored 2 and 0-3m scored 1 (Table 6). 

The third stage was to determine the historic groundwater level change from WRC hydrodata using the 
scoring system outlined by Froend & Zencich (2001). The change in groundwater scored 1-5 (high to low) 
depending on the depth to groundwater category and the level of change in groundwater (Figure 1 ). The 
periods examined for historic groundwater level change were 1992-2003 for Jandakot Mound terrestrial 
criteria sites, 1995-2003 for Gnangara Mound criteria sites and 1997-2003 for East Gnangara Mound criteria 
sites. The categories used in Figure 1 were based on autumn minimum levels from the earliest year during the 
period (ie. 1992, 1995 or 1997). 
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HIGH MODERATE LOW 

0-3 m (>1.6) 

0-3 m (-0.76 to -1.6) 

0-3 m (0 to -0.76) 
1 

3-6 m (>2.6) 

3-6 m (-1.26 to -2 6) 

2 
3-6 m (0 to -1.26) 

3 6-10 m (>3) 

6-1 Om (-1.6 to -3) 

4 6-1 Om (0 to -1.6) 

>10m 

5 
RELATIVE RISK OF IMPACT 

_..., ... 

Figure 1: Historic Groundwater Level Change for Terrestrial Vegetation. 

The final stage was to determine the susceptibility score. This was achieved by adding the scores for 
conservation value, current depth to groundwater and historic groundwater level change. 

Cave a11d Aquifer Ecosystems 

As with wetlands and terrestrial vegetation the first stage in determining level of susceptibility was to give all 
cave systems a conservation value. Due to the relictual nature of these ecosystems they were all afforded the 
highest conservation value of 1. As most caves either currently contain surface water or have only dried in 
the recent past, all were regarded as falling in the 0-3 m depth to groundwater category. These ecosystems are 
recognized as totally dependent on groundwater and therefore any drawdown will, at best result in reductions 
in key elements of ecosystem integrity, at worst, in complete collapse of the entire ecosystem. Therefore any 
historic groundwater decline (recorded at the nearest monitoring bore) scored a I. Finally, a susceptibility 
score was determined by adding the scores for conservation value, current depth to groundwater and historic 
groundwater level change. 

RISK OF IMPACT 

In the next step GOE susceptibility was related to proposed (modelled) changes in groundwater levels to 
describe the risk of impact to GD Es. Risk of impact is expressed as low ( 4), moderate (3), high (2) or severe 
( 1 ). 

Predicted water regime changes are most often the product of groundwater modelling. This ideally quantifies 
the spatial and temporal distribution of water level changes across a study area. This project used predicted 
changes at 2, 5 and 10 year intervals (2003-2005, 2003-2008 and 2003-2013) based on PRAMS 3.0. The 
scenario used the following components to generate results for April/May minimums (R. Vogwill, DoE, pers. 
comm., March 2004); 
• Climate - rainfall at short-term average. 
• Private Abstraction - at I 00% of allocation. 
• Public Abstraction - Water Corporation pumping at 135GL/yr. 
• Landuse - areas from the Future Perth Plan designated for urbanisation, urbanised in 15 years. 
• Pines - thinned as per L VL. 

The current calibration of PRAMS is such that there are areas of 'intractable error ' that are associated with 
(R. Vogwill, DoE, pers. comm., March 2004); 
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• Areas in which that the current conceptual model of the Superficial Aquifer is inadequate, often 
corresponding with areas of heterogeneity and the presence of impeding layers. 

• Areas in which there is a large degree of uncertainty in the allocation database regarding either location 
or quantity of abstraction . 

Unfortunately many of these areas are also those with the highest impacts, large amounts of wetlands and 
distinct ecological values . · 

Susceptibility value and predicted rates and magnitude values were combined to categorise the risk of impact 
(ROI) . As each GDE type can exhibit a different level of groundwater dependency, different responses to the 
same changes in water regime may arise. 

Wetlands 

Future water level changes were determined using predicted modelling scenarios (PRAMS 3.0). These were 
presented as a series of three maps (2003-2005, 2003-2008 and 2003-2013) depicting predicted changes in 
groundwater levels (Department of Environment, 2003, 2004). The predicted changes scored 1-5 (severe to 
no change and/or increase) depending on the rate (m/yr) and magnitude of drawdown (m) (Figure 2). To 
achieve the final scores for risk of impact the scores for susceptibility and predicted change in groundwater 
levels were added for each prediction period. 
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IV\agnitude of draw down ( m) 

Figure 2: Risk of impact categories for wetland ecosystems based on rate and magnitude of groundwater drawdown. 

Continuing with the example for Loch McNess the predicted change in groundwater levels for 2003-2005 
was derived by using the predicted change in groundwater between 0.75-1.0m on the west side of the lake 
and the rate of drawdown (magnitude/year = 0.75/2=0.375), therefore giving Loch McNess a score of 1 
(severe). This step was repeated for all prediction periods. To achieve the final scores for risk of impact the 
scores for susceptibility (5) and predicted change in groundwater levels (2003-2005 = 1) were added for each 
prediction period. Therefore the final impact score for Loch McNess for the period 2003-2005 was 6. 

Terrestrial Vegetation 

Future groundwater level changes were determined using predicted modelling scenarios (PRAMS 3.0). 
Theses were presented as three maps (2003-2005, 2003-2008 and 2003-2013) depicting predicted changes in 
groundwater levels (Department of Environment, 2003, 2004). The predicted changes scored 1-5 (severe to 
no change and/or increase) depending on magnitude and rate of drawdown using the appropriate depth to 
groundwater category (Table 5) according to Figures 3, 4 & 5. To achieve the final scores for risk of impact 
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the scores for susceptibility and predicted change in groundwater levels were added for each prediction 
period. 
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Figure 3: Risk of impact categories for phreatophytic vegetation in the 0-3m depth to groundwater grouping based on rate 
and magnitude of groundwater drawdown. 
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Figure 4: Risk of impact categories for phreatophytic vegetation in the 3-6m depth to groundwater grouping based on rate 
and magnitude of groundwater drawdown. 
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Figure 5: Risk of impact categories for phreatophytic vegetation in the 6°10m depth to groundwater grouping based on rate 
and magnitude of groundwater drawdown. 

Cave and Aquifer Ecosystems 

Future groundwater level changes were detennined using predicted modelling scenarios (PRAMS 3.0). 
Theses were presented as three maps (2003-2005, 2003-2008 and 2003-2013) depicting predicted changes in 
groundwater levels (Department of Environment, 2003, 2004). These ecosystems are recognized as totally 
dependent on groundwater and therefore any drawdown will, at best result in reductions in key elements of 
ecosystem integrity, at worst, in complete collapse of the entire ecosystem. Therefore any predicted 
groundwater decline (recorded at the nearest monitoring bore) scored a 1. To achieve the final scores for risk 
of impact the scores for susceptibility and predicted change in groundwater levels were added for each 
prediction period. 

LEVEL OF POSSIBLE RESPONSE TO ORA WDOWN 

In this step the level of possible response of GDEs to predicted drawdown are rated based on the risk of 
impact score {Table 9). Scores from 4-6 are rated as a severe response, 7-9 as significant, 10-12 as moderate 
and 13-15 as not significant. 

Tables 10-15 were adapted from Perth ' s Coastal Waters - Environmental Values and Objectives 
(Environmental Protection Authority, 2000) and describe the type ofresponse that may occur in key elements 
of ecosystem integrity for each type of GOE at each level of response. Ecosystem integrity is defined as " ... 
the ability to support and maintain a balanced, integrative, adaptive community of organisms having a 
species composition, diversity and functional organisation comparable to that of natural habitat of the 
region" (Karr, 1991 ). 
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Table 9: Matrix of conservation values, current depth to gronndwater, historic groundwater level change and predicted groundwater level change to detennine susceptibility, risk 
of impact and possible level of response ofGDEs to drawdown. 

Sub-(:roup I GDE Conscn·ation Currl'nt (min Historic Suscrptibllily Prl'dictl'd groundwater Jeni Ris k or imp11ct Lenl or possible impact 
,·aluc 2003) depth walerlcH'I (consen•alion change score 

to chani:e + current 
i;:roundwa lcr score dt'plh+ 
score historic) 

2003-0S 200]-08 2003- IJ 2003-0S 2003-08 2003-2013 2001-0S 2005-08 2005-13 

WETLANDS 

Gnun~ara 

Hcnlw11111 Cm11J1lcr 

Loch McNcss I I 3 5 I I I 6 6 6 Sc,·crc Se,·erc Severe 

Lake Yondcnm I I 3 5 I I I 6 (, 6 Severe Se,·erc Seve re 

Lake \Vil aruo 2 I I 4 I I I 5 5 5 Se,·ere Se\'cre Se,·ere 

Pioidinm· SwDmo I I 4 6 I I I 7 7 7 Significant Significanl Sisnific.int 

Coo.i.:cc Sprini-:s 4 I I 6 I I I 7 7 7 Significanl Sisnifican1 Sisnific.int 

Lake Nowcn:.?uo I I 2 4 I I I 5 5 5 Sc\'crc Severe Se\'erc 

Lake Joond:ilup I I 2 4 I I I 5 5 5 Se\'ere Sc,·crc SC\'Cfe 

Lake Goollel:il 2 I 3 6 I I I 7 7 7 Significant Significant Signi fi cant 

Cnrrabooda Lake • 2 I I 4 I I I 5 5 5 Severe Severe Se,·ere 

(37849650 146) 

Lnke Neerabup• 2 I I 4 I I I 5 5 5 Severe Sc\'cre Sc\'crc 

(]8205649442) 

L□ ke Gwclup• 2 I 2 5 I I I 6 6 6 Sc ,·crc Severe Sc,·erc 

(]85616472261 

Bccn~up Swamp• I I 3 5 I I I 6 6 6 Sisnificant Significant Significant 

(]8625648247) 
Bis Carine Swnmp• 2 ) I 4 I I I 5 5 5 Severe Se,·crc Severe 
(3850(,(,47515) 

C.ircniup Swamp• 4 I I 6 I I I 7 7 7 Significant S ignificant Significant 

(38595647369) 

W.il\ubucnup I I J 5 I I I 6 (, 6 Scrcrc Se,·crc Severe 
Swamp• 
(38696MKl90) 

B□dgcrup Lake• 2 3 J 8 I I I 9 9 9 Significant S igni fi cant Significant 

(]9028648351) 
Little Badscrup L□kc• 2 2 3 7 I I I B 8 8 Significant Signific.int Sisnificant 

(39037648274) 

Centre fo r Ecosystem Management. ECU. J oond □ lup 144 



17 

rl 
~l 

Study of EWRs on the Gnangara and Jandnkol mounds Under Section 46. FINAL 

Sub-group/ GDE Consen•alion Current (min Historic Suscepliblli ty Predicted groundwalrr level Risk or Impact Le\'l•I of possible Impact 
, ·alue 2003) dcplh w a ler le,•el (consen·ation changt score 

lo change +current 
groundwater score depth+ 
score historic) 

2003-05 2003-08 2003-13 2003-05 2003-08 2003-2013 2003-05 2005-08 2005-13 
Sumpland 2 I 3 6 I I I 7 7 7 Severe Sc\·crc Severe 
(38348649057)' 

Lokc Karrinyup• 3 I I 5 I I I 6 6 6 Severe Sc\·crc Sc,·crc 

(385 17647354) 

Pinjar Complex 

Lake Maril!iniun 2 2 2 6 I I I 7 7 7 · Signilicnnl Significant Significant 

Lilkc J,mdabuo I I 4 6 I I I 7 7 7 Signi£ic:mt Signific:mt Significant 

Lake Piniar• 2 2 2 6 I I I 7 7 7 Significnnl Sign ificant Significant 
Little Mariginiup• 4 2 I 7 I I I 8 8 8 Signi licant Sign ificant Significant 
(38830649035) 

Hawkins Rd Sw.imp• 2 3 3 8 I I I 9 9 9 Significant Signi ficant Significant 

(39120648926) 

Lake Adams• 3 2 3 8 I I I 9 9 9 Significant Signific;mt Significant 

(38844649190) 

Little Adams Swamp• 3 4 5 12 I I I 13 13 13 Notsig. Notsig. Notsig. 

(38955649226) 

Dampland 3 4 5 12 I I I 13 13 13 Notsig. Notsig. Notsig. 
(39012649008) ' 

Karmlcauu Cc111raf & So111I, Complex 

Liulc Emu Swamp• 2 3 3 8 I I I 9 9 9 Significant Si,gnificunt Significant 
(39360647560) 

B,1ucmlca11 Cc111ral & So11tlt Complex 

L.:ikc Gn.:in.r:ani 4 I 3 8 I I I 9 9 9 Significunt Signific un t Signilicant 

Ride.cs• (sumdand) I 2 I 4 I I I 5 5 5 Severe Sc\"Cre Severe 

B,1.ucmlca11 North Tn111sitio11 Complex - Nortlt 

11 Dumplunds• 
386 13651757 I 4 5 IO 2 I I 12 II II Moderate Moderate Moderate 
3836865 1780 I 4 5 IO 2 I I 12 II 11 Moderate Moderate Moderate 
38636651749 I 4 5 JO 2 I I 12 II II Moderate Moderate Modcrotc 
38669651758 2 4 5 II 2 I I 13 12 12 Notsig. Moderate Moderate 
3873 165 1919 2 4 5 II 2 I I 13 12 12 Notsig. Moderate Moderate 
387986523 11 I 4 5 IO 2 I I 12 II II Moderate Moderate Moderate 
38825652147 I 2 2 5 I I I 6 6 6 Sc,·crc Sc,·cre Sc,·crc 
38875652 172 I 2 2 5 I I I 6 6 6 Sc,·cre Severe Sc\'crc 
38861652407 I 4 5 10 2 I I 12 I I II Moderate Moderate Moderate 

2 2 2 6 I I I 7 7 7 Sic.n ificant Significant Si1-:nificant 
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Sub-group/ GDE Consen·n1ion Current (min Historic Susceplibllilr Predicted groundwnler le,·el Risk or imp net Le,·el of possible lmpncl 
n1lue 2003) depth walerlen-1 (conser\'atlon change score 

lo change + current 
groundwater score depth+ 
score historir) 

2003-0S 2003-08 2003-13 2003-0S 2003-08 2003-2013 2003-0S 2005-08 2005-13 
389 19652275 2 4 5 II 2 I I 13 12 12 Notsig. Moderate Moderate 
38933652030 

/larst:mlca11 Nor1h Complex - Yeal Swamp 

Yea! Swamp• I 4 I 6 I I I 7 7 7 Signilic.int Significant Significant 

(3826765175 I) 

Bindiar Lake• 2 4 I 7 I I I 8 8 8 Sisnilicant Significant Signilicant 
(38181651941) 
Dampland I 4 I 6 I I I 7 7 7 Signilicant Si_gnificant Sisnificant 
(3R4K865 1846)• 

2 Damplands• 
38340651762 I 4 I 6 I I I 7 7 7 Sisnific;mt Significant Significant 

3833 765 I 800 I 4 I 6 I I I 7 7 7 Signific;mt Significant Significanl 

BanL'lldcmr North Complex - foal West 

Dampl:md I 2 2 5 I I I 6 6 6 Sc\'crc Se\"ere Sc\'cre 
(38821652464)' 
2 Damplands• 

38 144652776 I 3 3 7 I I I 8 8 8 Significant Significant Sisniiicant 

38174652305 2 I I 4 I I I 5 5 5 Sc,·crc Sc,·cre Snere 

Sumpland 
(38551652525)' I I I 3 I I I 4 4 4 Sc\'cre Se\'erc Se,·cre 

Tanglcloc Swamp• I 4 5 10 I I I II II II Moderate Moderate Moderate 
(37607652972) 
62 d.amplands• 
37917652461 2 3 3 8 I I 9 9 9 Significant Signific,ml Significant 

37948652434 2 3 3 8 I I 9 9 9 Significant Signific.inl Sisnificant 

37987652796 I 4 2 7 I I 8 8 8 Signific.int Signific.int Significant 

37981652582 
I 2 5 8 I I 9 9 9 Significanl Significanl Significant 
2 2 2 6 I I 7 7 7 Significant Significant Sisnificant 

37987652446 2 2 3 7 I I 8 8 8 Significant Significant Sisnificant 
38_030(1526 77 I I I 3 I I 4 4 4 Se\'ere Se\'erc Se,·cre 
38009652550 2 2 I 5 I I (, 6 6 Se\'ere Sc,·erc Sc,·crc 
38024652295 I 2 3 6 I I 7 7 7 Significant Significant Significant 
3802665264 1 I I 2 4 I I 5 5 5 Se\'ere Sc\'erc Scrcre 
38039652524 2 I 3 6 I I 7 7 7 Significant Significant Significant 

3803365261 I I 4 5 10 I I II II II Moder.itc Moderate Moder.ite 

38036652738 I 2 J 6 I I 7 7 7 Signific.inl Significant Significant 

38046652635 
I I 2 5 I I 6 6 6 Sc\'crc Se\'erc Sc\'crc 
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Sub-group/ GOE Consen·allon Current (min Hlslorlc Suscepllblli1y Predicted groundwat er lenl Rbk orimpacl Le,·el of possible imp a cl 
,·alut 2003) dtplh waltr level (conserntion change score 

lo change +curnnt 
groundwater score deplh + 
score historic) 

2003-05 2003-08 2003-13 2003-05 2003-08 2003-20 13 2003-05 2005-08 2005-13 
38058652554 2 3 3 8 I 9 9 9 Significant Significant Significont 

38083652724 2 I I 4 I 5 5 5 Severe Sc\'crc Sc\'crc 

38078652433 2 2 3 7 I 8 K 8 Sign ific:mt Signific:mt Signific:mt 

38090652633 I 2 I 4 I 5 5 5 Sc\'crc Sc,·crc Sc\'crc 
I 2 I 4 I 5 5 5 Sc,·crc Severe Severe 

38082652192 
2 I I 4 I 5 5 5 Sc\'crc Severe Severe 

38088652250 2 2 3 7 I K K 8 Sign ific.int Significant Significant 
38097652471 2 I I 4 I 5 5 5 Severe Sc\'crc Severe 
38 13965268I 2 2 3 7 I R 8 8 Significant Significant Significant 
38122652574 2 2 3 7 I 8 8 8 Signific::ml Sisnific:ml Significant 
38147652733 I 2 3 6 I 7 7 7 Significant Signific.inl Significant 
3K15 l 652708 2 I I 4 I 5 5 5 Severe Severe Sc\'crc 

38168652666 2 2 3 7 I I 8 8 8 Significanl Signi ficant Significant 

38162652573 I I I 3 I I 4 4 4 Sc,·crc SC\"CfC Sc\'erc 

38167652757 
I 2 3 6 I I 7 7 7 Significant Significant Significant 
2 I I 4 I I 5 5 5 Sc\"Crc Sc\"Crc Severe 

38182652512 I 2 3 6 I I 7 7 7 Significant Significant Significant 
38225652757 2 I I 4 I I 5 5 5 Sc,·crc Se\"crc Sc\'crc 
38220652466 2 I 3 6 I I 7 7 7 Significant Significant Significant 
38230652721 2 I 3 6 I I 7 7 7 Significanl Significant Significant 
382316524 11 2 I I 4 I I 5 5 5 Scn~rc Sc,·crc ScYcrc 
38245652664 2 I 3 6 I I 7 7 7 Signi ficant Significant Significant 
38252652683 2 I I 4 I I 5 5 5 Severe Se\'Crc Sc,·crc 

3826(,652435 2 I I 4 I I 5 5 5 Severe Severe Sc\'crc 

38280652700 
2 I 3 6 I I 7 7 7 Significant Signilicanl Significant 
2 I 3 6 I I 7 7 7 Significant Significant Significant 

38285652373 2 I I 4 I I 5 5 5 Severe Se\"crc SC\'CfC 
38289652487 2 I I 4 I I 5 5 5 Sc\"crc Sc\"crc SC\'CfC 
38287652725 2 I I 4 I I 5 5 5 Sc,·crc Sc\"crc Sc\'crc 
38310652767 2 I I 4 I 5 5 5 Sc,·crc Sc,·crc St\'CfC 
38309652440 I I I 3 I 4 4 4 Sc,·crc Sc,·crc St\'CfC 
38317652442 2 I 3 6 I 7 7 7 Significant Signific.int Signific::mt 

38336652318 2 I I 4 I 5 5 5 Sc\"crc Sc,·crc Sc,·crc 

I i 
I l 

38342652392 I I I 3 I 4 4 4 Sc,·erc Sc,·erc Sc,·crc 

38394652578 
2 I I 4 I 5 5 5 Sc,·ere Se,·crc ScYcrc 
i I I 3 I 4 4 4 Se,·ere Se\"Crc Sc,·erc 

38386652685 I I I 3 I 4 4 4 Severe Se\'erc SC\"CfC 
38361652523 2 I I 4 I 5 5 5 Sc\'crc Sc\"crc Se,·cre 
38381652418 2 I I 4 I 5 5 5 Severe Severe Sc\'cre 
3 84 1 (,652349 I 2 I 4 I 5 5 5 Severe Se\"cre Sc,·erc 
384556527 18 I 2 2 5 I 6 6 6 Severe Sc\'crc Scn:rc 
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Study of E\VRs on tl1c Gmmgara :md Jandakol mounds Under Scclion 46. FINAL 

Sub-croup/ GDE Co ruen·111ion Cunent (min Historic Susceptibility Predlc lcd ~roundwate r le\"el Risk of impact Len I of possible impncl 
\'alue 2003) dl'pl h WRlerlnel (conscHntion change score 

to change +currl'nl 
~roundwn ter score depth+ 
scon• hisloric) 

2003-0S 2003-08 2003-13 2003-0S 2003-08 2003-2013 2003-0S 2005-08 2005-13 
384 15652 188 2 2 I 5 I I I 6 6 6 Sc\·crc SC\"crc Sc\"crc 

38456652444 I 2 2 5 I I I 6 6 6 Sc\"crc Sc\"Crc Sc\"Crc 

3848065235 1 2 3 3 8 I I I 9 9 9 Sign ificant Sign ificant Significant 

38532652 185 I 2 I 4 I I I 5 5 5 Se\·cre Sc\"cre Se\"c rc 

38533652305 
I 3 3 7 I I I 8 8 8 Sign ificant Sign ificant Significant 
I 4 5 10 I I I II II II Moderale Modern le Moderate 

38560(,52228 I 4 5 10 I I I II II II Moderate Moderntc Moderate 
38580(,52413 2 2 I 5 I I I 6 6 (, Sererc Sc\·cre Sc \·cre 
385876520% 2 I 2 5 I I I 6 6 6 Serc rc Sc\"crc Sc,-crc 
38585652 194 I I 3 5 I I I 6 6 6 Screrc Se\"crc Sc,·cre 
38589652128 I 2 3 5 I I I 6 6 6 Sc,·crc Sc\"erc Sc\·crc 
38642(1)204) 2 2 3 7 I I I 8 8 8 Signific:mt Sign ificant Significant 

3865 1652093 I I 3 5 I I I 6 (, 6 Se\"c re Sc\·cre Sc\"cre 

38732652377 

3!1420652687 
38389652800 
38764652463 
38997652088 
38334652752 

Deepwater Lasoon• 3 I 2 6 I I I 7 7 7 Significant S ignificant Significant 

(38881652828) 

Dampland 2 4 5 II I I I 12 12 12 Moderate Moder.tlc Moderale 
(37797652988)' 

2 sumplands• 
37852653007 2 4 5 II I I I 12 12 . 12 Modernle Moderate Modera le 

37879652973 
I 4 5 10 I I I II II II Moder.ile Moderate Moderate 

llm.w:mlca11 North Complex - Tick Flnt 

Tick Flat• 2 4 5 II I I I 12 12 12 Moder.ice Moderate Moder.ate 
(37632652620) 
4 Damplands • 
37668(,52593 2 4 5 II I I I 12 12 12 Mode rate Moderate Modernle 
37577652591 I 4 5 10 I I I II II II Moderate Moderate Moderate 
37588652556 2 4 5 II I I I 12 12 12 Moderate Moderate Modernle 
3759)652546 2 4 5 II I I I 12 12 12 Moderate Moderate Modera le 

HassendMn Norrh Complex - rcnl Hnst 

Lake Mukcnbum,• I I 3 5 I 2 I 6 7 6 Sc\"cre Significant Sc\"cre 
(38~05653196) 
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Study of EWRs on Lhc Gnango.rn and Jandakot mounds Under Sec lion 46. FINAL 

Sub-group/ GDE Consen·111ion Current (min Historic Susceptibility Prediclcd groundwater le\'fl Risk of impact Lc\'el of possible impact 
,·aluc 2003) depth waterlen•I (conservation change score 

to change +current 
groundwater score deplh + 
score historic) 

2003-05 2003-08 2003-13 2003-05 2003-08 2003-2013 2003-05 2005-08 2005-13 
17 Damplands* 
38821652464 I 2 2 5 I I I 6 6 6 Sc\'crc Sc\'crc Severe 
38829652308 2 2 2 6 I I I 7 7 7 Si,gnificanl Significant Significant 
3883 I 651988 I 4 5 IO I 2 I II 12 II Moderate Moderate Moderate 
38898652368 I 2 2 5 I I I 6 6 6 Sc\'crc Sc\'crc Sc\'crc 
38861652005 I 4 5 10 I 2 I II 12 ii Modcrntc Modcrntc Moderate 
38913652246 2 2 2 6 I I I 7 7 7 Significant Significant Significant 
38913652012 I 4 5 10 I 2 I II II II Moderate Modcrnlc Moderate 
38919652275 3 2 2 7 I I I 8 8 8 Significant Significant Significanl 
38933652030 3 2 2 7 I I I 8 8 8 Significant Significant Significanl 
38951652330 I 2 2 5 I I I 6 6 6 Sc,·crc Sc\·crc SC\"CfC 

38973652008 2 4 5 II I 2 I 12 13 12 Moderate Notsig. Modcra.tc 
390086523R6 I 3 3 7 I 2 I 8 9 8 Signilicanl Signilicant Signific:mt 
39008652298 I 3 3 7 I 2 I 8 9 8 Significant Significant Significant 
39026652224 I 3 3 7 I 2 I 8 9 8 Significant Significant Significant 
39045652254 I 3 3 7 I 2 I 8 9 8 Si,gnificant Si,gnificant Significant 
39058652235 2 3 3 8 I 2 I 9 10 9 Signilicant Modcrntc Significant 
38685652685 I 2 I 4 I I I 5 5 5 Sc\'crc Sc\'crc Severe 
2 Sumplands' 
38570652790 I 2 I 4 I I I 5 5 5 Sc\'crc Sc\'crc Sc\'crc 
38606652771 I 2 I 4 I I I 5 5 5 Sc\'crc Sc\'crc Sc\'crc 

L Sumpland 
(38773652686)' 3 2 2 8 I I I 9 9 9 Significant Signilicant Significant 

Floodplain 
(39108652522)' 3 2 2 8 I I I 9 9 9 Significant Signilicant Significant 
Sumpland 

3 2 (38828652623)" 2 7 I I I 8 8 8 Significant Significant Significant 

L Rm.n:ndcar, Norl/1 Comp/er - Leri a 

Lcxia 86 I I 3 5 4 4 3 9 9 8 Significant Significant Significant 

Lcxia 186 I I 2 4 4 4 3 8 8 7 Signilicant Si_gnificant Significant 

Lcxia 94 I I 3 5 4 4 3 9 9 8 Signilicant Significant Significant 

4 sumplands' 
40141648670 I 2 3 6 2 3 2 8 9 8 Significant Significant Significant 

40132648626 I 2 3 6 2 3 2 8 9 8 Significant Significant Significant 

40149648594 I 2 3 6 2 3 2 8 9 8 Significant Significant Significant 

401(,3648635 
I 2 3 6 2 3 2 8 9 8 Significant Significant Significant 

Dampland I 3 3 7 3 5 
(40135648601)' 

5 IO 12 12 Moderate Moderate Moderate 
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Study or EWRs on 1hc Gnangara and Jandakot mounds Under Section 46. FINAL 

Sub•i:ruup / GDE Consen·ation Current (min Historic Susceptlbllltr Predicted J;:roundwatc r lcHI Rbk of impact Lncl of pos~iblt impact 
\'aluc 2003) depth wntcrlc\'el (consen·n tlon change score 

to cha ni::c. + current 
croundwater score depth + 
score historic) 

2003-05 2003-08 2003-13 2003-05 2003-08 2003-2013 2003-05 2005-08 2005-13 
2 Sumplands• 
40 156(>48685 I 3 3 7 3 5 4 JO 12 JI Moderate Moderate Moderate 

40238648707 I 3 3 7 3 5 4 JO 12 II Moderate Moderate Moderate 

Dampland 
(402036485/,7)" I 3 3 7 3 5 4 JO 12 II Moderate Moderale Moderate 
Sumpland 
(402566-lk635)• I 4 5 10 5 5 5 15 15 15 Nol sig . Not sig . Not sig. 

2 Sumpland 
(40292643721. I 4 5 10 3 5 5 13 15 15 
40148648729)' 2 3 3 8 3 5 4 II 13 12 t,.•lodcratc No1sig. Moderate 
2 Damplands• 
-l029764k639 I 4 5 JO 5 5 5 15 15 15 Notsig . Not sig. Not sis . 

40341.64863 I I 4 5 10 5 5 5 IS 15 15 Nol sig . Not sig. Notsig. 

Sumplnnd 
I 2 3 (, 2 5 3 8 II 9 Significant Moderate Significilnl (40140648683)' 

Dampland I 4 5 10 5 5 5 15 15 15 Not sig . Not sig . Not sis. 
(40272648506)' 
Kings Spring (The I 2 5 8 2 2 I JO JO 9 Significant Significant Significant 
Maze)• 

/Jasscml!!n,1 North Comph•x .:.. A.fclafct1ca !'ark 

EPP Wel land 173 I I 3 5 3 3 2 8 8 7 Significant Signi ficnnl Significant 
Dampland 78 2 2 3 7 I I I 8 8 8 Significant Sisnificant Significant 
Dampland 
(39-196649584)• I 2 3 6 2 2 I 8 8 7 Sisnificant Significnnt Significant 
25 damplands• 
39455649394 I I ) 5 I I I 6 6 6 Se,·crc Se,·erc Sc,·crc 

39464(149585 2 2 3 7 5 5 I 12 12 8 Moderate Modcrnte Signi licant 

39478649638 2 2 3 7 5 5 5 12 12 12 Moderate Moderate Moderate 

39498649636 
2 2 3 7 I I I 8 8 8 Significant Significant Significant 

39507649695 
I 3 3 7 2 3 I 9 JO 8 Signific.int Moderate Significant 
2 2 3 7 I I I 8 8 R Significanl Signific.inl Signific.int 

395 13(,49527 2 I 3 6 I I I 7 7 7 Signific.i nt Significnnl Signific.int 
395 1-1 649463 2 2 3 7 I I I R 8 R Signi fi c.i nt Significant Significant 
39527649600 2 2 3 7 I I I R R 8 Significanl Significant Sisnificant 
39547649649 2 I 3 (, I I I 7 7 7 Significanl Significant Significant 
39541649417 2 I 3 6 I I I 7 7 7 Significant Significant Sisni fica nt 
39565649347 2 2 3 7 I I I 8 8 8 Significant Signific;,nt Sisnificant 

3955064%19 3 I 3 7 I I I 8 8 8 Significant Significant Significant 
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Study of EWRs on the Gn:mgara and fandakot mounds Under Scction 46. FINAL 

f ) 

Sub-croup/ GOE Conser\'atlon Current (min Historic Suscepliblllty Predicted groundwater le,·el Risk of Impact Level of possible Impact 
\'alue 2003) deplh waterlewl (conservation chance score 

to change + current 
groundwater score depth+ 
score hlstoricl 

2003-05 2003-08 2003-13 2003-05 2003-08 2003-2013 2003-05 2005-08 2005-13 
3955%-19393 
39572649792 2 3 3 8 I I I 9 9 9 Significant Signific:int Significant 

39616649454 2 I 3 6 I I I 7 7 7 Significmu Signific.int Significant 

39627649484 I I 3 5 I I I 6 6 6 Sc,·crc Sc\'crc SC\'Crc 

39647(,49353 
2 I 3 6 I I I 7 7 7 Signific:ml Significant Significant 
2 I 3 6 I I I 7 7 7 Significant Significant Significant 

39712649551 2 2 3 7 I I I 8 8 8 Significant Significant Signiric:inl 
3987664951 R 2 I 3 6 I I I 7 7 7 Significant Significant Significant 
39906649362 2 I 3 6 I I I 7 7 7 Signific:mt Significant Significant 
39592649232 2 I 3 6 I I I 7 7 7' Significant Significnnt Significant 
39685649249 2 I 3 6 I I I 7 7 7 Signific:::tnt Significant Signific:::tnt 
39660(,49160 2 I 3 6 I I I 7 7 7 Significant Significant Significant 

39813649 I 48 I I 3 5 I I I 6 6 6 Sc,·cre Severe Sc,·cre 

3988 16-19 I 6 I 
Dampl:::tnd 
(39183649754)' 2 4 I 7 5 5 4 12 12 II Modcmtc Moderate Modcrntc 
6 domplands• 
39421649304 2 ' I 3 6 I I I 7 7 7 Significant Significant Significant 

39442649618 2 2 3 7 5 2 I 12 9 8 Modcrntc Significant Significant 

I 
I 

39443649445 2 I 3 6 5 I I II 7 7 Modcrntc Significant Significant 

39433649770 
2 4 5 II 3 3 I 14 14 12 Notsig. Notsig . Modcrnte 
2 3 3 8 3 3 I II II 9 Modernte Moderate Significant 

39510659739 3 I 3 7 I I I 8 8 8 Significant Significant Significant 
39575649169 

L Sumpland 
(39969949158)' I 4 3 8 I I I 9 9 9 Significant Significant Significant 
6 sumplands• 
39556649708 I 3 3 7 2 I I 9 8 8 Significant Signific:mt Significant 

39554649527 2 I 3 6 2 2 I 8 8 8 Significant Significant SC\·erc 

39582649556 2 I 2 5 2 2 I 7 7 6 Significant Signific::ml Severe 

39576649679 
2 2 3 7 I I I 8 8 8 Signific.int Signific,mt Significant 
I I 3 5 I I I 6 6 6 Sc,·crc Severe Severe 

39610649565 2 I 3 7 I I I 8 8 8 Signific:mt Significant Significant 
39653649561 

I . Sumpland 
(39920(,49456)' I 4 3 8 I I I 9 9 9 Significant Significant Significant 

BaSJendea11 North Complex - East Pinjar 

Edgecombe Sccpa1:e I I 2 4 5 5 5 9 9 9 Signific:::tnt Significant Significant 
and Lake Yakine 
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Study o r E\VRs on the Gnangara and fandakot mounds Under Section 46. FINA L 

Sub-croup/ G OE Conscn ·at lon Currcnl (mi n lli sloric S usceptibility Prcd iclcd g roundwa ter Jen i Risk of Impact Lenl of possible Impact 
, ·ah1e 2003) d<plh walcr len•I (conscn ·alion cha nge score 

lo change + cur ren t 
groundwa ter score depth + 
score histo ric) 

2003-05 2003-08 2003-1 3 2003-05 2003-08 2003-2013 2003-05 2005-08 2005-1 3 

E •crton Sccn.i •e I I 3 5 5 5 5 JO JO 10 Moderate Moderate Moderate 

Ywu.•a Com ,lex. 
Bambun Lake• I 3 2 6 2 4 3 R JO 9 Signifi cant Modcrntc Signifi cant 

(39435652283) 
Lake Nambung• 2 I 3 6 I 3 I 7 9 7 Signifi cant Significant Significa nl 

(39421652 168) 
Lake MungaJa • 2 I 3 6 I 3 I 7 JO 7 Sii;nific,m t Moderate Sign ific:mt 

(394R26;i! I 9) 
Springs on Lot 11 3 
Archibald St.. Muchea 

Spring si tes 3s. 3b. 3r. 3 
4 5ps. 5pd. 5d. 6 & 7. 

Janda/cot 

Hc,-dsman Com1,lc.t 

ll1omsons Lake I I I 3 1/3 ½ I 4/6 4/5 4 Sc,·crc Sc,·crc Se\'crc 

North Lake I I I 3 1/3 ½ I 4/6 415 4 Sc\'crc Sc\'crc Sc\'crc 

Banl!anun Swamo I I I 3 I ½ ½ 4 415 4/5 Se\'crc Sc\'cre Scrcrc 

Bibra Lake I I I 3 I 2/3 I 4 5/6 4 Se\'crc Sc,·crc Se\'crc 

Yanl!cbuo Lake 2 I I 4 I ¼ ½ 5 7/R 5/6 Se,·crc Signi ficanl Sc,·cre 

Ko.c:oluo Lake 2 I I 4 I 2/3 1/, 5 6/7 5/6 Se\'crc Sig./se\'ere Sc,·ere 

Lill lc Rush Lake• 

Spec tacles North• 
(39041643485) I I I 3 2 I 2 5 4 5 Sc\'cre Se \'ere Se,·erc 

E.ist Swamp• 

Hone Rd Lake• 

B11.rscmlcm1 Central & So/Ith Complex 

Shirlc,· Balla Swamp I I I 3 3 I I 6 4 4 SC\"crc Se,·ere Sc\'crc 

TwinBartr.i m 2 I 4 7 3 2 2 JO 9 9 Moderate S ignificant Significant 

Bccn\'un Rd Swamn 2 I I 4 3 I I 7 5 5 Significant Sc\'crc Se\'crc 

Mather Rcscn ·e• 
(39361644253) I I 2 4 3 I 3 7 5 7 Signi ficant Se\'crc Signific.inl 

Conolup Lake• 

Branch SI Swamu• 

Forest-Tapper 
Swamo• 
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Study of EWRs on the Gnangara and fandakot mounds Under Section 46. FINAL 

Sub-group/ GDE Consen·ation Current (min Historic Susceptibility Predicted groundw11ler le\·el Risk of lmp11ct Level of possible impact 

L 
\'alue 2003) depth water lt~,·el (consen·ation change score 

lo change + current 
groundwater score depth+ 
score historic) 

2003-05 2003-08 2003-13 2003-05 2003-08 2003-2013 2003-05 2005-08 2005-13 
Solomon Rd Swamp• 

Mandogalup 
(\Vattcluo) Lake• 

Karrakaua Ccmral & S0111!, Complex 

Forrcstd::ilc Lake 11 I 2 4 I 315 512 5 719 9/6 ScYcrc Significant Sig./sc ,·crc 

Sof11l1cm Rircr Complex 

Harrisdalc Swamp• 
(39867644655) I I 2 4 3 3 3 7 7 7 Signific;:mt Signific:int Signific:int 

Lake Bal:muo' I 
TERRESTRJAL ECOSYSTEMS 

Gnangara 

Herdsman Complex 

PM24 I I 2 4 3 3 3 7 7 7 Signific;:mt Sign_ific;:inl Significant 

Badgcrup L:ikc & 
Adjacent Bushland, 
Wanncroo• 

Ycllagonga Regional 
Park, \Vanncroo / 
Wood,·a!c• 

Pi11jar Comp/e:r 

MTJS I 3 5 9 2 I I II IO 10 Moder.ate Moder.ate Moderate 

JBS 3 2 3 8 I I I 9 9 9 Significant Significant Significant 

Numb.at Road 
Bushl:md, 
Maridniuo• 
Lillie Coogce Fial, 
Piniar 

Ba.uemlcm, Cc11tr11l & So11tlt Complex 

MM18 I 2 3 (, 5 5 5 II II II Moderate Moderate Moderate 

MM53 I 2 5 8 5 5 5 13 13 13 Notsig. Notsig. Notsig. 

MM59B I 2 3 6 3 4 4 9 10 10 Signific:mt Modcmte Moderate 

MM55B 2 I 5 8 2 4 4 IO 12 12 Modcr:ilc Moderate Modcrntc 

MM49B 2 2 5 9 2 4 5 II 13 14 Moderate Nolsig. Notsig. 

MM16 I 2 5 R I I I 9 9 9 Significant Significant Significant 
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Study of EWRs on the Gnangara and Jandakot mounds Under Section 4(,. FI NAL 

Sub-croup/ GOE Consl' n ·11 tion Currl'nt (min lli sloric Susceptibili ty Prcdicll'd croundwaler lc-n ·I Risk of impac t Ll'\'CI of possible lmpacl 
rnlur 2003) drplh wn trrh'\·e l (conse rrn lion chance score 

to clrnni,:r + curnnl 
croundwa ler scorr drpth + 
score historic) 

2003-05 2003-08 2003-13 2003-05 2003-08 2003-2013 2003-05 2005-08 2005-13 
Gnangara Lake & 
adjacent Bushland, 
Gnamu1ra• 

Bt1.r.w:mlcm1 North 

PM9 2 3 4 9 2 3 2 II 12 II Moderate Moderate Moderate 
WM ! I 2 3 6 5 5 4 II II 10 Moderate Moderate Moderate 
IVM2 I 2 3 6 3 2 I 9 8 7 Signi fican t Significant Signiricant 

IVM6 2 3 5 IO 5 4 3 15 14 13 Not sis. Not sig. Not sis. 
IVMR I 2 3 <, I I I 7 7 7 Sisniricant Significan t Significant 

NR6C I 2 3 6 I I I 7 7 7 Signi ricant Signifi cant Significant 

NRI IC I 2 3 6 I I I 7 7 7 Signi fican t Significant Signi ficant 

LJ0 I 2 3 6 2 4 3 8 10 9 Significant Moderate Moderate 
LI I0C 2 3 5 10 5 4 3 15 14 13 Not sis. Not sig. NoLSi£. 
L220C I 2 3 6 4 3 3 10 9 9 Moderalc Significant Significa nl 

MM l2 I 2 3 6 2 2 3 8 8 9 Signi ficant Signific:mt Sisn ificant 
State Forest <,5 -
Gnangara: Pl:mtation 
Bushland• 
Rose lla Rd Bushland• 
3-6m I 2 3 6 3 2 2 9 8 8 Sisni fican t Sisni ficant Significant 
6- 10111 I 3 4 8 4 3 3 12 II II Modcra1c Moderate ModcraLe 

De ll a Road South 
Bush land, 
Bull sbrook• 
Wablinc Man.igcmc nt 
PrioritYArca• 
Ycal Nature Resc n ·e• 
T.in~lctoc• 
Kirby Road Bushland. 
Bulls brook• 
Muc hca Ai r Weapons I 3 4 8 4 3 4 12 II 12 Moderate Moderate Mode ralc 
Ran(!C Bushl:md• 

Bt1sscmlc,m Noni, Transi1io11 Comple:r 

Hawkins Road 
Bushl,md. Jandabup• 

Co/fcs loc Ccntrn{ & So111h Complex 
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Study of EWRs on the Gnangarn and fandakot mounds Under Section 46. FINAL 

Sub-group/ GDE Consen·a lion Current (min Historic Susceptibi111y Predic led groundwater le,·tl Risk or impact Lcnl of possible impact 
,·alue 2003) depth w111erlc,•el (conservation change score 

lo cha nge +currenl 
groundwater score depth + 
score historic) 

2003--05 2003-08 2003-13 2003--05 2003-08 2003-2013 2003--05 2005--08 2005-13 
\Vilbinga-Caraban 
Bushland• 
Yanchcp N;:i tional 
Pnrk • 

Colfesloc Noni, I Coucs/oc Ce111ral & S0111/, Complc:r 

Ridges & adjoccnl I 2 I 4 I I I 5 5 5 Sc\'crc Sc\'crc Sc\'crc 
Bushland - Yonchco• 
Stnlc Forest 65 -
Pinjnr Plnnlation 
South Bushland, 
Nowcrgup / Y:mchcp 
/Nccrabuo• 
Nccrabup National 
Park, Lake Nowcrgup 
Nature Rcscn·c • 
Garden Park 
Bushland. \Vanncroo• 
High Ro.ad Bushland, 
\V;mncroo• 
Errim, Road 
Bushl and• 

Lake Gwclup 
Reserve• 
Dccourcc\' Wav 
Bushland: · 
M::iran!!::iroo• 
L:mdsdalc Road 
Bushland. l:lndsd::ilc• 
Koondoolil Regional 
Bushland• 

So11them Rfrcr Complc:r 

Cardinal Dri,·c 
Bushland, 
Ellcnbrook• 
Ca\'crsham Airbase 
Bushlond, West 
Swan• 
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St udy o f EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Sub-i.:roup / CDE Consen·iition Current (min Historic Susceplibilily Predicted groundwntcr level Risk of lmp11ct Lc,·el of possible lmpacl 
rnlue 2003) depth wntcrkHI (consen·allon chance score 

lo clmni;:e + current 
croundwaler sco re deplh + 
score historic) 

2003-05 2003-08 2003-13 2003-05 2003-08 2003-2013 2003-05 2005-08 2005-13 
fo11ga Complex 

Ellenbrook Upper 
Swan• 

Bullsbrook N.it ure 
Reser,e• ,· 
Sawpit Road 
Bushlilnd' 
Twi n Swamps Nature 
Resen ·e• 

Ellenbrook N:llure 
Resen ·e• 

Ja11dak11t 

Herd.wum Complc.r 

JEl7C I I 5 7 2 4 4 9 II II Signi fic:mt Moderate Moderate 

Harry Waring 
Marsu ial Rescn ·c • 

Ba.uc11dl'clll Cc111rc, / & So11tli Complex 

JEIOC 3 2 5 10 3 3 3 13 13 13 Nol sig. Not sig. Notsig. 

JM 3 1 3 2 2 7 3 3 4 10 10 I I Modcrale Moderate Moderate 

JM1 9 2 3 I (, ~ 4 4 IO 10 10 Moderate Moderate Moderate 

JM35 I 2 ; 8 2 3 3 10 II II Moderate Moderate Moderate 

JE4C I 2 3 6 2 3 3 8 9 9 Signilic.mt Significant Signific.int 

JM7 2 2 3 7 I 3 4 8 10 II Signilic.inl Moderate Moderate 

JMR I 2 3 (, I 4 4 7 10 JO Signific.int Moderate Modernte 

JM4 5 I 2 3 6 2 4 4 8 10 10 Signi fi cant Moderate Moderate 

8284 3 2 I (, 2 4 4 K 10 10 Signi ficant Moderate Moderalc 

JM49 3 2 3 8 I 2 3 9 10 II Signi ficant Moderate Moderate 

JM39 3 2 3 8 I J 3 9 II II Significant Moderate Moderate 

North L.ikc, North 
Lnke• 

Bibra Lake. Bibra 
Lake' 

South L:ike' 

Mandogalup Ro:id 
Bush land' 
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Study of EWRs on Lhc Gn:mgara and Jandakot mounds Under Section 46. FINAL 

Sub-group/ GDE Comen·atlon Current (min Historic Susceptibility Predicted groundwater le\'el Risk or Impact Lewi or possible impact 
,·aluc 2003) d<plh water lt\'tl (comernlion change score 

C l 
lo change + current 
groundwater score dtpth+ 
score historic) 

2003-05 2003-08 2003-13 2003-05 2003-08 2003-2013 2003-05 2005--08 2005--13 
The Spectacles• 
Sand\' Lake• 
Sicklemorc Road 
Bushland• 
Casunrina Prison 
Bushlnnd• 
Wandi Nature 
Rcscr,c• 
Baniuo Bushland• 
Modong Nature 
Rcscn ·c• 

Couesloc Cc111ml & Sm,t/1 Complex 

JMl6 I 2 2 5 4 5 5 9 10 10 Signific.:int Moderate Moderntc 

JMl4 11 2 3 6 2 4 4 8 10 IO Significant Moderate Moderate 

S011thcr11 Rfrcr Complex 

Pirarra Nature 
Rcscn·c• 
Anstev/Keanc 2 I I 4 2 3 
dompiand & adjacent 

3 6 7 7 Se,·crc Significrant Significant 

Bushland• 
B:ilannup & adjacent 
Bushland• 

Karrttkatta Cc111rnl & South Complcr 

Y:i.ngcbup & Little 
Rush Lakes, 
Yan~ebuo• 
Forrestdrale L:ikc & 
adjacent Bushl:ind• 

BASE-FLOW SYSTEM 

Ellen Brook creek I 
system (on boundary 
of stud\' area) 
Quin Brook 
Lake 181 
(38749652539)' I 2 3 6 I I I 7 7 7 Significant Significant Significant 
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Sub-grouJ> / CDE Conscn·ation Current (min Hlsloric Susccp1ibilily Prcdic lrd groundwalcr lcnl Risk of lmpacl Lcnl of possible impacl 
Yaluc 2003) dcplh watl'rlcHI (conscn,alion chan1:e score 

lo changl' + current 
i:roundwalcr score depth+ 
score historic) 

2003-0S 2003-08 2003-13 2003-05 2003-08 2003-2013 2003-05 2005-08 2005-13 

Sumpland 61 I I 2 4 I I I 5 5 5 Sc\"crc Scrcrc Scrc rc 
(38385652763)· 
Floodplain 48 I 2 2 5 I I I 6 (, (, Sc,·crc Sc\"crc Sercre 

(3823 1652928)· 
Floodplain 88 I I 3 5 I I I (, (, (, Scrcre SC\"CfC Sercrc 

(38454652772)" 
Bcnncll Brook 

I 

Lcnnards Brook (on 
bound;:i~· or study I 
urea) • 

CAVE AND AQUIFER ECOSYSTEMS 

Crvstol Co,·c (YN I) I I I 3 I I I 4 4 4 Sc,·crc Se,·cre Sc\"ere 

Waler C.:i,·e (YN 11) I I I 3 I I I 4 4 4 Scrcrc St\"Cfe Sc,·crc 

Carpark Co,·e (YN IK) I I I 3 I I I 4 4 4 ScHrc Se,·crc Sc,·crc 

Gi leic Care (YN27) I I I 3 I I I 4 4 4 Se\"crc Se,·cre Scrcrc 

Cab,irct Ca,·c (YN30) I I I 3 I I I 4 4 4 Sc\"Crc Scrcrc Screrc 

Boomer,mg Ca\"c I I I 3 I I I 4 4 4 Se,·erc Sc\"crc Sc\"cre 

(YN99) 
Twi li ght Co,·e I I I 3 I I I 4 4 4 Sc,·crc Sererc Sncre 
(YNl 94) 
Un-named ca,·e I I I 3 I I I 4 4 4 Se,·erc SC\·ere Se ,·cre 

(YN6 1) 
Ct1,·c on Lot 5 1 I I I 3 I I I 4 4 4 Sc,·crc Severe Scrcrc 

(YN555) 
Orpheus C.irc I I I 3 I I I 4 4 4 Scrcrc Se,·ere Sc,·crc 

(YN25G) I 
Jackh.immer Ct1,·c I I I 3 I I I 4 4 4 Sc,·cre Scrcrc Se,·erc 

(YN 438) 

ESTUARINE AND NEAR-SHORE MARJNE ECOSYSTEMS 

Marmion Mari ne Park 

Limestone reefs 

Sca~rass Meadows 

Wrack (lxtached 
M.icronh,tes) 

Un-rc12ctatcd S.ind 
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Sub-group / GDE Consen·ation Current (min Historic Susteptibilily Predicted groundwatu le,•tl Risk orimpacl Lrnl of possible impact 
,•alue 2003) dtp lh waler le,·el (consen·alion change score 

lo change +curr-enl 
groundwaler score depth+ 
score hislor-lc) 

2003-05 I 2003-08 I 2003-13 2003-05 I 2003-08 I 2003-2013 2003-05 I 2005-08 I 2005.13 

Writer Column I I I I I I 

Centre for Ecosystem Management, ECU, Joond;i\up 159 

L 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Table 10: Possible response to drawdown in the key elements of wetland ecosystems for 4 degrees ofrisk of impact 
(adapted from Environmental Protection Authority, 2000, p.20). 

Wetlands Risk of impact and possible response to drawdown 

Key elements Not significant Moderate Significant Severe 
(no detectable change) (small change) ( moderate change) (large change) 

Ecosystem processes 

- Primary production Rates of primary production are Some evidence of reduction in Measurable reductions in rates Severe reductions in rates of 
maintained within the limits of rates of primary production in of primary production in primary production in response 
natural variation. response to drying. response to drying. to drying. 

- Nutrient recycling Rates of nutrient recycling are Some evidence of reduction in Measurable reductions in rates Severe reductions in rates of 
maintained within the limits of rates of nutrient recycling in of nutrient recycling in nutrient recycling in response 
natural variation. response to drying. response to drying. to drying. 

- Foodchains No detectable change in Some evidence of disruption to Measurable disruptions to Severe disruptions to 
foodchains . foodchains. foodchains . foodchains . 

- Sediment No detectable change in No detectable change in Some evidence of sediment Measurable destabilisation of 
stabilisation sediment stabilisation. sediment stabilisation. destabilisation. wetland sediments. 

- Pollutant filtration No detectable change in rates No detectable change in rates Some evidence of change in Measurable reductions in rates 
ofoollutant filtration of pollutant filtration rates of pollutant filtration. of pollutant filtration . 

Biodiversity (vegetation) 

- Species No detectable change in species Some evidence of Measurable encroachment of Significant change in dominant 
composition composition. establishment of exotic species xeric species into wetland. populations with 

as result of disturbance and/or terrestrialisation through 
drying. encroachment of xeric species. 

- Species distribution No detectable change in Some evidence of changing Measurable contraction of Greater than 50% reduction in 
distribution of species. distribution with disturbance wetland through changing abundance of dominant species 

and/or drying allowing demographics of more than one and /or significance change in 
establishment of exotic species. species, with encroachment of dominant populations, with 

xeric species into the wetland. terrestrialisation through 
encroachment of xeric species. 

- Species mortality No detectable mortality. Some mortality of individuals. Greater than 15% reduction in Greater than 50% reduction in 
abundance of dominant species. abundance of dominant species. 

- Species richness No detectable change in species Some evidence of decline in Measurable decline in richness Significant change in richness 
richness. richness of wetland species. of wetland species and/or of wetland species and 

increase xeric species richness. replacement by xeric species. 

-Community No detectable change in Some evidence of change in Notable change in community Significant change in 
structure community structure. community structure. structure. community structure. 

Ab1111da11ces and biomass of biota 

- Vegetation density, No detectable change in Some evidence of reduced Measurable crown dieback in Substantial crown dieback in 
cover and frequency density, cover and abundance. growth in overstorey and/or overstorey species and/or overstorey species and loss of 

understorey species. reduction in cover of density and cover in 
understorey. understorey. 

- Vegetation height No detectable change in Some evidence of change in Measurable reductions in Significant reductions in height 
and diameter vegetation height and diameter. height due to loss of vigour height due to loss of canopy due to loss of canopy and 

and/or thinning of canopy. and/or reduced diameter of reduced diameter of adult 
adult stems. stems. 

- Vertebrate No detectable change in Some evidence of reduced Measurable changes in Greater than 50% reduction in 
abundance vertebrate abundance·. vertebrate abundance. vertebrate abundance due to vertebrate abundance due to 

reduction in food and/or habitat reduction in food and/or habitat 
availability as result of drying. availability as result of drying. 

-Macroinvertebrate No detectable change in Some evidence of reduced Measurable changes in Greater than 50% reduction in 
abundance macroinvertebrate abundance. macroinvertebrate abundance. vertebrate abundance due to vertebrate abundance due to 

reduction in food and/or habitat reduction in food and/or habitat 
availabilitv as result of drving. availability as result of drving. 

Q11ality of water and sediment 

- Physical and Levels of contaminants & other Small detectable changes Moderate changes beyond Substantial changes beyond 
biochemical measures of quality remain beyond limits of natural limits of natural variation but limits of natural variation. 
properties of within limits of natural variation but no resultant effect not to exceed specified criteria. 
sediments and variation. on biota. 
groundwater 
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Study ofEWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Wetlands 
o Ecosystem processes 

Wetland water levels fluctuate both seasonally and inter-annually in response to rainfall, with 
groundwater and wetland water levels generally higher in years of high rainfall and lower during poor 
rainfall years . Prolonged periods of drying induced or exacerbated by drawdown may reduce primary 
production and nutrient recycling as well as disrupting foodchains. In extreme cases of drying the loss 
of wetland vegetation may result in sediment destabilization and reduction of pollutant filtration. 

o Biodiversity 
Progressive drying results in alteration of vegetation habitat type that often leads to colonisation of 
more xerophytic species (more tolerant of drier conditions). The process of terrestrialisation is the 
gradual process of dry land plant species colonisation, encroachment and dominance of a site. This is 
usually a response to a gradual drying of a wetland to the point where water requirements of wetland 
species can no longer be met. The consequent death ofmesophytic wetland species and decline of their 
populations is followed by gradual colonisation and replacement by xerophytic dryland species with 
lower water requirements. The process is not irreversible and is commonly interrupted by changes in 
rainfall patterns and hydrological support mechanisms. 

The potential for colonisation by exotic plant species is increased if the impact of drawdown has 
resulted in canopy decline and suitable habitat for weeds becoming available. The potential for weed 
invasion depends on the proximity of propagule sources (e.g. from nearby agricultural land uses) and 
site conditions. Rapid and extensive weed growth has significant ramifications for native species 
recruitment success, preventing seedling establishment and increasing the risk of disturbance by fire. 
Invasive species (ruderals) may come to dominate wetland vegetation (e.g. Typha) in rare cases. 

Reduced or lost structural diversity and populations of aquatic fauna may occur in response to reduced 
habitat. For example, reduced open water in permanent wetlands during later months of dry season will 
reduce available habitat for water birds. Lifecycles of invertebrates are often timed to enable 
completion while seasonal wetlands contain water. Groundwater decline may disrupt these cycles 
preventing reproduction and/or maturation of aquatic invertebrate species and their ultimate loss from 
the wetland. 

o Abundances and biomass of biota . 
Alteration of vegetation habitat as a result of groundwater decline will also impact on the abundance of 
individual plant and fauna species. Vegetation abundance refers to quantity and is measured by 
number, size or extent. It includes density, cover and frequency as well as measures of size such as 
biomass, height or diameter. As described in relation to biodiversity, groundwater declines may lead to 
terrestrialisation of a wetland ecosystem. This will lead to reduction in abundances of wetland 
vegetation species and an increase in terrestrial species . 

Abundances of vertebrate and invertebrate fauna reliant on wetlands and/or wetland vegetation for 
habitat, breeding grounds, feeding or as a direct source of water, will generally also be negatively 
impacted by declining water levels . 

o Quality of water and sediment 
Groundwater declines and the subsequent drying of wetlands will result in changes in physical and bio­
chemical characteristics in wetland sediments and altered physicochemical properties of the water 
column. Eutrophication may occur due to changes in sediment absorption capacities, internal loading 
and nutrients derived from the death of aquatic organisms and terrestrial plants growing on the wetland 
bed (Sommer, 200 I) . Acidification may also occur in susceptible wetlands along with emissions of 
CO2 and CH4. Shrinking, cracking and compaction of drying sediments may lead to the formation of a 
hard, impenetrable crust beneath which anoxic condition will prevail (Sommer, 2001) . 
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Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Table 11: Possible response to drawdown in the key elements of terrestrial ecosystems for 4 degrees ofrisk of impact 
(adapted from Environmental Protection Authority, 2000, p. 20). 

Terrestrial phreatophytic vegetation Risk of impact and possible response to drawdown 

Key elements Not significant Moderate Significant Severe 
( no detectable change) ( small change) (moderate change) (large change) 

Ecosystem processes 

- Primary production Rates of primary production Some evidence of reduction in Measurable reductions in rates of Severe reductions in rates of 
are maintained within the rates of primary production in primary production in response to primary production in response to 
limits of natural variation. response to drying. drying. drying 

- Nutrient recycling Rates of nutrient recycling Some evidence of reduction in Measurable reductions in rates of Severe reductions in rates of nutrient 
are maintained within the rates of nutrient recycling in nutrient recycling in response to recycling in response to drying. 
I imits of natural variation. response to drying. drying. 

- F oodchains No detectable change in Some evidence of disruption to Measurable disruptions to Severe disruptions to foodchains. 
foodchains. foodchains . foodchains . 

- Sediment /soil No detectab_le change in soil No detectable change in soil Some evidence of soil Measurable destabilisation/erosion 
stabilization stabilisation. stabilisation. destabilisation/eros ion. of soil. 

Biodiversity 

- Species composition No detectable change in Some evidence of encroachment Measurable signs of Loss of less drought tolerant species 
species composition. of more drought tolerant species. encroachment of more drought from ecosystem, with establishment 

tolerant species. of exotic species and gradual 
dominance b~ more drought tolerant 
species. 

- Species distribution No detectable change in Some evidence of changing Measurable change in Overstorey and understorey decline 
distribution of terrestrial distribution and encroachment of demographics of some species and/or loss of species from 
phreatophtyic species (not more drought tolerant species with encroachment of more ecosystem. > 50% reduction in 
measurable in past 20 into areas previously dominated drought tolerant species into abundance of dominant populations 
years). by less drought tolerant species. areas previously dominated by and/or disturbance allowing 

less drought tolerant species. establishment of exotic species. 

- Species mortality No detectable mortality. Some mortality of individuals. Greater than 15% reduction in Greater than 50% reduction in 
abundance of dominant species. abundance of dominant species. 

- Species richness No detectable clmnges in Some evidence of decline in Measurable decline in richness of Significant change in richness of 
species richness. richness of less drought tolerant less drought tolerant species less drought tolerant species and 

species. and/or increase xeric species replacement by more xeric species. 
richness. 

- Community No detectable change in Some evidence of change in Notable change in community Significant change in community 
structure community structure. community structure. structure. structure. 

Abundances and biomass of biota 

- Vegetation density, No detectable change in Some evidence of reduced Measurable crown dieback in Substantial cro\,11 dieback in 
cover and frequency density, cover and gro\\1h in overstorey and/or overstorey species and/or overstorey species and loss of 

abundance. understorey species. reduction in cover of understorey. density and cover in understorey. 

- Vegetation height No detectable change in Some evidence of change in Measurable reductions in height Significant reductions in height due 
and diameter vegetation height and height due to loss of vigour due to loss of canopy and/or to loss of canopy and reduced 

diameter. and/or thinning of canopy. reduced diameter of adult stems. diameter of adult stems. 

- Vertebrate No detectable change in Some evidence of reduced Measurable changes in vertebrate Greater than 50% reduction in 
abundance vertebrate abundance. vertebrate abundance. abundance due to reduction in vertebrate abundance due to 

food and/or habitat availability as reduction in food and/or habitat 
result of drying. availability as result of drying. 

-Macroinvertebrate No detectable change in Some evidence ofreduced Measurable changes in vertebrate Greater than 50% reduction in 
abundance macroinvertebrate macroinvertebrate abundance. abundance due to reduction in vertebrate abundance due to 

abundance. food and/or habitat availability as reduction in food and/or habitat 
result of drying. availability as result of drying. 

Quality of water and sediment 

- Physicochemical Levels of contaminants & Small detectable changes beyond Moderate changes beyond I imits Substantial changes beyond limits of 
properties of sediment other measures of quality limits of natural variation but no of natural variation but not to natural variation 
and groundwater remain within limits of resultant effect on biota exceed specified criteria 

natural variation 
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• Terrestrial phreatophytic vegetation 

o Ecosystem processes -'!J ' 

Primary production in groundwater dependent terrestrial vegetation is disrupted by groundwater 
drawdown as individual plants become water stressed leading to reduced vigour and growth rates. Loss 
of vigour may in turn lead to reduced nutrient uptake from soils and therefore disrupt nutrient cycles. 
Foodchains may also be disrupted a? vegetation structure changes. 

o Biodiversity 
As species more vulnerable to prolonged dry periods become locally extinct, the diversity and 
composition of a phreatophytic terrestrial vegetation community changes. In severe cases, diversity 
may be significantly reduced, and comprise drought tolerant xerophytic species only. Under conditions 
of moderate drawdown, replacement of mesophytic species with xerophytes (compositional dynamics) 
will offset any potential reductions in diversity . lJpon death of drought intolerant species, spatial niches 
may become available to weed species colonisation. Such weed species would possess drought 
tolerance/avoidance mechanisms that facilitate establishment, reproduction and persistence within the 
community. 

o Abundances and biomass of biota 
Phreatophytic vegetation may respond to groundwater drawdown at three different levels ; individual, 
p.opulation or community. At the population level changes in abundance can be described in terms of 
reduction in canopy cover, loss of mature plants, increase in mortality rates, reduced seedlings 
establishment and shift in distribution towards a shallower depth to groundwater (Froend et al., 2002). 

o Quality of water and sediment 
Although manipulation of the groundwater table during mining operations may lead to re-injection of 
water of differing qualities into an aquifer, there is little evidence to suggest that groundwater 
drawdown will lead to changes in the quality of groundwater available to terrestrial vegetation. 
However, excessive drying of the soil profile may result in changes in organic content and lead to 
hydrophobic conditions, reducing the water holding capacity of soils. 

■ Cave and aquifer communities 

Subsurface aquifer ecosystems support subterranean fauna and organisms such as invertebrates, 
crustacea, stygophile and stygobite (PPK Environment & Infrastructure Pty Ltd., 2001). Groundwater 
dependent cave ecosystems support a variety of flora such as mosses and subterranean fauna including 
blind fish and crustaceae. These ecosystems are recognized as totally dependent on groundwater and 
therefore any drawdown will, at best result in reductions in key elements of ecosystem integrity, at 
worst, in complete collapse of the entire ecosystem. Due to the relictual nature of many of these 
ecosystems and their subsequent high conservation values, there is no level of change that could be 
considered acceptable (Table 12). 

■ Base-flow systems 

As riverine and wetland ecosystems support similar processes and biota they can be considered to 
respond to groundwater drawdown in a similar fashion. However, as it is generally assumed that base­
flow systems are only proportionality dependent on groundwater, the level of change in key elements 
of ecosystem integrity may also be only proportional (Table 13). 

Response differences may however occur in relation to water and sediment quality . During dry periods, 
the baseflow contribution to streamflow is highest. Groundwater drawdown will not only reduce the 
overall volume of baseflow, but may cause increased concentrations of nutrients, pollutants and salts in 
both water and sediments. 
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Table 12: Possible response to drawdown in the key elements of cave and aquifer ecosystems for 4 
degrees ofrisk of impact (adapted from Environmental Protection Authority, 2000, p. 20). 

Cave and aquifer ecosystems Risk of impact and possible response to drawdown 

Key elements Not significant Moderate Significant Severe 
(no detectable change) (small change) ( moderate change) (large change) 

Ecosi,stem processes 
- Primary Rates of primary Severe reductions in rates of Severe reductions in rates Severe reductions in 
production production are primary production in of primary production in rates of primary 

maintained within limits response to drying. response to drying. production in response 
of natural variation. to drying. 

- Foodchains No detectable change in Severe disruptions to Severe disruptions to Severe disruptions to 
foodchains. food chains. foodchains. foodchains . 

Biodiversity 

- Species No detectable change in Measurable loss of water Measurable loss of water Measurable loss of 
composition species composition. dependent cave and aquifer dependent cave and aquifer water dependent cave· 

fauna. fauna. and aquifer fauna. 

- Species No detectable change in Measurable contraction of Measurable contraction of Measurable contraction 
distribution species distribution. species distribution. species distribution. of species distribution. 

- Species richness No detectable change in Measurable decline in Measurable decline in Measurable decline in 
species richness specie~ richness due to species richness due to species richness due to 

drying. drying. drying. 

-Community No detectable change in Measurable change in Measurable change in Measurable change in 
structure community structure. community structure. community structure . community structure. 

Ab1111da11ces a11d biomass o,fbiota 

- Macroinvertebrate No detectable change in Greater than 50% reduction Greater than 50% reduction Greater than 50% 
abundance macroinvertebrate in vertebrate abundance due in vertebrate abundance due reduction in vertebrate 

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

result of drving. 
Quality of water and sediment 

- Physical and Levels of contaminants Substantial changes beyond Substantial changes beyond Substantial changes 
biochemical & other measures of limits of natural variation. limits of natural variation. beyond limits of natural 
properties of quality remain within variation. 
sediments and waler limits of natural variation 

■ Estuarine and near-shore marine systems 

Some near-shore environments receive freshwater input via aquifers extending off-shore or freshwater 
seepages above fresh/sea water interface. The occurrence of potentially groundwater dependent 
seagrass systems and near shore fisheries has become a recent area of focus for marine ecologists (PPK 
Environment & Infrastructure Pty Ltd., 2001 ). Studies have suggested that seagrass composition can be 
altered following groundwater abstraction and the resultant reduction in freshwater input (Hemminga & 
Duarte, 2000). Groundwater may also provide seagrass in some coastal areas with nutrients (Hatton & 
Evans, 1998). Fauna, includinh fish, turtles, crocodiles ·and macroinvertebrates may feed on other 
groundwater dependent species or rely on them for habitat. 

Although it is likely that these ecosystems are only dependent on groundwater to a limited extent, 
reductions in groundwater inputs may lead to some small changes in the key elements of ecosystem 
integrity (Table 14). 

■ Fauna 

Groundwater dependent terrestrial and wetland vegetation provides habitat, breeding sites and food for 
fauna which by extension must also be groundwater dependent. However, there is another group of 
fauna that depend on groundwater not only as habitat but as a source of drinking water. This group is 
dominated by birds and larger mammals, as respiration provides many small mammals with their water 
requirements . Although described as opportunistically dependent, groundwater drawdown will also 
impact on the key elements of ecosystem integrity as they relate to this group of organisms (Table 15). 
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The categorisation of fauna! dependence upon groundwater indicates that species most dependent upon 
groundwater and therefore generally at the lowest point in the landscape are likely to be affected to the 
greatest extent by falls in groundwater level. This is because the ecosystems on which they depend are 
likely to disappear or alter drastically; the ecosystems will have no-where to go if groundwater levels 
fall. Other species are likely to shift down in the landscape in response to catenary changes. They will 
change in landscape position but probably not in area occupied. It is also possible, however, that there 
may be large impacts at the top of the landscape. This is because with respect to groundwater, there are 
very large areas of upland habitats that have low dependence upon groundwater. If such upland 
habitats are affected, such as through slight changes in soil moisture levels above the groundwater, the 
effect would occur over large areas. All upland habitats would become slightly more xeric. Therefore, 
the equivalent upland habitat to what occurs over large areas now would be reduced to a narrow zone 
on the upper slopes. The significance of this impact cannot be assessed but this sort of effect needs to 
be recognised . 
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Table 13: Possible response to drawdown in the key elements of base-flow systems ecosystems for 4 degrees of risk of 
impact (adapted from Environmental Protection Authority, 2000, p. 20). 

Base-flow systems Risk of impact and possible response to drawdown 

Key elements Not significant Moderate Significant Severe 
(no detectable change) (small change) (moderate change) (large change) 

Ecosystem processes 

- Primary production Rates of primary production Some evidence of reduction Measurable reductions in Severe reductions in rates of 
are maintained within limits in rates of primary rates of primary production primary production in 
of natural variation. production in response to in response to drying. response to drying. 

drving. 
- Nutrient recycling Rates of nutrient recycling Some evidence of reduction Measurable reductions in Severe reductions in rates of 

arc maintained within the in rates of nutrient recycling rates of nutrient recycling in nutrient recycling in response 
limits of natural variation. in response to drying. response to drying. to drying. 

- Foodchains No detectable change in Some evidence of disruption Measurable disruptions to Severe disruptions to 
foodchains. to foodchains . foodchains. foodchains. 

- Sediment No detectable change in No detectable change in Some evidence of sediment Measurable 
stabilization sediment stabilisation. sediment stabilisation. destabilisation/erosion. destabilisation/erosion of 

sediments. 

Biodiversity (l'egelalio11) 

- Species No detectable change in Some evidence of Measurable encroachment of Significant change in 
composition species composition. establishment of exotic terrestrial species dominant populations with 

species as result of terrestrialisation through 
disturbance and/or drying. encroachment of xeric 

species. 

- Species distribution No detectable change in Some evidence of changing Measurable contraction of Greater than 50% reduction 
distribution of species. distribution with disturbance riparian vegetation through in abundance of dominant 

and/or drying allowing changing demographics of species and /or significance 
establishment of exotic more than one species, with change in dominant 
species. encroachment of xeric populations, with 

species. terrestrialisation through 
encroachment of xeric 
species. 

- Species mortality No detectable mortality. Some mortality of Greater than 15% reduction Greater than 50% reduction 
individuals. in abundance of dominant in abundance of dominant 

species. species. 

- Species richness No detectable change in Some evidence of decline in Measurable decline in Significant change in 
species richness. richness of riparian species. richness of riparian species richness of riparian species 

and/or increase xeric species and replacement by xeric 
richness. species. 

-Community No detectable change in Some evidence of change in Notable change in Significant change in 
structure community structure. community structure . community structure. community structure. 

Ab1111da11ces and biomass o,fbiola 

- Vegetation density, No detectable change in Some evidence of reduced Measurable cro\\11 dicback in Substantial crown dieback in 
cover and frequency density, cover and growth in overstorey and/or overstorey species and/or overstorey species and loss of 

abundance. understorey species. reduction in cover of density and cover in 
understorey. understorey. 

- Vegetation height No detectable change in Some evidence of change in Measurable reductions in Significant reductions in 
and diameter vegetation height and height due to loss of vigour height due to loss of canopy height due to loss of canopy 

diameter. and/or thinning of canopy. and/or reduced diameter of and reduced diameter of adult 
• adult stems. stems. 

- Vertebrate No detectable change in Some evidence of reduced Measurable changes in Greater than 50% reduction 
abundance vertebrate abundance. vertebrate abundance. vertebrate abundance due to in vertebrate abundance due 

reduction in food and/or to reduction in food and/or 
habitat availability as result habitat availability as result 
of drying. of drying. 

- Macroinvertebrate No detectable change in Some evidence of reduced Measurable changes in Greater than 50% reduction 
abundance macroinvertebrate macro invertebrate vertebrate abundance due to in vertebrate abundance due 

abundance. abundance. reduction in food and/or to reduction in food and/or 
habitat availability as result habitat availability as result 
of drving. of drving. 

Quality of water and sedime11/ 

- Physicochemical Levels of contaminants & Small detectable changes Moderate changes beyond Substantial changes beyond 
properties of water other measures of quality beyond limits of natural limits of natural variation but limits of natural variation 
column and remain within limits of variation but no resultant not to exceed specified 
sediments. natural variation effect on biota criteria 
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Table 14: Possible response to drawdown in the key elements of estuarine and near-shore marine ecosystems 
for 4 degrees of risk of impact (adapted from Environmental Protection Authority, 2000, p. 20). 

Estuarine and near-shore Risk of impact and possible response to drawdown 
marine ecosystem 

Key elements Not significant Moderate Significant Severe 
( no detectable change) (small change) ( moderate change) (large change) 

Ecosystem processes 

- Primary production Rates of primary Some evidence of Measurable reductions in Severe reductions in rates 
production are maintained reduction in rates of rates of primary of primary production in 
within limits of natural primary production in production in response to response to drying. 
variation. response to drying. drying. 

- Nutrient recycling Rates of nutrient recycling Some evidence of Measurable reductions in Severe reductions in rates 
are maintained within the reduction in rates of rates of nutrient recycling · of nutrient recycling in 
limits of natural variation. nutrient recycling in in re_sponse to drying. response to drying. 

response to drying. 

- Foodchains No detectable change in Some evidence of Measurable disruptions to Severe disruptions to 
foodchains. disruption to foodchains . food chains. foodchains . 

- Sediment No d~tectable change in No detectable change in Some evidence of Measurable destabilisation 
stabilization sediment stabilisation. sediment stabilisation. sediment destabilisation/ of sediments . 

- Pollutant filtration No detectable change in No detectable change in Some evidence of change Measurable reductions in 
rates of pollutant filtration rates of pollutant filtration in rates of pollutant rates of pollutant filtration . 

filtration. 
Biodiversity 

- Species composition No detectable change in No detectable change in Some evidence of change Measurable signs of 
species composition. species composition. in species composition change in species 

composition. 

- Species distribution No detectable change in No detectable change in Some evidence of Measurable change in 
distribution of species. distribution of species. changing distribution demographics of some 

species. 

- Species richness No detectable changes in No detectable changes in Some evidence of decline Measurable decline in 
species richness. species richness. in richness. species richness. 

- Community No detectable change in No detectable change in Some evidence of change Notable change in 
structure community structure. community structure. in community structure. community structure. 

Abundances and biomass of biota I 
- Vegetation density, No detectable change in Some evidence of reduced Measurable reduction in Substantial loss of density, 
cover and frequency density, cover and growth. density, cover and/or cover and abundance . 

abundance. abundance . 
- Vertebrate No detectable change in Some evidence of reduced Measurable changes in Measurable changes in 
abundance vertebrate abundance. vertebrate abundance. vertebrate abundance due vertebrate abundance due 

to reduction in food and/or to reduction in food and/or 
habitat availability . habitat availability. 

- Macroinvertebrate No detectable change in Some evidence ofreduced Measurable changes in Measurable changes in 
abundance macroinvertebrate macroinvertebrate vertebrate abundance . vertebrate abundance 

abundance. abundance. 
Quality of water and sediment I 
- Physicochemical Levels of contaminants & Small detectable changes Moderate changes beyond Substantial changes 
properties of water other measures of quality beyond I imits of natural limits of natural variation beyond limits of natural 
column and remain within limits of variation but no resultant but not to exceed specified variation 
sediments. natural variation effect on biota criteria 
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Table I 5: Possible response to drawdown in the key elements of groundwater dependent fauna for 4 degrees 
ofrisk of impact.( adapted from Environmental Protection Authority, 2000, p. 20). 

Groundwater dependent fauna Risk of impact and possible response to drawdown 

Key elements Not significant Moderate Significant Severe 
(no detectable change) (small change) ( moderate change) (large change) 

Ecosystem processes 

- Foodchains No detectable change in Some evidence of Measurable disruptions to Severe disruptions to 
foodchains. disruption to foodchains. foodchains. foodchains. 

Biodii·ersily 

- Species composition No detectable change in No detectable change in Some evidence of change Measurable signs of 
species composition. species composition. in species composition change in species 

composition. 

- Species distribution No detectable change in No detectable change in Some evidence of Measurable change in 
distribution of species. distribution of species. changing distribution demographics of some 

species. 

- Species richness No detectable changes in No detectable changes in Some evidence of decline Measurable decline in 
species richness. species richness . in richness. species richness . 

-Community No detectable change in No detectable change in Some evidence of change Notable change in 
structure community structure. community structure. in community structure. community structure. 

Abundances and biomass o_fbiota 

- Vertebrate No detectable change in Some evidence of Measurable changes in Measurable changes in 
abundance vertebrate abundance . reduced vertebrate vertebrate abundance due vertebrate abundance due 

abundance. to reduction in food to reduction in food 
and/or habitat availability. and/or habitat availability. 

- Macroinvcrtebratc No detectable change in Some evidence of Measurable changes in Measurable changes in 
abundance macroinvertebrate reduced vertebrate abundance. vertebrate abundance 

abundance. macroinvertebrate 
abundance. 

Quality of water and NIA 
sediment 
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In this section detailed information on the factors considered in the risk of impact matrix are presented 
for those GDEs for which EWRs have been described in Section 2. Possible responses of vegetation to 
modelled drawdown are provided at the community and/or species level where appropriate. Comment 
is also provided on possible response of other ecosystem components where possible . 

Wetlands 

Gnangara Mound 

Loch McNess 

I. Historic water level change and associated changes in ecological condition. 
The hydrograph for the staff gauge at Loch McNess indicates that minimum surface water levels 
declined 0.1 m from 1995 to 2003. There is no evidence of changes in ecological condition associated 
with this decline. 

2. Current hydrology, ecological condition and conservation values. 
Loch McNess is a permanent wetland that exhibits very small seasonal fluctuations in surface water 
levels. Although the water dependent biota of the Lake appear to be in excellent condition there has 
been some evidence of declining water quality in the past. Loch McNess maintains very high 
conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3 .0 modelled drawdown for Loch McNess indicates the western side of the lake may 
experience drawdown of 0.75°1.0 m by 2005, increasing to 1.0-2.0 m by 2008 and 2013. On the 
eastern side drawdown of 1.0-2.0 m is predicted by 2005 and 2008 increasing to 2.0-3 .Om by 2013. The 
magnitude and rate of drawdown far exceed that required to maintain a low risk of impact. 

Drawdown predicted on both sides of the lake over each time period combined with historic changes 
and conservation values represent a severe level of possible impact. Groundwater level decline may 
impact on surface water levels and result in Loch McNess becoming a seasonally inundated sumpland 
or at worst, a seasonally waterlogged dampland. This may result in the loss of habitat for aquatic fauna. 
Groundwater decline of this magnitude is also likely to lead to significant losses of M . rhaphiophylla, 
B. littoralis and B. articulata. 

Lake Yonderup 

I. Historic water level change and associated changes in ecological condition. 
The hydrograph for the staff gauge at Lake Yonderup indicates that minimum surface water levels 
declined 0.06 m from 1995 to 2003. There is no evidence of changes in ecological condition associated 
with this decline. 

2. Current hydrology, ecological condition and conservation values. 
Lake Yonderup is a permanent wetland that exhibits very small seasonal fluctuations in surface water 
levels. The water dependent biota of the Lake appears to be in excellent condition and it maintains very 
high conservation values . 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Yonderup indicates the lake may experience drawdown of 
0.75-1.0 m by 2005, increasing to 1.0-2.0 m by 2008 and 2013. The magnitude and rate ofdrawdown 
far exceed that required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a severe level of possible impact. Groundwater level decline may impact on surface water 
levels and result in Lake Yonderup becoming a seasonally inundated sumpland or at worst, a seasonally 
waterlogged dampland. This may result in the loss of habitat for aquatic fauna. Fringing and emergent 
vegetation may be lost, in particularly B. littoralis, which responds quickly to water level decline and 
M. rhaphiophylla. B. articulata and T. orientalis may encroach into the basin, reducing the area of open 
water and impacted on habitat and feeding grounds of vertebrates and waterbirds. 
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Lake Wilgarup 

1. Historic water level change and associated changes in ecological condition. 
The hydrograph for the monitoring bore at Lake Wilgarup indicates that minimum groundwater levels 
declined 0.55 m from 1995 to 2003 . This has coincided with severe declines in the ecological condition 
of the wetland, including the widespread loss of M. rhaphiophylla saplings and some mature trees, 
deaths of mature B. littoralis, thinning of B. articu/ata and the invasion of exotic species. No surface 
water has been recorded at Lake Wilgarup since 1998 resulting in the loss of macroinvertebrates and 
drying of organic rich sediments. 

2. Current hydrology, ecological condition and conservation values. 
Lake Wilgaup was regarded as a seasonally inundated wetland, but is now dry throughout the year. The 
ecological condition of the wetland has declines significantly in recent years however, Lake Wilgarup 
still retains high conservation values. 

3. Predicted drawdown and possible ODE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Wilgarup indicates the western side of the lake may 
experience drawdown of0.5-0.75 m by 2005, increasing to 0.75-1.0 m by 2008 and 1.0-2.0 m by 2013. 
On the eastern side drawdown of 0. 75-1.0 m is predicted by 2005 and 2008 increasing to 10.0-2.0 m by 
2013. The magnitude and rate of drawdown far exceed that required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a severe level of possible impact. Drawdown will further exacerbate the declining condition 
of this wetland. Total loss of tree seedlings and emergent macrophytes should be expected along with 
continued decline in the vigour of mature trees. However, terrestrialisation is unlikely to occur for 
some time due to the dense nature of litter across the wetland basin. Excessive drying of the peat layer 
also makes Lake Wilgarup highly susceptible to fire . 

Pipidinny Swamp 

1. Historic water level change and associated changes in ecological condition. 
The hydrograph for the staff gauge at Pipidinny indicates that minimum surface water levels remained 
relatively constant from 1995 to 2003 however, there has been a decline in peak levels over that time. 
There has been an increase in the conductibility of the ponds in recent years suggesting the possibility 
of salt water intrusion associated with surrounding groundwater decline. 

2. Current hydrology, ecological condition and conservation values. 
Pipidinny Swamp appears to be permanently inundated and continues to support water birds and other 
groundwater dependent vertebrates and macroinvertebrates. The conservation values of the wetland 
remain high. 

3. Predicted drawdown and possible ODE/community/species response. 
PRAMS 3.0 modelled drawdown for Pipidinny Swamp indicates wetland may experience drawdown of 
0.5-0.75 m by 2005, increasing to 0.75-1.0 m by 2008 and 1.0-2.0 m by 20 I 3 in the east and 0.75-1.0 m 
in the west. The magnitude and rate of drawdown far exceed that required to maintain a low risk of 
impact. 

Drawdown predicted on both sides of the lake over each time period combined with historic changes 
and conservation values represent a significant level of possible impact. Groundwater level decline may 
impact on surface water levels and result in Pipidinny Swamp becoming a seasonally inundated 
sumpland or at worst, a seasonally waterlogged dampland. This may result in the loss of habitat for 
aquatic fauna . The sedge species that constitute the TEC at this site may decline in density and 
condition along with fringing M. rhaphiophylla . 

Lake Nowergup 

1. Historic water level change and associated changes in ecological condition . 
The hydrographs for the staff gauge and monitoring bore at Lake Nowergup indicates that minimum 
surface water levels declined >0.33 m from 1995 to 2003, drying at the staff gauge since 2000, while 
peak surface water and minimum and peak groundwater levels have increased. These increases are the 
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result of artificial maintenance of surface water levels. Despite artificial maintenance the health of E. 
rudis and M. rhaphiophylla has declined significantly in recent years, B. articulata has been thinning 
and T. orientalis and other exotics have been encroaching into the basin. 

2. Current hydrology, ecological condition and conservation values. 
Lake Nowergup is a permanent, deep wetland that has been artificially maintained in recent years. 
Although there has been decline in the ecological condition of the wetland it retains very high 
conservation values. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Nowergup indicates the western side of the lake may 
experience drawdown of 1.0-2.0 m by 2005, 2008 and 2013. On the eastern side drawdown of 1.0-2.0 
m is predicted by 2005 and 2.0-3.0 m by 2008 and 2013. The magnitude and rate of drawdown far 
exceed that required to maintain a low risk of impact. 

Drawdown predicted on both sides of the lake over each time period combined with historic changes 
and conservation values represent a severe level of possible impact. Unless artificial maintenance is 
successful is retaining adequate surface water level the predicted declines are likely to result in further 
encroachment of T. orientalis across the basin, loss of B. articulata from the wetland fringes and 
continued decline in the condition of M. rhaphiophylla and E. rudis. Recruitment of exotics and tree 
species across the basin is also possible. 

Lake Joondalup 

I. Historic water level change and associated changes in ecological condition . 
The hydrographs for the staff gauge and monitoring bore at Lake Joondalup indicates that minimum 
surface water and groundwater levels declined 0. 12 and 0.4 m respectively from 1995 to 2003 . This has 
coincided with some decline in the condition of fringing vegetation and encroachment of T. orientalis 
into the southern reaches of the basin. Sediments have dried and contributed to wind-throw of some 
mature M. rhaphiophylla. Water quality has also been impacted, with high nutrients, high chlorophyll a 
and low DO recorded during summer. 

2. Current hydrology, ecological condition and conservation values. 
Lake Joondalup retains small pools of surface water throughout most summers. It provides some 
drought refuge for waterbirds during summer and supports other vertebrate and invertebrate species. 
Fires and invasion of exotic plant species have impacted on the ecological condition of the wetland 
along with water level decline however, the wetland it retains very high conservation values . 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Joondalup indicates the western side of the lake may 
experience drawdown of 0.75-1.0 m by 2005 and 1.0-2.0 m by 2008 and 2013 . On the eastern side 
drawdown of 1.0-2.0 mis predicted by 2005 and 2008, to 2.0-3.0 m by 2013. The magnitude and rate 
of drawdown far exceed that required to maintain a low risk of impact. 

The magnitude and rate of drawdown predicted on both sides of the lake over each time period 
combined with historic changes and conservation values represent a severe level of possible impact. 
The surface water component of the wetland is likely to dry completely unless perching occurs 
resulting in the loss of habitat. There is also likely to be further encroachment of T. orientalis and B. 
articulata, increased wind throw of trees, loss of fringing vegetation condition and possible recruitment 
of exotics and native species across the basin, along with declines in water quality. 

Lake Goollelal 

I. Historic water level change and associated changes in ecological condition. 
The hydrographs for the staff gauge and monitoring bore at Lake Goollelal indicates that minimum 
surface water level declined 0.06 m from I 995 to 2003 following a long-term trend of increasing water 
levels. This has lead to increased inundation of fringing trees and some decline in the condition of E. 
rudis and contraction of B. articulata bands away from the wetland basin. 

2. Current hydrology, ecological condition and conservation values. 
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Lake Goollelal is a pennanent wetland that has shown an increasing trend in water levels since the 
1970's. The wetland provides habitat and feeding grounds for waterbirds and other vertebrate species. 
Water quality has, however declined in recent years and exotic vegetation dominates the understorey . 
Although there has been decline in the ecological condition of the wetland it retains very high 
conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Goollelal indicates the western side of the lake may 
experience drawdown of0.5-0.75 m by 2005, to 0.75-1.0 m by 2008 and 2.0-3.0 m by 2013. On the 
eastern side drawdown of0.75-1.0 mis predicted by 2005, to 1.0-2.0 m by 2008 and >3.0 m by 2013. 
The magnitude and rate of drawdown far exceed that required to maintain a low risk of impact. 

Although Lake Goollelal has experienced increasing water levels in the past, the magnitude and rate of 
drawdown predicted on both sides of the lake over each time period in combination with conservation 
values represent a significant level of possible impact. However, other than increased invasion of 
exotics, it is likely that the condition of wetland vegetation may improve. In contrast, water quality is 
likely to decline significantly. 

Lake Jandabup 

I . Historic water level change and associated changes in ecological condition. 
The hydrograph for the staff gauge at Lake Jandabup indicates that minimum surface water levels 
increased 0.03 m from 1995 to 2003. This rise is due to artificial maintenance implemented to address 
acidification . The decline in pH had previously lead to local extinctions of highly sensitive 
macroinvertebrate taxa. Prior to augmentation sedge species had encroached into the wetland basin. 
Despite higher surface water levels the condition of fringing vegetation has continued to decline. 

2. Current hydrology, ecological condition and conservation values. 
Lake Jandabup is a permanent, shallow wetland that supports macroinvertebrates, waterbirds and other 
vertebrates. The majority of declines in ecological condition have been arrested through artificial 
maintenance and the wetand retains very high conservation values however, there remains some 
concern for fringing vegetation. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Jandabup indicates the north-eastern· corner of the lake may 
experience drawdown of 2.0-3.0 m by 2005 and to >3.0 m by 2013. The remaind_er of the lake may 
experience drawdown of 1.0-2.0 m by 2005 to 2.0-3.0 m by 2008 and >3.0 m by 2013. The magnitude 
and rate of drawdown far exceed that required to maintain a low risk of impact. 

The magnitude and rate of drawdown predicted on both sides of the lake over each time period 
combined with historic changes and conservation values represent a significant level of possible 
impact. Unless artificial maintenance is continued and retains adequate surface water level the 
predicted declines are likely to result in further encroachment of sedges across the basin, and continued 
decline in the condition of fringing. Recruitment of exotics across the basin is also possible . Water 
quality issues are also likely to resurface under a drier regime. 

Lake Mariginiup 

1. Historic water level change and associated changes in ecological condition. 
The hydrograph for the monitoring bore at Lake Mariginiup shows that minimum groundwater levels 
declined 0.38 m from 1995 to 2003. This coincided with declines in the condition of fringing E. rudis 
and encroachment of T. orientalis into the basin Sediments have also dried and water quality impacted 
through increasing acidification. 

2. Current hydrology, ecological condition and conservation values. 
Lake Mariginiup has dried completely in most summers since 1997 with maximum depths and periods 
of inundation generally declining over time. Fires and other disturbances have also resulted in the loss 
of much of the fringing vegetation and exacerbated sediment drying. Although there has been decline 
in the ecological condition of the wetland it retains moderate conservation values. 
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3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Mariginiup indicates the north-eastern comer of the lake 
may experience drawdown of 0.75-1.0 m by 2005, increasing to 2.0-3.0 m by 2008 and >3.0 m by 
2013. The rest of the wetland is predicted to experience drawdown of 1.0-2.0 m is by 2005 increasing 
to 2.0-3.0 m by 2008 and >3.0 m by 2013 . The magnitude and rate of drawdown far exceed that 
required to maintain a low risk of impact. 

The magnitude and rate of drawdown predicted for the lake over each time period combined with 
historic changes and conservation values represent a significant level of possible impact. This may lead 
to the encroachment of T orientalis and B. articulata across the entire wetland basin and contraction of 
E. rudis and M. rhaphiophylla. The surface water component of the wetland is likely to dry completely 
unless perching occurs resulting in the loss of habitat. 

Lexia 86 

1. Historic water level change and associated changes in ecological condition. 
The hydrographs for the monitoring bore at Lexia 86 indicates that groundwater levels declined 0.18 
from 1995 to 2003 . This has coincided with decline in health, patch deaths and encroachment of 
fringing vegetation into the basin and the contraction of B. articulata. Sediments have also dried and 
vertebrate species become less prevalent. 

2. Current hydrology, ecological condition and conservation values. 
Lexia 86 dries in summer with maximum depths and periods of inundation generally declining over 
time. Although there has been decline in the ecological condition of the wetland it retains very high 
conservation values. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for Lexia 86 indicates the wetland may experience an increase in 
groundwater levels of0-0.25 m by 2005 .and 2008, with levels then decreasing 0.25-0.5 m by 2013 . The 
magnitude and rate of drawdown may exceed that required to maintain a low risk of impact. 

The predicted water level increases over the first two time periods, are negated by the decrease 
predicted by 2013. However, the combination of historic changes and conservation values still 
represent a significant level of possible impact. B. articulata may continue to contract with A. 
fascicularis and other fringing vegetation establishing in the basin. 

Lexia 94 

I. Historic water level change and associated changes in ecological condition. 
The hydrograph for the monitoring bore at Lexia 94 indicates that minimum groundwater levels 
declined 0.19 m from 1995 to 2003. This has coincided with some decline in the condition of fringing 
vegetation and the drying and thinning of wetland shrubs and emergent macrophytes across the wetland 
basin. 

2. Current hydrology, ecological condition and conservation values. 
Lexia 94 is a seasonally waterlogged wetland and it has been suggested that it is perched. Although 
there has been decline in the ecological condition of the wetland it retains high conservation values. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for Lexia 94 indicates the wetland may experience an increase in 
groundwater levels of0-0.25 m by 2005 and 2008, with levels then decreasing 0.25-0 .5 m by 2013. The 
magnitude and rate of drawdown may exceed that required to maintain a low risk of impact. 

The predicted water level increases over the first two time periods, are negated by the decrease 
predicted by 2013. However, the combination of historic changes and conservation values still 
represent a significant level of possible impact. Drying and thinning of vegetation may continue across 
the basin with further decline in fringing tree and shrub species. 

Lexia 186 

Centre for Ecosystem Management, ECU, Joondalup 
173 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

I. Historic water level change and associated changes in ecological condition. 
The hydrograph for the monitoring bore at Lexia 186 indicates that minimum groundwater levels 
declined 0.28 m from 1995 to 2003. This has coincided with some decline in the condition of fringing 
vegetation and the encroachment of fringing tree species into the basin as B. articulata dries and thins . 

2. Current hydrology, ecological condition and conservation values. 
Lexia 186 is a seasonally waterlogged basin with a small man-made sump that contains water in winter. 
Although there has been decline in the ecological condition of the wetland it retains very high 
conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Lexia 186 indicates the wetland may experience an increase in 
groundwater levels of0-0.25 m by 2005 and 2008, with levels then decreasing 0.25-0.5 m by 2013. The 
magnitude and rate of drawdown may exceed that required to maintain a low risk of impact. 

The predicted water level increases over the first two time periods, are negated by the decrease 
predicted by 2013. However, the combination of historic changes and conservation values still 
represent a significant level of possible impact. There may be further decline in vegetation condition. 

EPP Wetland 173 

I. Historic water level change and associated changes in ecological condition. 
The hydrograph for the monitoring bore at EPP 173 indicates that minimum groundwater levels 
declined 0.06 m from 1995 to 2003. This has coincided with some decline in the condition of fringing 
vegetation, reduced water quality and drying of organic sediments. 

2. Current hydrology, ecological condition and conservation values. 
EPP 173 is spring fed yet dries at the staff gauge in most summers. Although there has been decline in 
the ecological condition of the wetland it retains very high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for EPP indicates the wetland may experience drawdown of 0.25-0.5 
m by 2005 and 2008 and to 0.5-0.75 m by 2013. The magnitude and rate of drawdown far exceed that 
required to maintain a low risk of impact. 

The magnitude and rate of drawdown predicted at the wetland over each time period combined with 
historic changes and conservation values represent a significant level of possible impact. Reduction in 
flows from the springs due to groundwater drawdown will also likely influence the hydrologic regime 
of EPPI 73 . If the springs stopped flowing, then the depth and duration of inundation in winter and the 
soil moisture profile in summer all could be affected. It is likely that lower surface water levels will 
impact on the breeding capabilities of the Black-striped Minnow and other vertebrate species. 
Emergent vegetation may also contract into the basin with further decline in the condition of fringing 
species. 

Dampland 78 

I. Historic water level change and associated changes in ecological condition . 
The hydrograph for the monitoring bore at Oampland 78 indicates that minimum groundwater levels 
declined 0.37 m from 1995 to 2003 . This has coincided with drying of the wetland basin and loss of B. 
articulata along with water stress in fringing M.preissiana and declines in density of wetland shrubs. 

2. Current hydrology, ecological condition and conservation values. 
Oampland 78 is a seasonally waterlogged wetland that is becoming drier over time. Although there has 
been decline in the ecological condition of the wetland it retains high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Oampland 78 indicates the wetland may experience drawdown of 
>3.0 m by 2005 continuing to 2008 and 2013 . The magnitude and rate of drawdown far exceeds that 
required to maintain a low risk of impact. 
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Drawdown predicted over each time period combined with historic changes and conservation values 
represent a significant level of possible impact. However, in light of previous changes in ecological 
condition, the impact is likely to be more severe, with loss of some mature M. preissiana and increased 
thinning in the understorey. 

Lake Gwelup* 

I. Historic water level change and associated changes in ecological condition. 
Groundwater contours indicate that water levels declined 1.25-1.5 m at Lake Gwelup between 1995 
and 2003. This has coincided with encroachment of T. orientafis into the wetland basin and a decline in 
the condition of fringing E. rudis and M. rhaphiophyffa. 

2. Current hydrology, ecological condition and conservation values. 
Lake Gwelup is a seasonally inundated wetland that is becoming drier over time. Although it is 
impacted by fires, weed invasion and other urban disturbance and there has been decline in the 
ecological condition of the wetland it retains high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Gwelup indicates the wetland may experience drawdown 
1.0-2.0 by 2005 and 2.0-3 .0m 2008 and 2013. The magnitude and rate of drawdown far exceed that 
required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a severe level of possible impact. The surface water component of the wetland is likely to dry 
completely unless perching occurs resulting in the loss of habitat. There is also likely to be further 
encroachment of vegetation across the basin and declines in the condition of fringing tree species. 

Big Carine Swamp* 

I. Historic water level change and associated changes in ecological condition. 
Groundwater contours indicate that water levels declined 1.0 m at Big Carine Swamp between 1995 
and 2003. This has coincided with drying of the wetland basin and encroachment of herbs and grasses. 
Water stress in fringing M. rhaphiophylfa is prevalent with up to 50% of trees dead or very stressed on 
the western shore and 25% in the south. 

2. Current hydrology, ecological condition and conservation values. 
Big Carine Swamp is a seasonally waterlogged wetland that is becoming drier over time. Although 
there has been decline in the ecological condition of the wetland it retains high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Big Carine Swamp indicates the wetland may experience 
draw down of 0. 75-1 .0 m by 2005 and 2008 to 1.0-2.0 m by 2013. The magnitude and rate of draw down 
far exceed that required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a severe level of possible impact. As much of the vegetation at Big Carine Swamp is already 
severely impacted, further declines are likely to result in the loss of many M. rhaphiophyffa and 
domination of the basin by exotics. 

Lake Muckenburra* 

1. Historic water level change and associated changes in ecological condition . 
Groundwater contours indicate that water levels increased 0.75 m at Lake Muckenburra between 1995 
and 2003. As the condition of this wetland has not been assessed, it is not possible to comment on 
changes in ecological condition. 

2. Current hydrology, ecological condition and conservation values. 
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Lake Muckenburra is a seasonally waterlogged wetland that is becoming wetter over time. Although it 
is not known if there has been a decline in the ecological condition of the wetland it retains very high 
conservation values as it supports a TEC. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Muckenburra indicates the wetland may experience 
drawdown of0.5-0.75 m by 2005, 0.75-1.0 m by 2008 and 1.0-2.0 m by 2013. The magnitude and rate 
of drawdown far exceed that required to maintain a low risk of impact. 

The magnitude and rate of drawdown predicted over each time period combined with historic changes 
and conservation values represent a significant to severe level of possible impact. If ponding of surface 
water is not adequate to meet the requirements of vegetation and fauna, there is likely to be a decline in 
the condition of fringing vegetation and loss of habitat. 

Bambun Lake* 

1. Historic water level change and associated changes in ecological condition. 
Groundwater contours indicate that water levels increased 0.75 m at Bambun Lake between 1995 and 
2003. There appears to have been little change on the condition of the wetland over this time. 

2. Current hydrology, ecological condition and conservation values. 
Bambun Lake is a permanent wetland. Although much of the surrounding area has been cleared for 
agriculture and exotics dominant the wetland understorey, intact vegetation appears healthy and the 
wetland it retains high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Bambun Lake indicates the wetland may experience drawdown of 
0.5-0.75 m by 2005, 0.25-0.5 by 2008 and 0.5-0.75 by 2013 . The magnitude and rate of drawdown 
exceed that required to maintain a low risk of impact. 

The magnitude and rate of drawdown predicted over each time period combined with historic changes 
and conservation values represent a moderate to significant level of possible impact. There may be 
some decline in the condition of fringing M. rhaphiophylla and E. rudis and contraction of B. articulata 
into the basin. 

Yea! Swamp, Lake Bindiar and Wetlands of Yea! Nature Reserve* 

1. Historic water level change and associated changes in ecological condition. 
Groundwater contours indicate that water levels decreased 1.75-2.0 m between 1995 and 2003 across 
the Yeal wetlands. Despite this decline, much of the wetland vegetation appears to be in good condition 
with the exception of E. rudis, which is showing signs of water stress and some myrtaceous wetland 
shrubs which have dried and thinned across the area. 

2. Current hydrology, ecological condition and conservation values. 
It is probable that Yeal Swamp, Lake Bindiar and some associated wetlands once held surface water for 
at least some part of the year. These wetlands now appear to be seasonally waterlogged damplands. 
Although there has been decline in the ecological condition of the Yeal wetland they retain high 
conservation values as an interconnected suite of relatively undisturbed wetlands. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for the Yeal wetlands indicates the wetlands may experience 
drawdown of0.75-1.0 min the west (including Yeal Swamp and Lake Bindiar) and 1.0-2.0 min the 
east by 2005, increasing to 2.0-3.0 across the area by 2008 and >3.0 m by 2013. The magnitude and 
rate of drawdown exceed that required to maintain a low risk of impact. 

The magnitude and rate of drawdown predicted over each time period combined with historic changes 
and conservation values represent a significant level of possible impact. It is likely that there will be 
fmther declines in the condition and spot deaths of E. rudis along with encroachment of more xeric 
species into the wetlands as wetland shrubs continue to thin. 
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Edgecombe Seepage 

l . Historic water level change and associated changes in ecological condition. 
The hydrograph for the monitoring bore at Edgecombe Seepage indicates that minimum groundwater 
levels declined 0.83 m from 1995 to 2003. This has coincided with a decline in faunal diversity. 

2. Current hydrology, ecological condition and conservation values. 
Edgecombe Seepage is a permanent mound spring. Due to average rainfall in 2003 water levels 
increased following declines in previous years. The spring was cleared and heavily disturbed however, 
by 2002 flows were returning and by 2003 the area was recovering. Although there has been decline in 
the ecological condition of the wetland it retains very high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Edgecombe Seepage indicates groundwater levels may rise 0.25-
0.5 m by 2005, increasing to 0.75-1.0 m by 2008 and 1:0-2.0 m 2013. Although water levels are 
predicted to rise the wetland remains at significant risk of impact due to historic changes and 
conservation values. However, it is likely that vegetation will continue to re-establish and increased 
surface water levels by 2008 and 2013 may restore faunal diversity. 

Egerton Spring 

1. Historic water level change and associated changes in ecological condition. 
The hydrograph for the monitoring bore at Egetion Spring indicates that minimum groundwater levels 
declined 0.2 m from 1995 to 2003. There has been no recorded change in the ecological condition of 
the site over this time period. 

2. Current hydrology, ecological condition and conservation values. 
Edgecombe Seepage is a permanent mound spring. Due to average rainfall in 2003 water levels 
increased following declines in previous years. The spring discharges good quality fresh water that 
supports diverse macroinvertebrate fauna and pristine fringing vegetation . The wetland it retains very 
high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3 .0 modelled drawdown for Egerton Spring indicates groundwater levels may rise 0-0 .25 m by 
2005, increasing to 0.25-0.5 m by 2008 and to 0.5-0.75 m 2013. Although water levels are predicted to 
rise the wetland remains at moderate risk of impact due to historic changes and conservation values . 
However, it is unlikely that there will be a negative impact on the vegetation of the spring. 

Kings Spring* 

1. Historic water level change and associated changes in ecological condition . 
Groundwater contours indicate that water levels decreased 0.5 m between I 995 and 2003 near King 
Spring. This has coincided with drying and shrinkage of wetlands sediments, declines in condition of 
M. rhaphiophylla and invasion of the area by exotics . 

2. Current hydrology, ecological condition and conservation values. 
It is likely that King Spring once held surface water for the majority of the year, if not permanently. 
However, the system now appears to dry in summer and is unlikely to flood to previous depths in 
winter. The conservation values of this mound spring may therefore have been largely lost, but further 
research is required . 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for King Spring indicates the wetland may experience drawdown of 
0.25-0.5 m by 2005, increasing to 0.5-0.75 m 2008 and 1.0-2.0 m by 2013 . The magnitude and rate of 
drawdown exceed that required to maintain a low risk of impact. 

Drawdown predicted over _each time period combined with historic changes and conservation values 
represent a significant level of possible impact. The surface water component of the wetland is likely to 
dry completely unless perching occurs resulting in the loss of habitat. Due to the already stressed nature 
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of the vegetation it is likely that there will be deaths of mature M. rhaphiophylla and further 
encroachment of exotics. 

Jandakot Mound 

Thomsons Lake 

I. Historic water level change and associated changes in ecological condition. 
The hydrographs for the staff gauge and monitoring bore at Thomsons Lake indicates that minimum 
surface water and groundwater levels declined 0.94 and 1.16 m respectively from 1992 to 2003. This 
has coincided with some decline in the condition of fringing vegetation and encroachment of T 
orientalis. 

2. Current hydrology, ecological condition and conservation values. 
Thomsons Lake is a RAMSAR wetland and supports other vertebrate and invertebrate species. Altered 
hydrology and invasion of exotic plant species have impacted on the ecological condition of the 
wetland along with water level decline however, the wetland retains very high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Thomsons Lake indicates the northern side of the lake may 
experience drawdown of 0.25-0.5 m by 2005, increasing to 0.5-0.75 m by 2008 and to 0.75-1.0 m by 
2013. On the southern side drawdown of 0.5-0.75 m is predicted by 2005 , increasing to 1.0-2.0 m by 
2008 and 2013 . The magnitude and rate of drawdown exceed that required to maintain a low risk of 
impact. 

Orawdown predicted on both sides of the lake over each time period combined with historic changes 
and conservation values represent a severe level of possible impact. The surface water component of 
the wetland is likely to dry completely unless perching occurs resulting in the loss of habitat. T 
orientalis, B. articulata and exotic species are likely to encroach onto the basin wetland, with further 
decline in the condition of fringing M. rhaphiophylla and E. rudis and recruitment of both species 
across the basin. 

North Lake 

I. Historic water level change and associated changes in ecological condition. 
The hydrographs for the staff gauge and monitoring bore at North Lake indicates that minimum surface 
water and groundwater levels declined 1.57 and 0.74 m respectively from 1992 to 2003. This has 
coincided with some decline in the condition of fringing vegetation and the encroachment of native 
species into areas that were previously inundated. 

2. Current hydrology, ecological condition and conservation values. 
North Lake appears to retain small pools of surface water throughout most summers. It provides some 
drought refuge for waterbirds during summer and supports other vertebrate and invertebrate species. 
The invasion of exotic plant species have impacted on the ecological condition of the wetland along 
with water level decline however, the wetland retains very high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for North Lake indicates the south-eastern side of the lake may 
experience drawdown of 0.75-1.0 m by 2005, decreasing to 0.5-0.75 m by 2008 and 2013. The 
remainder of the wetland may undergo drawdown of 0.75-1.0 m by 2005, 2008 and 2013. The 
magnitude and rate of drawdown far exceed that required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a severe level of possible impact. The surface water component of the wetland is likely to dry 
completely unless perching occurs resulting in the loss of habitat. There may also be further decline in 
the condition of fringing vegetation, invasion of exotics and encroachment of vegetation across the 
basin. 
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Banganup Swamp 

I. Historic water level change and associated changes in ecological condition. 
The hydrographs for the monitoring bore at Banganup Swamp indicates that minimum groundwater 
levels declined 1.234 m from 1997 to 2003 with the wetland drying for longer periods each year over 
time. This has coincided with encroachment of T. orientalis into the basin and decline in water quality 

2. Current hydrology, ecological condition and conservation values. 
Banganup Swamp is now dry for up to 9 months of the year. Although water level decline has impacted 
on the ecological condition of the wetland, the wetland retains very high conservation values. 

3. Predicted drawdown and possible ODE/community/species response. 
PRAMS 3.0 modelled drawdown for Banganup Swamp indicates the wetland may experience 
drawdown of0.75-1.0 m by 2005, increasing to 1.0-2.0 m by 2008 and 2013, with declines of2.0-3.0 
m possible in the south. The magnitude and rate of drawdown far exceed that required to maintain a 
low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a severe level of possible impact. This may result in the loss of surface water form the 
system, further contraction of vegetation across the basin and decline in the condition of fringing M. 
rhaphiophylla. 

Bibra Lake 

I. Historic water level change and associated changes in ecological condition. 
The hydrographs for the staff gauge and monitoring bore at Bibra Lake indicates that minimum surface 
water levels declined 1.002 m from 1992 to 2003 . This has coincided with increase in exotics and 
contributed to insect attack on E. rudis. Previously, prolonged periods of inundation on the west side 
of the lake caused severe deterioration in tree health. 

2. Current hydrology, ecological condition and conservation values. 
Bibra Lake retains surface water throughout most summers. It provides some drought refuge for 
waterbirds during summer and supports other vertebrate and invertebrate species . Insect attack, tree 
health decline and invasion of exotic plant species have impacted on the ecological condition of the 
wetland along with water level decline however, the wetland retains very high conservation values. 

3. Predicted drawdown and possible ODE/community/species response. 
PRAMS 3.0 modelled drawdown for Bibra Lake indicates the half of the lake may experience 
drawdown of0 .75-1.0 m by 2005, decreasing to 0.25-0.5 m by 2008 and back to 0.75-1.0 m by 2013. 
In other areas drawdown of0.5-0.75 mis predicted by 2005, 2008 and 2013. The magnitude and rate of 
drawdown far exceed that required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a severe level of possible impact. The surface water component of the wetland is likely to dry 
completely unless perching occurs resulting in the loss of habitat. There may also be further decline in 
the condition of fringing vegetation, invasion of exotics and encroachment of vegetation across the 
basin. 

Yangebup Lake 

I. Historic water level change and associated changes in ecological condition. 
The hydrographs for th~ staff gauge and monitoring bore at Yangebup Lake indicates that minimum 
surface water and groundwater levels declined 1.335 and 1.52 m respectively from 1992 to 2003. 
Vegetation is not monitored at this wetland however, water quality has been impacted, with high 
nutrients recorded during summer. 

2. Current hydrology, ecological condition and conservation values. 
Yangebup Lake retains surface water throughout the year. It provides drought refuge for waterbirds 
during summer and supports other ve1iebrate and invertebrate species . Despite impacts on the 
ecological condition of the wetland it retains high conservation values. 
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3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Yangebup Lake indicates the wetland may experience drawdown 
of 0.75-1.0 m by 2005, 0.25-0.5 m by 2008 and 0.5-0.75 m by 2013 . The magnitude and rate of 
drawdown far exceed that required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a severe level of possible impact. This may lead to further decline in water quality and 
possible drying in summer months. 

Lake Kogolup 

I. Historic water level change and associated changes in ecological condition. 
The hydrographs for the staff gauge at Lake Kogolup South indicates that minimum surface water 
levels declined 1.35 and 0.4 m from 1992 to 2003 . This has coincided with some decline in the 
condition of fringing vegetation and water quality . 

2. Current hydrology, ecological condition and conservation values. 
Lake Kogolup South retains some surface water throughout most summers. It provides some drought 
refuge for waterbirds during summer and supports other vertebrate and invertebrate species . Despite 
impacts on the ecological condition of the wetland it retains high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Lake Kogolup indicates that North Kogolup may experience 
drawdown of 0.5-0.75 m by 2005, 0.25-0._5 m by 2008 and 0.5-0.75 m by 2013. At South Kogolup 
drawdown of0.5-0.75 mis predicted by 2005, 2008 and 2013 . The magnitude and rate ofdrawdown 
far exceed that required to maintain a low risk of impact. 

Drawdown predicted at Lake Kogolup over each time period combined with historic changes and 
conservation values represent a severe level of possible impact. This may result in contraction of 
wetland species and further declines in fringing tree health. 

Shirley Balla Swamp 

I. Historic water level change and associated changes in ecological condition. 
The hydrographs for the staff gauge and monitoring bore at Shirley Balla Swamp indicate that 
minimum surface water levels have declined since 1993 with groundwater levels declining 0.56 m from 
1992 to 2003 . This has coincided with some decline in the condition of fringing vegetation along with a 
reduction in macroinvertebrate species richness and decreasing wa~er quality . 

2. Current hydrology, ecological condition and conservation values. 
Shirley Balla Swamp has dried for progressively longer periods since 1993 and is now dry for up to 8 
months of the year. Fire, physical disturbance and invasion of exotic plant species have impacted on the 
ecological condition of the wetland along with water level decline however, the wetland retains very 
high conservation values . 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Shirley Balla Swamp indicates the wetland may experience 
drawdown of 0.25-0.5 m by 2005 and 0.75-L0 m by 2008 and 2013. The magnitude and rate of 
drawdown exceed that required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a severe level of possible impact. The surface water component of the wetland is likely to dry 
completely unless perching occurs resulting in the loss of habitat. There may also be further decline in 
the condition of fringing vegetation and water quality . 

Twin Bartram Swamp 

I. Historic water level change and associated changes in ecological condition. 
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The hydrograph for the monitoring bore at Twin Bartram Swamp indicates that minimum groundwater 
levels decreased 1996 to 1997, before increasing by 0.22 to 2003. Surface water levels have also 
increased over that time. There has been little or no change in ecological condition associated with 
water level change. 

2. Current hydrology, ecological condition and conservation values. 
Twin Bartram Swamp has retained surface water for progressively longer periods over the past 5 years, 
possibly due to increased runoff from nearby urban development. Fire and the invasion of exotic plant 
species have impacted on the ecological condition of the wetland however, the wetland retains high 
conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Twin Bartram Swamp indicates the wetland may experience 
drawdown of 0.25-0.5 m by 2005 and 0.5-0.75 m by 2008 and 2013. The magnitude and rate of 
drawdown exceed that required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a moderate to significant level of possible impact. This may result in the decline in condition 
of M. rhaphiophylla across the wetland basin and further invasion by exotics. 

Beenyup Rd Swamp 

I. Historic water level change and associated changes in ecological condition . 
The hydrographs for the staff gauge and monitoring bore at Beenyup Rd Swamp indicates that 
minimum groundwater levels declined 0.54 from 1992 to 2003, with surface water levels also declining 
over that time period. This has coincided with some decline in the density of B. articulata, increased 
invasion of exotics across the basin and some decline in the condition of fringing trees. 

2. Current hydrology , ecological condition and conservation values. 
Beenyup Rd Swamp has dried for progressively longer periods since 1993, with no surface water 
recorded at the staff gauge at all in 2003. Water level decline has impacted on the ecological condition 
of the wetland however, it retains high conservation values. 

3. . Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Beenyup Rd Swamp indicates the wetland may experience 
drawdown of0.25-0.5 m by 2005, 0.75-1.0 m by 2008 and 1.0-2.0 m by 2013. The magnitude and rate 
of drawdown exceed that required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a significant to severe level of possible impact. The surface water component of the wetland 
is likely to remain dry unless perching occurs resulting in the loss of habitat. There is also likely to be 
total loss of B. articulata and further decline in the condition of fringing vegetation. 

Forrestdale Lake 

I. Historic water level change and associated changes in ecological condition. 
The hydrographs for the staff gauge and monitoring bore at Forrestdale Lake indicates that surface 
water levels have declined .since 1992, with groundwater levels falling 0.49 rn since 1996. This has 
coincided with some decline in the condition of fringing vegetation and encroachment of exotics across 
the wetland basin . 

2. Current hydrology, ecological condition and conservation values. 
Forrestdale Lake now dries completely in most summers remaining dry for longer periods each year. 
This has reduced the value of the wetland as an important waterbird and wader habitat. Despite this and 
the impact of water level decline on vegetation, the wetland retains very high conservation values. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Forrestdale Lake indicates the western side of the lake may 
experience drawdown of0.5-0.75 m by 2005, 0.25-0.5 m by 2008 and 0.5-0.75 by 2013. On the eastern 
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side drawdown of 0.5-0.75 m is predicted by 2005 , levels increase 0-0.25 m by 2008, increasing again 
by 2013. The magnitude and rate of drawdown exceed that required to maintain a low risk of impact. 

Orawdown predicted on both sides of the lake during the first time period combined with historic 
changes and conservation values represent a severe level of possible impact. The surface water 
component of the wetland is likely to dry completely unless perching occurs resulting in the loss of 
habitat. There is also likely to be further encroachment of vegetation across the basin and declines in 
the condition of fringing M. rhaphiophyl/a and E. rudis. 

Mather Reserve Swamp* 

I. Historic water level change and associated changes in ecological condition. 
The staff gauge at Mather Reserve indicates minimum surface water levels have declined 0.81 m since 
1992, while groundwater levels at the bore have decreased 0.39 m since monitoring commenced in 
1997. As the condition of this wetland had not been assessed at the time of writing it is not possible to 
comment on changes in ecological condition. 

2. Current hydrology, ecological condition and conservation values. 
The Mather Reserve wetland is seasonally inundated however, surface water levels and periods of 
inundation have declined. Ecological condition is unknown. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Mather Reserve indicates the wetland may experience drawdown 
of0.25-0.5 m by 2005 , 0.5-0.75 m by 2008 and. 0.75-1.0 m 2013 . The magnitude and rate ofdrawdown 
far exceed that required to maintain a low risk of impact. 

Orawdown predicted over each time period combined with historic changes and conservation values 
represent a significant to severe level of possible impact. Although the current ecological condition of 
Mather Reserve Swamp is unknown, it is likely that vegetation condition will decline and the surface 
water component of the wetland is likely to dry completely. 

Spectacles Swamp North * 
I. Historic water level change and associated changes in ecological condition. 
Groundwater contours indicate water levels at the Spectacles Swamp increased 1.5 m from 1992 to 
2003 . As the condition of this wetland had not been assessed at the time of writing it is not possible to 
comment on changes in ecological condition. 

2. Current hydrology, ecological condition and conservation values. 
Spectacles Swamp North is a seasonally inundated wetland that may support waterbirds . Ecological 
condition is unknown. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Spectacles Swamp indicates the western side of the lake may 
experience drawdown of0.5-0.75 m by 2005, 0.75-1.0 m by 2008 and 0.5-0.7~ by 2013. On the eastern 
side drawdown of 0.25-0.5 m is predicted by 2005 and 0-0.25 by 2008 and 2013 . The magnitude and 
rate of drawdown far exceed that required to maintain a low risk of impact. 

Orawdown predicted on both sides of the lake over each time period combined with historic changes 
and conservation values represent a severe level of possible impact. Although the current ecological 
condition of Spectacles Swamp North is unknown, it is likely that vegetation condition will decline and 
the surface water component of the wetland is likely to dry completely. 

Harrisdale Swamp* 

I. Historic water level change and associated changes in ecological condition . 
Groundwater contours indicate Harrisdale Swamp has experienced an increase in water levels of > 3 .0 
m however, the bore suggests levels have declined 0.37 m since 2000. As the condition of this wetland 
is unknown it is not possible to comment on changes in ecological condition. 
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2. Current hydrology, ecological condition and conservation values. 
It is likely that Harrisdale Swamp is a seasonally inundated wetland. Ecological condition is unknown. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for Harrisdale Swamp indicates the wetland may experience 
drawdown of 0.25-0.5 m by 2005, 0-0.25 m by 2008 and 0-0.25 m by 2013: Although the magnitude 
and rate of drawdown represents a low risk of impact, when considered with historic changes and 
conservation values the wetland is at significant level of possible impact. Although the current 
ecological condition of Harrisdale Swamp is unknown, it is likely that vegetation condition will 
decline. 

Terrestrial Vegetation 

Gnangara Mound 

PM24 

1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at PM24 declined 0.02 m from 1995-2003. There appears to have been 
no associated change in ecological condition, with a large number of E. rudis and M. preissiana 
saplings currently establishing. 

2. Current'hydrology, ecological condition and conservation values. 
PM24 is located in the basin of Lake Pin jar in an area of 0-3 m depth to groundwater. Despite clearing 
of much of the wetland basin for agriculture vegetation in the vicinity of PM24 is relatively intact and 
supports one of the remaining examples of the Pinjar Vegetation Complex in the area. PM24 therefore 
retains its high conservation values. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for PM24 indicates the wetland may experience an increase in 
groundwater levels of 0.25-0.5 m by 2005 and 2008, with levels then decreasing 0.25-0.5 m by 2013. 
The magnitude and rate of drawdown exceed that required to maintain a low risk of impact. 

Drawdown predicted at PM24 over each time period combined with historic changes and conservation 
values represent a significant level of possible impact. This may result in the contraction of sedge 
species and terrestrialisation of the wetland basin. However, the saplings establishing in the area should 
persist. 

MT3S 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at MT3S declined 0.38 m from 1995-2003. There appears to have been 
no associated change in ecological condition. 

2. Current hydrology, ecological condition and conservation values. 
MT3S is located in a small area of remnant Banksia woodland at 6-10 m depth to groundwater. The site 
retains its high conservation value. 

3. Predicted.drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for MT3S predicts groundwater drawdown of 0.75-1.0 m by 2005 
increasing to 2.0-3.0m by 2008 and >3.0 m by 2013. The magnitude and rate of drawdown exceed that 
required to maintain a low risk of impact. 

Drawdown predicted over each time period combined with historic changes and conservation values 
represent a moderate level of possible impact. This may result in the loss of some individual Banksia 
and encroachment of more drought tolerant species. 

MM18 
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I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at MMI 8 declined 0.40 m from 1995 to 2003 . This coincided with some 
decline in condition of individual Banksia. 

2. Current hydrology, ecological condition and conservation values . 
MM I 8 is located in Banksia woodland at 3-6 m to groundwater. Although it is adjacent to a major 
road, the woodland of Whiteman Park is of high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for MM 18 indicates groundwater levels may increase 0.5-0. 75 m by 
2005 and 2008, and 0.25-0.5 m by 201 3. Although an increase in groundwater levels should not impact 
on vegetation the area remains at moderate risk due to historic changes, high conservation values and 
current depth to groundwater. 

MM53 

I . Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at MM53 increased 0.08 m from I 995 to 2003. Although this appeared to 
have little impact there was some decline in vegetation condition during summer 2003/04. 

2. Current hydrology, ecological cond ition and conservation values. 
MM53 is located in Banksia woodland at 3-6 m depth to groundwater within Whiteman Park. The 
woodland remains intact and retains its high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3 .0 modelled drawdown for MM53 indicates the wetland may experience an increase in 
groundwater levels of 0-0.25 m by 2005, to 0.5-0.75 by 2008, and 0.25-0.5 m by 2013 . Due to 
increases in groundwater levels, historic changes, high conservation values and current depth to 
groundwater the risk of impact to vegetation at MM53 is not significant. 

MM59B 

I . Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at MM598 decreased 0.2 m from 1995 to 2003. A number of dead and 
stressed Banksias were noted in the area in 2003. 

2. Current hydrology, ecological condition and conservation values. 
MM598 is located in Banksia woodland at 3-6 m depth to groundwater within Whiteman Park. Despite 
some decline in condition the woodland remains intact and retains its high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for MM598 predicts groundwater level declines of 0.25-0.5 m by 
2005, 2008 and 2013 . Although the magnitude and rate of drawdown should maintain a low risk of 
impact, in combination with historic changes, conservation values and current depth to groundwater 
they represent a moderate to significant level of possible impact. This may result in changes in the 
distribution of some species and encroachment of more drought tolerant species. 

MM55B 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at MM558 increased 0.18 m from 1995-2003 . There has been no change 
in ecological condition at this site. 

2. Current hydrology, ecological condition and conservation values. 
MM558 is located in Melaleuca woodland at 0-3 m depth to groundwater within Whiteman Park. As 
much of the surrounding area has been cleared for grazing the conservation value of the site is 
moderate. 

3. Predicted drawdown and possible GOE/community/species response. 
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PRAMS 3.0 modelled drawdown for MM55B predicts groundwater level declines of 0.5-0.75 m by 
2005, decreasing to 0-0.25 m by 2008 and 0.25-0.5 m by 2013. Although there has been a historic 
groundwater level increase, the combination of conservation values, current depth to groundwater and 
predicted changes places MM55B at moderate risk of impact. This may result in changing distribution 
of M. preissiana and wetland shrubs in the vicinity. 

MM16 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at MM16 increased 0.025 m from 1995 to 2003. There appears to have 
been no associated change in ecological condition at this site. 

2. Current hydrology, ecological condition and conservation values . 
MM 16 is located in Banksia woodland at 3-6 m depth to groundwater within a Bush Forever site that 
supports a TEC. The woodland remains intact and retains its high conservation value . 

3. Predicted drawdown and possible ODE/community/species response. 
PRAMS 3.0 modelled drawdown for MM16 predicts groundwater level declines of 1.0-2.0 m by 2005, 
increasing 2.0-3.0 m by 2008 and >3 .0 m by 2013. Although there has been a historic groundwater 
level increase, the combination of conservation values, current depth to groundwater and predicted 
changes places MM 16 at significant risk of impact. This may result in changes in the distribution of 
some species and encroachment of more drought tolerant species. 

PM9 

1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at PM9 decreased 1.2 m from 1995 to 2003. This coincided with 
significant declines in understorey density and deaths of individual Banksias in the area. 

2. Current hydrology, ecological condition and conservation values. 
PM9 occurs in a Bush Forever site in Banksia woodland at 6-10 m depth to groundwater. Due to the 
significant decline in vegetation condition, conservation values can only be regarded as moderate. 

3. Predicted drawdown and possible ODE/community/species response. 
PRAMS 3.0 modelled drawdown for PM9 predicts groundwater level declines of0.75-1.0 m by 2005 
and 2008 increasing to 2.0-3 .0 m by 2013. Although historic and predicted drawdowns are significant, 
the greater depth to groundwater and lower conservation value places PM9 at a moderate risk of 
impact. This could result in further loss of phreatophytic Banksia and encroachment of more drought 
tolerant species in both the overstorey and understorey . 

WMl 

1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at WM! decreased 0.67 m from 1995 to 2003. This coincided with 
thinning in the understorey and some Banksia deaths. 

2. Current hydrology, ecological condition and conservation values. 
WM I is located within a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. 
Although there has been some decline in vegetation condition the site retains its high conservation 
value. 

3. Predicted drawdown and possible ODE/community/species response. 
PRAMS 3.0 modelled drawdown for WM! predicts a groundwater level increase of 0.25-0.5 m by 
2005, and 0-0.25 by 2008, before decreasing 0.25-0.5 m by 2013 . Although the drawdown predicted to 
2013 is negated by the increases to 2005 and 2008, historic changes in combination with current depth 
to groundwater and conservation values represent a moderate level of possible impact. This may result 
in further decline in Banksia woodland condition. 
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WM2 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at WM2 decreased 0.38 m from 1995 to 2003. This coincided with 
decreased vegetation density. 

2. Current hydrology, ecological condition and conservation values. 
WM2 is located within a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. 
Although there has been some decline in vegetation density the site retains its high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for WM2 predicts a groundwater level decline of0.25-0.5 m by 2005, 
increasing to 1.0-2.0 m by 2008, and 2.0-3 .0 m by 2013. The magnitude and rate of drawdown over 
each time period combined with historic changes, current depth to groundwater and conservation 
values represent a significant level of possible impact. This is likely to result in deaths of mature 
Banksia sp., thinning of the understorey and encroachment of more xeric species. 

WMS 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at WM8 decreased 0.25 m from 1995 to 2003. This coincided with 
decreased vegetation density. 

2. Current hydrology, ecological condition and conservation values. 
WM8 is located within a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. 
Although there has been some decline in vegetation density the site retains its high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for WM8 predicts a groundwater level decline of >3.0 m by 2005, 
continuing to 2008 and 2013. The magnitude and rate of drawdown over each time period combined 
with historic changes, current depth to groundwater and conservation values represent a significant 
level of possible impact. This is likely to result in deaths of mature Banksia sp., thinning of the 
understorey and encroachment of more xeric species. 

NR6C 

I . Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at NR6C decreased 0.47 m from 1995 to 2003. This coincided with 
decreased vegetation density . 

2. Current hydrology, ecological condition and conservation values. 
NR6C is located within a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. 
Although there has been some decline in vegetation density and the site is in close proximity to a pine 
plantation it retains its high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for NR6C predicts a groundwater level decline of 2.0-3 .0 m by 2005, 
increasing to >3.0 m by 2008 and 2013 . The magnitude and rate of drawdown over each time period 
combined with historic changes, current depth to groundwater and conservation values represent a 
significant level of possible impact. This is likely to result in deaths of mature Banksia sp., thinning of 
the understorey and encroachment of more xeric species. 

NRllC 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at NR I IC decreased 0.26 m from I 995 to 2003. This coincided with 
decreased vegetation density . 

2. Current hydrology, ecological condition and conservation values. 
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NR11C is located within a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. 
Although there has been some decline in vegetation density the site retains its high conservation value. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3 .0 modelled drawdown for NR 11 C predicts a groundwater level decline of 1.0-2.0 m by 
2005, increasing to 2.0-3.0 m by 2008 and >3.0 m by 2013. The magnitude and rate ofdrawdown over 
each time period combined with historic changes, current depth to groundwater and conservation 
values represent a significant level of possible impact. This is likely to result in deaths of mature 
Banksia sp., thinning of the understorey and encroachment of more xeric species. 

L30C 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at L30C decreased 0.09 m from 1995 to 2003. This coincided with 
decreased vegetation density. 

2. Current hydrology, ecological condition and conservation values. 
L30C is located within a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. 
Although there has been some decline in vegetation density the site retains its very high conservation 
value. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for L30C predicts a groundwater level decline of0.75-1.0 m by 2005, 
0-0.25 m by 2008 and 0.75-1.0 m by 2013. The magnitude and rate ofdrawdown over each time period 
combined with historic changes, current depth to groundwater and conservation values represent a 
moderate to significant level of possible impact. This is likely to result in further declines in vegetation 
density due to spot deaths and vegetation condition decline. 

LllOC 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at LI 10C _decreased 0.25 m from 1995 to 2003. This coincided with 
decreased vegetation density due to spot deaths in mature Banksia attenuata. 

2. Current hydrology, ecological condition and conservation values . 
L 11 0C is located within a Bush Forever site in Banksia woodland at 6-10 m depth to groundwater. 
Although there has been some decline in vegetation density the site retains its high conservation value. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for LI I 0C predicts a groundwater level increase of 0-0.25 m by 
2005, levels will then decline 0-0.25 m by 2008 and 1.0-2.0 m by 2013. The magnitude and rate of 
drawdown over each time period combined with historic changes, current depth to groundwater and 
conservation values do not represent a significant level of possible impact. However, there may be 
some decline in vegetation condition. 

L220C 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at L220C decreased 0.08 m from 1995 to 2003. There appears to have 
been no associated change in ecological condition at this site. 

2. Current hydrology, ecological condition and conservation values. 
L220C is located within a Bush Forever site in Banksia woodland at 6-10 m depth to groundwater. The 
site retains its very high conservation value. · 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for L200C predicts a groundwater level decrease of 0-0.25 m by 
2005, 0.5-0.75 m by 2008 and 0.75-1.0 m by 2013 . The magnitude and rate of drawdown over each 
time period combined with historic changes, current depth to groundwater and conservation values 
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represent a moderate to significant level of possible impact. This may result in some decline in 
vegetation condition. 

MM12 

1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at MMl2 decreased 0.90 m from 1995 to 2003. There is some evidence 
declines in condition and density of Banksia woodland at this site. 

2. Current hydrology, ecological condition and conservation values. 
MM 12 is located within a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. The 
site retains its very high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for MMl2 predicts a groundwater level decrease of0.75-1.0 m by 
2005 and 1.0-2.0 m by 2008 and 2013. The magnitude and rate of drawdown over each time period 
combined with historic changes, current depth to groundwater and conservation values represent a 
significant level of possible impact. This may result in spot deaths of mature Banksia and declines in 
vegetation density. 

Ridges* 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at Ridges decreased from 1995 to 2003, with declines ranging from 0.25 
m to 2.0 m across the area. This coincided with declines in condition and deaths of B. ilicifolia and E. 
rudis at this site. 

2. Current hydrology, ecological condition and conservation values. 
Ridges is located within a Bush Forever site and supports a Threatened Ecological Community 
(SCP14). Although there are a number of E. rudis in the basin the majority of the site is Banksia 
woodland at 3-6 m depth to groundwater. The site retains its very high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Ridges predicts a groundwater level decrease of 1.0-2.0 m by 
2005, 2.0-3.0 m by 2008 and >3.0 m by 2013. The magnitude and rate of drawdown over each time 
period combined with historic changes, current depth to groundwater and conservation values represent 
a severe level of possible impact. This is likely to lead to deaths of B. ilicifolia and E. rudis and 
phreatophytic Banksias and encroachment of more xeric species. 

Rosella Rd Bushland (north)* 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels in the northern region of Rosella Rd Bushland have declined 
significantly, with drawdown of >2.0 m in areas of 3-6 m and 6-10 m depth to groundwater. It is not 
known what impact these declines have had on the vegetation. However, there is likely to have been 
greater impact in areas of lower depth to groundwater. 

2. Current hydrology, ecological condition and conservation values. 
Rosella Rd. Bushland is a Bush Forever Site. Although there may have been drawdown impact the site 
retains its high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Rosella Rd Bushland predicts a groundwater level decrease of 
0.5-0.75 m and 0.75-1.0 m by 2005, 1.0-2.0 m by 2008 and >3.0 m by 2013 . Vegetation in the 3-6 m 
depth to groundwater category is at significant risk of impact level with that in the 6-10 m category at 
moderate risk of impact. This may result in declines in vegetation condition. 

Muchea Air Weapons Range* 
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I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels in the Muchea Air Weapons Range have declined up to 2.0 min areas of 
6-10 m depth to groundwater. It is not known what impact these declines have had on the vegetation. 

2. Current hydrology, ecological condition and conservation values . 
Muchea Air Weapons Range is a Bush Forever Site. Although there may have been drawdown impact 
the site retains its high conservation value. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for Muchea Air Weapons Range predicts a groundwater level 
decrease of0.75-1.0 m by 2005, to 1.0-2.0 m by 2008 and >3.0 m by 2013 . The magnitude and rate of 
drawdown over each time period combined with historic changes, current depth to groundwater and 
conservation values represent a moderate level of possible impact. This may result in declines in 
vegetation condition. 

Jandakot 

JE17C 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JE17C increased 0.03 m from 1993, when records commenced, to 
2003. There is some evidence of declines in condition and density of E. rudis at this site. 

2. Current hydrology, ecological condition and conservation values. 
JEJ 7C is located within a Bush Forever site in E. rudis/M. preissiana woodland at 0-3 m depth to 
groundwater. Despite some decline in vegetation condition and invasion of the understorey by exotics, 
the site retains its very high conservation value. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for Ridges predicts a groundwater level decrease of 0.5-0.75 m by 
2005, to 0.25-0.5 m by 2008 and 0.5-0 .75 m by 2013 . The magnitude and rate ofdrawdown over each 
time period combined with historic changes, current depth to groundwater and conservation values 
represent a moderate level of possible impact. It is possible that there will be declines in the condition 
of M. preissiana and further declines in E. rudis. 

JEIOC 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JEl0C increased 0.88 m from 1992 to 2003. There has been a recent 
decline in the condition of Banksia woodland at this site. 

2. Current hydrology, ecological condition and conservation values. 
JEI0C is located on a road verge adjacent to private property in Banksia woodland at 3-6 m depth to 
groundwater. Due to near-by clearing and some reduction in the condition of the vegetation this site is 
of moderate conservation value. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for JEJ0C predicts a groundwater level decrease of 0.25-0.5 m by 
2005 and 0.75-1.0 m by 2008 and 2013. The magnitude and rate ofdrawdown over each time period 
combined with historic changes, current depth to groundwater and conservation values do not represent 
a significant level of possible impact. There may however, be some further decline in the condition of 
mature Banksias. 

JM31 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JM31 decreased 0 .79 m from 1992 to 2003. There has been some 
decline in the condition of Banksia woodland at this site. 
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2. Current hydrology, ecological condition and conservation values. 
JM3 l is located on a road verge adjacent to private property in Banksia woodland at 3-6 m depth to 
groundwater. Due to near-by clearing and some reduction in the condition of the vegetation this site is 
of moderate conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for JM3 I predicts a groundwater level decrease of 0.25-0.5 m by 
2005, 0.5-0.75 m by 2008 and 0.75-1.0 m by 2013 . The magnitude and rate of drawdown over each 
time period combined with historic changes, current depth to groundwater and conservation values 
represent a moderate level of possible impact. It is likely that there will be further decline in the 
condition of mature Ba11ksias. 

JM19 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JM19 decreased 1.26 m from 1992 to 2003 . There has been some 
decline in the condition of Banksia woodland at this site. 

2. Current hydrology, ecological condition and conservation values. 
JE I 7C is located on the boundary of a Bush Forever site in Banksia woodland at 6-10 m depth to 
groundwater. Groundwater levels are influenced by abstraction from a nearby sand mine and much of 
the area has been cleared. The site is however, of high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for JMl 9 predicts a groundwater level decrease of 0.25-0.5 m by 
2005, 0-0.25 m by 2008 and 0.25-0.5 m by 2013. The magnitude and rate of drawdown over each time 
period combined with historic changes, current depth to groundwater and conservation values represent 
a moderate level of possible impact. It is possible that there will be further decline in the condition of 
mature Banksias. 

JM35 

1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JM35 increased 1.39 m from 1992 to 2003. There has been some 
recent decline in the condition of Banksia woodland at this site. 

2 . Current hydrology, ecological condition and conservation values . 
JM35 is located on the boundary of a Bush Forever site in Banksia woodland at 3-6 m depth to 
groundwater. Despite some decline in vegetation condition and impacts of the adjacent road, the site 
retains its very high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for JM35 predicts a groundwater level decrease of 0.25-0.5 m by 
2005, 0-0.25 m by 2008 and 0.25-0.5 m by 2013. The magnitude and rate of drawdown over each time 
period combined with historic changes, current depth to groundwater and conservation values represent 
a moderate level of possible impact. It is possible that there will be further decline in the condition of 
mature Banksias. 

JE4C 

1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JE4C decreased 0.82 m from 1992 to 2003. This coincided with a 
general decline in the condition of nearby Banksia woodland and M. preissia11a. 

2. Current hydrology, ecological condition and conservation values. 
JE4C is located in a Bush Forever site in Melaleuca woodland at 3-6 m depth to groundwater. Despite 
some decline in vegetation condition, the site retains its very high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
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PRAMS 3.0 modelled drawdown for JE4C predicts a groundwater level decrease of 0.5-0.75 m by 
2005, to 0.75--J .0 m by 2008 and 1.0-2.0 m by 2013. The magnitude and rate of drawdown over each 
time period combined with historic changes, current depth to groundwater and conservation values 
represent a significant level of possible impact. It is likely that there will be further decline in the 
condition of mature Banksia and M. preissiana and some encroachment of more xeric species. 

JM7 

I. Historic water level change and associated changes in ecological condition .. 
Minimum groundwater levels at JM7 decreased I .25 m from 1992 to 2003. This coincided with a 
significant decline in the condition of M. preissiana and E. rudis and nearby Banksia woodland . 

2. Current hydrology, ecological condition and conservation values. 
JM7 is located in a Bush Forever site in M. preissiana/ E. rudis woodland at 3-6 m depth to 
groundwater. Due to the decline in vegetation condition, the site has dropped from very high to high 
conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for JM7 predicts a groundwater level decrease of0.75-1.0 m by 2005, 
and 0.5-0 .75 m by 2008 and 2013 . The magnitude and rate of drawdown over each time period 
combined with historic changes, current depth to groundwater and conservation values represent a 
moderate to significant level of possible impact. It is likely that there will be further decline in the 
condition of M. preissiana and E. rudis and nearby Banksia woodland and some encroachment of more 
xeric species. 

JM8 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JM8 decreased 1.32 m from 1992 to 2003. Recent signs of water stress 
have been noted in Banksia woodland in the vicinity . 

2. Current hydrology, ecological condition and conservation values. 
JM8 is located in a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. The site 
retains its very high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3 .0 modelled drawdown for JM8 predicts a groundwater level decrease of 0.75-1.0 m by 2005, 
0-0.25 m by 2008 and 0.25-0.5 m by 2013 . The magnitude and rate ofdrawdown over each time period 
combined with historic changes, current depth to groundwater and conservation values represent a 
moderate to significant level of possible impact. It is likely that there will be further decline in the 
condition of mature Banksias. 

JM45 

1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JM45 decreased 1.32 m from 1992 to 2003 . Recent signs of water 
stress have been noted in mature E. rudis and M. preissiana and Banksia woodland in the vicinity . 

2. Current hydrology, ecological condition and conservation values. 
JM45 is located in a Bush Forever site in mixed E. rudis/ M. preissiana/ Banksia woodland at 3-6 m 
depth to groundwater. The site retains its very high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for JM45 predicts a groundwater level decrease of 0.25-0.5 m by 
2005, 0.25-0.5 m by 2008 and 0.5-0.75 m by 2013 . The magnitude and rate of drawdown over each 
time period combined with historic changes, current depth to groundwater and conservation values 
represent a moderate to significant level of possible impact. It is likely that there will be further decline 
in the condition of M. preissiana and E. rudis and nearby Banksia woodland. 
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8284 

1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at 8284 decreased 1.26 m from 1992 to 2003 . Recent signs of water 
stress have been noted in mature E. rudis and M. preissiana in the vicinity. 

2. Current hydrology, ecological condition and conservation values. 
8284 is located on a road verge adjacent to private property in mixed M. preissiana/ E. rudisl Banksia 
woodland at 3-6 m depth to groundwater. Due to near-by clearing and some reduction in the condition 
of the vegetation this site is of moderate conservation value . 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for 8284 predicts a groundwater level decrease of 0.5-0.75 m by 
2005, 0-0 .25 m by 2008 and 0.25-0.5 m by 2013. The magnitude and rate ofdrawdown over each time 
period combined with historic changes, current depth to groundwater and conservation values represent 
a moderate to significant level of possible impact. It is likely that there will be further decline in the 
condition of M. preissiana and E. rudis and encroachment of more xeric species. 

JM49 

I. Historic water level change and associated changes in ecological condition . 
Minimum groundwater levels at JM49 ~ecreased 0.39 m from 1992 to 2003. There appears to have 
been some change in the condition of vegetation in the vicinity. 

2. Current hydrology, ecological condition and conservation values. 
JM49 is located on a road verge adjacent to private property in mixed M. preissiana/ B. littoralis 
woodland at 3-6 m depth to groundwater. Due to near-by clearing arid some reduction in the condition 
of the vegetation this site is of moderate conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for JM49 predicts a groundwater level decrease of 0.75-1.0 m by 
2005 and 1.0-2.0 m 2008 and 2013. The magnitude and rate of drawdown over each time period 
combined with historic changes, current depth to groundwater and conservation values represent a 
moderate to significant level of possible impact. It is likely that there will be further decline in the 
condition of M. preissiana and possible spot deaths in B. littoralis and encroachment of more xeric 
species. 

JM39 

1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JM39 decreased 1.32 m from 1992 to 2003. There appears to have 
been little change in the condition of vegetation in the vicinity. 

2. Current hydrology, ecological condition and conservation values. 
JM39 is located on a road verge adjacent to private property in Melaleuca/ Banksia woodland at 3-6 m 
depth to groundwater. Due to near-by clearing this site is of moderate conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for JM39 predicts a groundwater level decrease of 0.75-1.0 m by 
2005, 2008 and 2013. The magnitude and rate of drawdown over each time period combined with 
historic changes, current depth to groundwater and conservation values represent a moderate to 
significant level of possible impact. It is likely that there will be declines in condition of mature 
Melaleuca and Ba11ksias and encroachment of more xeric species. 

JM16 
1. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JM16 decreased 0.71 m from 1992 to 2003. There appears to have 
been little change in the condition of vegetation in the vicinity. 
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2. Current hydrology, ecological condition and conservation values. 
JM16 is located in a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. The site 
retains its very high conservation value . 

3. Predicted drawdown and possible GDE/community/species response . 
PRAMS 3.0 modelled drawdown for JM16 predicts a groundwater level decrease of 0-0.25 m by 2005 
before rising 0-0.25 m by 2008 and 2013 . The magnitude and rate of drawdown over each time period 
combined with historic changes, current depth to groundwater and conservation values represent a 
moderate to significant level of possible impact. It is likely that there will be some decline in the 
condition of mature Banksias. 

JM14 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JM14 decreased 0.73 m from 1992 to 2003. There has been some 
recent declines and deaths of mature Banksias in the vicinity. 

2. Current hydrology, ecological condition and conservation values. 
JM16 is located in a Bush Forever site in Banksia woodland at 3-6 m depth to groundwater. Despite 
some decline in condition, the site retains its very high conservation value. 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for JM14 predicts a groundwater level decrease of 0.5-0.75 m by 
2005 and to 0-0.25 m by 2008 and 2013. The magnitude and rate of drawdown over each time period 
combined with historic changes, _current depth to groundwater and conservation values represent a 
moderate to significant level of possible impact . It is possible that there will be some decline in the 
condition of mature Banksias. 

Anstey/Keane Bushland* 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at JM23 decreased 0.73 m from 1992 to 2003 . It is not known if there 
have been associated changes in vegetation condition in the area. 

2. Current hydrology, ecological condition and conservation values. 
Anstey/Keane Bushland is a Bush Forever Site in M. preissiana and Banksia sp woodland at 0-3 m 
depth to groundwater. The site is of high conservation value: 

3. Predicted drawdown and possible GDE/community/species response. 
PRAMS 3.0 modelled drawdown for JM23 predicts a groundwater level decrease of 0.25-0.5 m by 
2005 and to 0-0 .25 m by 2008 and 2013 . The magnitude and rate of drawdown over each time period 
combined with historic changes, current depth to groundwater and conservation values represent a 
significant to severe level of possible impact. There is likely to be some decline in the condition of 
phreatophytic vegetation across the area. 
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Base Flow Systems 

Bennett Brook* 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at MM49B in the vicinity of Bennett Brook increased 0.12 m from 1995 
to 2003 . It is not known if the surface water levels of the Brook have changed during this time. The 
current condition of vegetation at Bennett Brook is unknown. 

2. Current hydrology, ecological condition and conservation values. 
Some areas of Bennett Brook, including Mussel Pool appear to be permanently inundated. Despite 
clearing of much native vegetation in the area for recreation, the wetland supports fauna and maintains 
a high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Bennett Brook predicts a groundwater level increase of 0.25-0.5 
m by 2005, 0.75-1.0 m by 2008 and 0.5-0.75 m by 2013 . The magnitude and rate of drawdown over 
each time period combined with historic changes, current depth to groundwater and conservation 
values represent a moderate level of possible impact. However, it is likely that increased water levels 
will negate any previous impacts on vegetation condition. 

Quin Brook* 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at 0822 and GB 16 in the vicinity of Quin Brook decreased 0.49 m and 
0.73 m respectively from 1995 to 2003 . There does not appear to have been associated changes in 
vegetation condition in the area. 

2. Current hydrology, ecological condition and conservation values. 
Quin Brook comprises of a series of interconnected wetlands in an area of 0-3 m and 3-6 m depth to 
groundwater dominated. The wetlands are of high conservation value due to the pristine nature of the 
vegetation (M. rhaphiophy/la, E. rudis and M. preissiana) despite recent fire and some weed invasion. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Quin Brook predicts a groundwater level decrease in the south 
(lake area) of 0.25-0.5 m by 2005, 0.5-0.75 m by 2008 and 1.0-2.0 m by 2013. The remaining three 
wetlands may experience drawdown of 0.5-0.75 by 2005, 0.75-1.0 m by 2008 and 2.0-3 .0 m by 201. 
The magnitude and rate of drawdown over each time period combined with historic changes, current 
depth to groundwater and conservation values represent a significant level of possible impact in the 
south a sever risk in the north. There is likely to be decline in the condition of M. rhaphiophylla, E. 
rudis, M. preissiana and other groundwater dependent vegetation. 
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Cave and Aquifer Ecosystems 

Crystal Cave {YNl) 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at YN3 in the vicinity of Crystal Cave decreased 0.64 m from 1995 to 
2003 . 

2. Current hydrology, ecological condition and conservation values. 
The permanent stream that once occurred in Crystal Cave is now dry. Cave Fauna now persist only in 
artificial pools however, the cave maintains a very high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Crystal Cave predicts a groundwater level decrease of 1.0-2.0 m 
by 2005 and 2008 and 2.0-3.0 m by 2013. Cave fauna will be unable to survive unaided in Crystal 
Cave. 

Water Cave (YNll) 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at YN7 in the vicinity of Water Cave decreased 0.47 m from 1995 to 
2003 . 

2. Current hydrology, ecological condition and conservation values. 
The flow of the permanent stream that occurs in Water Cave has decreased . However, root mat 
communities persist and the cave maintains a very high conservation value . 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS J.O modelled drawdown for Water Cave predicts a groundwater level decrease of0.75-1.0 m 
by 2005 and 1.0-2.0 m by 2008 and 2013 . This is likely to lead to drying of the stream and loss of root 
mats and associated fauna . 

Carpark Cave (YN18) 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at YN7 in the vicinity of Carpark Cave decreased 0.4 7 m from 1995 to 
2003. 

2. Current hydrology, ecological condition and conservation values. 
The permanent stream that occurs in Carpark Cave now dries for most of the year. However, root mat 
communities may persist and the cave maintains a very high conservation value . . 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Carpark Cave predicts a groundwater level decrease of0.75-1.0 m 
by 2005 and 1.0-2.0 m by 2008 and 2013. This is likely to lead to total drying of the stream and loss of 
root mats and associated fauna. 

Gilgie Cave (YN27) 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at YN8 in the vicinity of Gilgie Cave decreased 1.03 m from 1995 to 
2003. 

2. Current hydrology, ecological condition and conservation values . 
The permanent stream that occurred in Gilgie Cave has dried . Although it is unlikely that root mat 
communities persist, the cave should be regarded as being of high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
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PRAMS 3.0 modelled drawdown for Gilgie Cave predicts a groundwater level decrease of0.75-1.0 m 
by 2005 and 2008 and 1.0-2.0 m by 2013. This is likely to lead to total loss ofroot mats and associated 
fauna. 

Cabaret Cave (YN30) 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at YN3 and YN4 in the vicinity of Cabaret Cave decreased 0.39 m and 
0.64 m respectively from 1995 to 2003 . 

2. Current hydrology, ecological condition and conservation values. 
The permanent stream that occurred in Cabaret Cave has dried. Although it is unlikely that root mat 
communities persist, the cave should be regarded as being of high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Cabaret Cave predicts a groundwater level decrease of 1.0-2.0 m 
by 2005 and 2.0-3 .0 m by 2008 and 2013. This is likely to lead to total loss of root mats and associated 
fauna. 

Boomerang Cave (YN99) 

I. Historic water level change and associated changes in ecological condition . 
Minimum groundwater levels at YN3 in the vicinity of Boomerang Cave decreased 0.64 m from 1995 
to 2003. 

2. Current hydrology , ecological condition and conservation values. 
The permanent stream that occurs in Boomerang Cave now dries for most of the year. However, root 
mat communities may persist and the cave maintains a very high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Boomerang Cave predicts a groundwater level decrease of 1.0-2.0 
m by 2005 and 2008 and 2.0-3.0 m by 2013 . This is likely to lead to total loss of root mats and 
associated fauna. 

Twilight Cave (194) 

I. Historic water level change and associated changes in ecological condition. 
Minimum groundwater levels at YN8 in the vicinity of Twilight Cave decreased 1.03 m from 1995 to 
2003. 

2. Current hydrology, ecological condition and conservation values. 
The permanent stream that occurs in Twilight Cave now dries for most of the year. However, root mat 
communities may persist and the cave maintains a very high conservation value. 

3. Predicted drawdown and possible GOE/community/species response. 
PRAMS 3.0 modelled drawdown for Twilight Cave predicts a groundwater level decrease of 0.75-1.0 
m by 2005 and 2008 and 1.0-2.0 m by 2013. This is likely to lead to total loss of root mats and 
associated fauna. 

YN61* 

Location unknown 

YNSSS* 

Location unknown 

Orpheus Cave (YN256)* 

Location unknown 

Jackhammer Cave (YN438)* 

Location unknown 

Centre for Ecosystem Management, ECU, Joondalup 
196 



7 

I 
I 
L, 

L 

Study ofEWRs on the Gnangara and Jandakot mounds Under Section 46 . FINAL 

REFERENCES 

Adam, P. (1994). Saltmarsh and Mangroves. In R.H. Groves (Ed.), Australian Vegetaiion. (2nd ed., pp. 
395-435). Cambridge: Cambridge University Press. 

ARM CA NZ I ANZECC. (1996). National Principles for the Provision of Water for Ecosystems. 
(Occasional Paper SRW No. 3): Sustainable Land and Water Resource Committee. 

Arrowsmith, N. (1996). Developing Criteria for Wetland and Vegetation Management Within 
Groundwater Abstraction Areas. Paper presented at the Groundwater and Landuse Planning 
Conference, Perth. 

Arthington, A.H. (2001). Methodologies for Determining Swface Water Flow Requirements. Notes 
prepared for inclusion in a Course Guide on Ecological Water Requirements. Nathan: Centre 
for Catchment and In-Stream Research, Griffith University. 

Arthington, A. H., & Zalucki, J. M. (1998). Water for the Environment: Recent Approaches to 
Assessing and Providing Environmental Flows. Paper presented at the Australian Water and 
Wastewater Association Interest Group on Catchment and Water Resources Management 
Conference, Brisbane. 

Bacchus, S. T. (200 I a). Predicting Nearshore Environmental Impacts from Onshore Anthropogenic 
Perturbations of Groundwater in the Southeastern Coastal Plain, USA. Paper presented at the 
Interactive Hydrology: Proceedings of the 3rd Interantional Hydrology and Water Resource 
Symposium of the Institute of Engineers. 

Bacchus, S. T. (200 I b ). Uncalculated Impacts of Unsustainable Aquifer Yield Including Evidence of 
Subsurface Interbasin Flow. Journal of American Water Resources Association., 36(3), 457-
481. 

Bacon, P. E., & Stone, C. (1993). Relationships Between Water Availability and Eucalyptus 
camaldulensis Growth in a Riparian Forest. Journal of Hydrology, 150, 541-561. 

Balla, S. A. (1994). Wetlands of the Swan Coastal Plain Volume 1: Their Nature and Management. 
Perth : Water Authority of Western Australia/ Department of Environmental Protection. 

Balla, S. A., & Davis, J. A. (1993). Wetlands of the Swan Coastal Plain, Volume 5: Managing Perth's 
Wetlands to Coserve the Aquatic Fauna. Perth: Water Authority I Environmental Protection 
Authority. 

Bate, G., & Walker, B. (1993). Water Relations of the Vegetation Along the Kuiseb River, Nambia. 
Madoqua, 18, 85-91. 

Benier, J. M., & Horwitz, P. (2003). Annual Report for the Wetland Macroinvertebrate Monitoring 
Program of the Gnangara Mound Monitoring Project - Spring 2002 to Summer 2003. (No. 
2002-03). Joondalup: Report to the Water and Rivers Commission of Western Australia by the 
Centre for Ecosystem Management, Edith Cowan University. 

Bradbury, J. H., & Williams, W. D. (1996). Freshwater Amphipods Form Barrow Island, Western 
Australia. Records of the Western Australian Museum, 17, 395-409. 

Brock, M.A., & Casanova, M. T. (1997). Plant Life at the Edge of Wetlands: Ecological Responses to 
Wetting and Drying. In N. Klomp & I. Lunt (Eds.), Frontiers in Ecology (pp. 181-192). 
Oxford: Elsevier Science Ltd. 

Brownlow, M. D., Sparrow, A. D., & Ganf, G. C. (1994). Classification of Water Regimes in Systems 
of Fluctuating Water Level. Australian Journal of Marine and Freshwater Research, 45, 
1375-1385 . 

Centre for Ecosystem Management, ECU, Joondalup 
197 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Carbon, B. A. ( 1976). Groundwater Resources of the Swan Coastal Plain. Perth: CSIRO. 

Cramer, V. A., Thorburn, P. J., & Fraser, G. W. (1999). Transpiration and Groundwater Uptake from 
· Farm Forest Plots of Casuarina glauca and Eucalyptus camaldulensis in Saline Areas of 
Southeast Queensland, Australia. Agricultural Water Management, 39, 187-204. 

Da·vis, J. A., Harrington, S. A. , & Friend, J. A. ( 1991 ). Unique Aquatic Communities in the Arid Zone: 
How Dependent are They on Groundwater? Journal of Australian Geology and Geophysics, 
12(3), 273-274. 

Davis, J. A. , Harrington, S. A. , & Friend, J. A. (1993). Invertebrate Communities of Relict Streams in 
the Arid Zone: The George Gill Range, Central Australia. Australian Journal of Freshwater 
and Marine Research, 44, 483-505 . 

Davis, J. A., & Humphries, P. ( 1995). An Environmental Flow Study of the Meander, Macquarie and 
South Esk Rivers, Tasmania. Tasmania: Report for the Department of Primary Industry and 
Fisheries. 

Davis, J. A., & Rolls, S. W. ( 1987). A Baseline Monitoring Programme for the Urban Wetlands of the 
Swan Coastal Plain, Western Australia (Bulletin 265 .). Perth : Environmental Protection 
Authority. 

Dawson, T. E., & Pate, J. S. (1996). Seasonal Water Uptake and Movement in Root Systems of 
Australian Phreatophytic Plants of Dimorphic Root Morphology : A Stable Isotope 
Investigation. Oecologia, 107, 13-20. 

Department of Conservation and Environment. ( 1987). A State Conservation Strategy f or Western 
Australia; A Sense of Direction. (Bulletin 270). Perth: SCSWA Consultative Committee. 

Department of Environment (Cartographer). (2003). Gnangara Mound Water Level Difference (Three 
Map Series; 2003-2005; 2003-2008; 2003-2013) S46 Expected Arc. 

Department of Environment (Cartographer). (2004). Jandakot Mound Water Level Difference (Three 
Map Series; 2003-2005; 2003-2008; 2003-2013) S46 Expected Arc. 

Department of Environmental Protection. (1996). Th e Southern Metropolitan Coastal Waters Study 
(1991-1994) . (Final Report No. 17). Perth, Western Australia: Department of Environmental 
Protection. 

Dodd, J., & Bell, D. T. (1993). Water Relations of the Canopy Species in a Banksia Woodland, Swan 
Coastal Plain, Western Australia. Australian Jour11al of Ecology, 18, 281-293. 

Dodd, J., Heddie, E . M ., Pate, J. S., & Dixon, K. W. (1984). Rooting Patterns ofSandplain Plants and 
Their Functional Significance. In J. S. Pate & J. S. Beard (Eds.), Kwongan : Plant Life on the 
Sandplain. Perth: University of Western Australia Press. 

Duarte, C. M. (1995). Submerged Aquatic Vegetation in Relation to Different -Nutrient Regimes. 
Ophelia, 41 , 87-112. 

Durako, M. J. , & Kuss, K. M. (1994). Effects of Lab,yinthula Infection on the Photosynthetic Capacity 
of Thalassia testudinwn. B11lleti11 of Marine Science, 54(3), 727-732. 

DWAF. ( 1995). You and Your Water Rights. South Aji-ican Law Review - A Call for Public Responses. 
Pretoria: Department of Water Affairs and Forestry . 

DWAF. ( 1996). Water Law Principles - Discussion Doc11111e11t. Pretoria: Department of Water Affairs 
and Forestry. 

Centre for Ecosystem Management, ECU, Joondalup 
198 . 



7 
~ 

7 

I. 
l 

I 
I 

t j 

L 

Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

DWAF. (1997). White Paper on a National Water Policy for South Africa. Pretoria: Department of 
Water Affairs and Forestry . 

Ehrlinger, J. R. , & Dawson, T. E. (1992). Water Uptake by Plants: Perspectives from Stable Isotope 
Composition. Plant, Cell and Environment, 15, I 073-1082. 

Environmental Protection Authority. (2000). Perth's Coastal Waters. Environmental Values and 
Objectives: The Position of the EPA - a Working Document. Perth: Environmental Protection 
Authority . 

Evan, R ., & Clifton, C. (2001). Environmental water Requirements to Maintain Groundwater 
Dependent Ecosystems. Environmental.flows initiative Technical Report. (No. 2). Canberra: 
Commonwealth of Australia. 

Farrington, P., Greenwood, E. A. N., Bartle, G. A., Beresford, J. D., & Watson, G.D. (1989). 
Evaporation from Banksia Woodland on a Groundwater Mound. Journal of Hydrology, 105, 
173-186. 

Friedman, J.M., Scott, M. L., & Auble, G. T. (1997) . Water Management and Cottonwood Forest 
Dynamics Along Prairie Streams. Ecological Studies, 125, 49-71. 

Froend, R.H., Farrell, R. C. C., Wilkins, C. F., Wilson, C. C., & McComb, A. J. (1993). Wetlands of 
the Swan Coastal Plain, Volume 4: The Effect of Altered Water Regimes on Wetland Plants. 
Perth: Water Authority I Environmental Protection Authority. 

Froend, R. H., & Loom es, R . C. (200 I). Relationship Between Water Level, Salinity and the Emergent 
and Fringing Vegetation of Byenup-Muir Wetlands. Perth: A Report to the Deaprtment of 
Conservation and Land Management by Froend, Bowen and Associates. 

Froend, R.H., & Loomes, R. C. (2004). Interim EWR Approach. Joondalup: Centre for Ecosystem 
Management. 

Froend, R.H., Loomes, R. C., & Zencich, S. J. (2002). Drought Response Strategy -Assessment of 
Likely Impacts of Drawdown on Groundwater Dependent Ecosystems. Perth: A Report to the 
Water Corporation by Froend, Bowen and Associates . 

Froend, R . H., & McComb, A. J. (1994). Distribution, Productivity and Reproductive Phenology of 
Emergent Macrophytes in Relation to Water Regimes at Wetlands of South-western Australia. 
Australian Journal of Marine and Freshwater Ecology, 45, 1491-1508. 

Froend, R.H., & Zencich, S. J. (2001). Phi•eatophytic Vegetation and Groundwater Study: Phase 1. (A 
Report to the Water and Rivers Commission and the Water Corporation of Western 
Australia.). Joondalup: Centre for Ecosystem Management. 

Gillieson, D., Hamilton-Smith, E., & Watson, J. R. (1995). Draft Guidelines for Cave and Karst 
Protection. Canberra: IUCN Commission on National Parks and Protected Areas. 

Gowns, I. 0 . (1998). Methods Addressing the Flow Requirements of Aquatic Invertebrates. 
(Occassional Paper 27-98): LWRRDC. 

Grieve, B. J. (1955). The Physiology of Sclerophyll Plants. Journal of the Royal Society of Western 
Australia, 39, 31-45. 

Grieve, B. J. , & Hellmuth, E. 0. (1968). Eco-physiological Studies of Western Australian Plants. 
Proceedings of the Ecological Society of Australia, 3, 46-54. 

Grieve, B. J., & Hellmuth, E. 0. (1970). Eco-physiology of Western Australian Plants. Oecological 
Plants, 5, 33-67. 

Centre for Ecosystem Management, ECU, Joondalup 
199 



Study ofEWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Groom, P. K. , Froend, R. H., Mattiske, E. M., & Koch, B. (2000). Myrtaceous Shrub Species Respond 
to Long-term Decreasing Groundwater Levels on the Gnangara Groundwater Mound, 
Northern Swan coastal Plain. Journal of the Royal Society of Western Australia, 83, 75-82. 

Halse, S. A. (2000). Waterbirds and Invertebrates. In Recommendations for Estimation of Interim 
Ecological Water Requirements for the Ord River. Perth: Unpublished Report by the Ord 
River Scientific Panel to the Water and Rivers Commission. 

Harding, M. ( 1993). Redgrave and Lopham Fens, East Anglia, England: A Case Study of Change in 
Flora and Fauna Due to Groundwater Abstraction . Biological Conservation , 66, 35-45. 

Hatton, T. , & Evans, R. ( 1998). Dependence of Ecosystems 011 Grou11dwater a11d its Significance to 
Australia. (Occasional Paper No. 12/98.). Canberra: Land and Water Resources Research and 
Development Corporation. · 

Havel, J. J. (1975). The Effects of Water Supply for the City of Perth, Western Australia, on Other 
Forms of Land Use. Landscape Planning, 2, 75-132. 

Haywood, M. D. E., Vance, D. J. , & Loneragan, N. R. (1995). Seagrass and Algal Beds as Nursery 
Habitats for Tiger Prawns (Penaeus semisulcatus and P. esculentus) in a Tropical Australian 
Estuary. Marine Biology, 122, 213-223. 

Hemminga, M. A. , & Duarte, C. M. (2000). Seagrass Ecology. Cambridge: Cambridge University 
Press. 

Howes, B. L. , Weiskel , P. K. , Goehringer, D. D. , & Teal, J.M. (1996). Inception of Freshwater and 
Nitrogen Transport From Uplands to Coastal Waters: The Role of Salthmarshes. In K. F. 
Nordstrom & C. T. Roman (Eds.), Estuarine Shores: Evolution, Environment and Human 
Alterations. New York: John Wiley . 

Humphreys, W. F. ( I 993a). The Significance of the Subterranean Fauna in Biogeographical 
Reconstruction: Examples From Cape Range Peninsula, Western Australia. Records of the 
Western Australian Museum, 45, 165-192. 

Humphreys, W. F. (1993b). The Biogeography of Cape Range, Western Australia. Records of the 
Western Australian Museum, 45, 1-248. 

Humphreys, W. F., Poole, A., Eberhard, S. M., & Warren, D. (1999). Effects of Diving on the Physico­
chemical Profile ofBundera Sinkhole, an Anchialine Remiped Habitat at Cape Range, 
Western Australia. Records of the Western Australia11 Museum, 82, 99-108. 

Hyndes, G. A., Potter, I. C. , & Lenanton, R. C. J. (1996). Habitat Partitioning by Whiting Species 
(Sillaginidae) in Coastal Waters. Environmental Biology of Fishes., 45, 21-40. 

Jasinska, E. J ., & Knott, B. ( 1991 ). Aquatic Fauna in the Gnangara Mound Discharge Areas of the 
Elle11brook Catchment. Perth: Department of Zoology, University of Western Australia. 

Jenik, J. (1990). Forested Wetlands. In B. C. Patten (Ed.), Wetla11ds a11d Shallow Co11ti11ental Water 
Bodies (pp . 137-146.). The Hague: SPB Academic Publishing. 

Karr, J. R. ( 1991 ). Biological Integrity: A Long-neglected Aspect of Water Resource Management. 
Ecological Applicatio11s, 1, 66-84. 

Keddy, P.A., & Reznicek, A. A. (1986). Great Lakes Vegetation Dynamics: The Role of Fluctuating 
Water Levels and Buried Seed. Journal of Great Lakes Research, 12(1 ), 25-36. 

Koehn, R. L. (1988). Freshwater Fish Habitats : Key Factors and Methods to Determine Them. Paper 
presented at the Australian Society of Fish Biology Workshop, Victor Harbour, South 
Australia. 

Centre for Ecosystem Management, ECU, Joondalup 
200 



7 
~ 

1 

[ I 

i I 

L 

I . 

L 

Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Le Maitre, D. C., & Scott, D. F. (1999). A Review of the Interactions Between Vegetation and 
Groundwater. Water SA, 25, 2. 

Loom es, R. C. (2000). Identification of Wetland Plant Hydro types on the Swan Coastal Plain, Western 
Australia. Unpublished Thesis, Edith Cowan University, Joondalup. 

Loom es, R. C., & Froend, R. H. (200 I a). Review of Interim Wetland Vegetation Water Level Criteria -
East Gnangara Wetlands. Joondalup: Centre for Ecosystem Management Report to the Water 
and Rivers Commission. 

Loomes, R. C., & Froend, R.H. (2001 b). Gnangara Mound Groundwater Resources Section 46 -
Vegetation Condition Assessment. Joondalup: Centre for Ecosystem Management Report to 
the Water and Rivers Commission. 

Loomes, R. C., & Froend, R.H. (2001c). Gnangara Mound Groundwater Resources Section 46 -
Vegetation Condition Assessment (Lake Wilgarup and Pipidinny Swamp). Joondalup: Centre 
for Ecosystem Management Report to the Water and Rivers Commission. 

Matizke, E. M., & and Associates. ( 1991 ). Monitoring the Effects of Groundwater Abstraction on 
Native Vegetation 011 the Northern Swan Coastal Plain. Perth: Report to the Water Authority 
of Western Australia. 

McComb, A. J., & Lake, P. S. (1990).Australian Wetlands. North Ryde: Angus and Robertson. 

McComb, A. J., & McComb, J. A. (1967). A Preliminary Account of the Vegetation of Loch McNess, 
a Swamp and Fen Formation in Western Australia. Journal of the Royal Society o_f Western 
Australia, 50, 105-112. 

McNamara, K. (1992). Stromatolites. Perth: Western Australian Museum. 

Meizner, 0. E. (1923). Outline of Groundwater Hydrology with Definitions. (Paper 494.): U.S. 
Geological Survey Water Supply. 

Mensforth, L. J., Thorburn, P. J., Tyerman, S. D., & Walker, G. R. (1994). Sources ofWaterUsed by 
Riparian Eucalyptus camaldulensis Overlying Highly Saline Groundwater. Oecologia, 100, 
21-28. 

Moore, D.R. G., & Keddy, P.A. (1988). Effects of Water-depth Gradient on the Germination of Alke­
shore Plants. Canadian Journal of Botany, 66, 548-552. 

Mountford, J. 0., & Chapman, J.M. (1993). Water Regime Requirements of British Wetland 
Vegetation: Using the Moisture Classification of Ellenberg and Londo. Journal of 
Environmental Management, 38, 275-288. 

Muir, 8. G. (1983). Drainage, Swamp Structure and Vegetation Succession at Melaleuca Park, 
Northern Swan Coastal Plain. Western Australian Herbarium Research Notes, 9, 27-39. 

Neilsen, D. L., & Chick, A. J. (1997). Flood-mediated Changes in Aquatic Macrophyte Community 
Structure. Marine and Freshwater Research, 48, 153-157. 

Nicoski, S. J., Groom, P. K., & Froend, R.H. (1997). Gnangara Mound-Melaleuca and Banksia Root 
Excavation Study. Perth: A Report prepared for the Water and Rivers Commission by Froend, 
Bowen and Associates. 

Notenboom, J., Plenet, S., & Turquin, M. J. (1994). Groundwater Contamination and its Impact on 
Groundwater Organisms. In J. Gilbert, D. L. Danielpol & J. A. Stanford (Eds.), Groundwater 
Ecology (pp. 477-504). San Diego: Academic Press. 

Centre for Ecosystem Management, ECU, Joondalup 
201 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Plenet, S. (1999). Metal Accumulation by an Epigean and a Hypogean Freshwater Amphipod: 
Consideration for Water Quality Assessment. Water Environment Research, 71(7), 1298-
1311. · 

Plenet, S., & Gilbert, J. ( 1994). Invertebrate Community Responses to Physical and Chemical Factors 
at the River/ Aquifer Interaction Zone, Upstream From the City of Lyon. Archaeological 
Hydrobiologia, 132, 165-189. 

Plenet, S., Marmonier, P., Gilbert, J., Stanford, J. A., Bodergat, A. M., & Schmidt, C. M. (1992). 
Groundwater Hazard Evaluation: A Perspective for the use of Interstitial and Benthic 
!vertebrates as Sentinels of Aquifer Metallic Co11ta111i11ation.: American Resource Association. 

Poore, G . C. B., & Humphreys, W. F. (1992). First Record ofThermosbaenacea (Crustacea) from the 
Southern Hemisphere: A New Species from a Cave in Tropical Western Australia. 
Invertebrate Taxonomy, 6, 719-725 . 

PPK Environment & Infrastructure Pty Ltd . (200 I). Groundwater Dependent Ecosystems -
Bibliography. Rhodes NSW: Prepared by PPK for the Nature Conservation Council. 

Pusey, B. J. ( 1998). Methods Addressing the Flow Requirements of Fish. (Occasional Paper 27/98): 
LWRRDC. 

Research Group on Groundwater Management. ( 1989). The Management of Shallow Groundwater in 
the Perth Metropolitan Area. Perth: Western Australian Water Resources Council. 

Roberts, J ., Young, W. J., & Marston, F. (2000). Estimating the Water Requirements for Plants of 
Floodplain Wetlands: A Guide. (Occasional Paper No. 04/00). Canberra: Land and Water 
Resources Research and Development Corporation. 

Rock water Pty Ltd. (2003 ). Report for the Investigation of Groundwater - Wetland Water Level 
Relationships Study 011 the Gnangara and Jandakot Mounds. Perth: Prepared for the 
Department of Environment. 

Scott, M. L., Shatfroth, P. B., & Auble, G. T. (1999). Responses of Riparian Cottonwoods to Alluvial 
Water Table Declines. Environmental Biology of Fishes. 

Semeniuk, C. A. (1987). Consanguineous Wetlands and Their Distribution in the Darling System, 
South-western Australia. Journal of the Royal Society of Western Australia, 70(3), 66-75. 

Shaforth, P. B., Stromberg, J.C., & Patten, D. C. (2000). Woody Riparian Vegetation Response to 
Different alluvial Water Table Regimes. Western Northern American Naturalist., 60(1), 66-
75. 

Shields, F. 0 ., Knight, S. S., & Cooper, C . M. (1994). Effects of channel Incision on Flow Stream 
Habitats and Fishes. Environmental Management, 18, 43-57. 

Simmons, G. M. J. ( 1992). Importance of Submarine Groundwater Discharge (SGWD) and Seawater 
Cycling to Material Flux Across Sediment/Water Interfaces in Marine Environments. Marine 
Ecology Program Series, 84, 173-184. 

Sinclair Knight Merz. (2001 ). Environmental Water Requirements of Groundwater Dependent 
Ecosystems. Canberra: Environment Australia. 

Smith, R . S., & Ladd, P. G. (1994). Wet Heathlands of the Southern Swan Coastal Plain, Western 
Australia: A Phytosociological Study. Journal of the Royal Society of Western Australia, 
77(3), 66-71. 

Sommer, B. (2001 ). Detrital Carbon and Sediment Considerations. Paper presented at the 
Environmental Water Requirements Course, Perth. 

Centre for Ecosystem Management, ECU, Joondalup 
202 



r 

1 

r I 
I , 

' ' 

I 

Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Spate, A., & Thurgate, M. (1998) . Book Review: Dependence of Ecosystems on Groundwater and its 
Significance to Australia, 1998, Tom Hatton (CSIRO Land and Water) and Richard Evans 
(Sinclair Knight Merz). Occassional Paper No 12/98. Land and Water Resources Research and 
Development Corportation. Journal of the Australian Cave and Karst Management 
Association., 33, 36-42. 

Storey, A. W. (2001) . Determining Water Requirements for Aquatic Fauna . Perth : Zoology 
Department, University of Western Australia. 

Storey, A. W., Vervest, R. M., Pearson, G. 8 ., & Halse, S. A. (1993). Wetlands of the Swan Coastal 
Plain, Volume 7: Waterbirds Usage of Wetlands of the Swan Coastal Plain. Perth: Water 
Authority / Environmental Protection Authority. 

Stromberg, J.C., & Patten, D. C. (1990). Riparian Vegetation Instream Flow Requirements: A Case 
Study From a Diverted Stream in Eastern Sierra Nevada, California. Environmental 
Management, 14, 185-194. 

Stromberg, J. C., Tress, J. A., Wilkins, S. D., & Clark, S. D. (1992). Response ofVelevet Mesquite to 
Groundwater Decline. Journal of Arid Environments, 45-58. 

Stuller, J. (1994). The Fragile Mix. Sea Frontiers, 40(4), 28-32. 

Tack, J., & Polk, P . (1999). The Influence of Tropical Catchments Upon the Coastal Zone: Modelling 
the Links Between Mangrove Losses in Kenya, India/Banladesh and Florida. In D. Harper & 
T. Brown (Eds.), The Sustainable Management of Tropical Catchments (pp . 359-371.). 
Chichester: John Wiley and Sons. 

Tenant, D. L. (1976). Instream Flow Requirements for Fish, Wildlife, Recreation and Related 
Environmental Resources. Fisheries, 1, 6-10. 

ter Heerdt, G. N. J. , & Drost, H.J . (1994). Potential for the Development of Marsh Vegetation from the 
Seedbank Following Drawdown. Biological Conservation, 67(1 ), 1-11. 

Thorburn, P. J., & Walker, G. R. (1994). Variations in Stream Water Uptake by Eucalyptus 
camaldulensis With Differing Access to Stream Water. Oecologia, JOO, 293-301. 

Thorburn , P . J. , Walker, G. R., & Brunel, J.P. (1993). Extraction of Water from Eucalyptus Trees for 
Analysis of Deuterium and Oxygen-18 : Laboratory and Field Techniques. Plant, Cell and 
Environment, 16, 269-277. 

Thorburn, P. J., Walker, G . R. , & Hatton, T. (1992) . Are River Red Gums Taking Water F,'om the Soil, 
Groundwater or Streams? Paper presented at the Catchments of Green: A National 
Conference on Vegetation and Water Management, Adelaide. 

van der Valk, A.G . (1994). Effects of Prolonged Flooding on the Distribution and Biomass of 
Emergent Species Along a Freshwater Coenocline. Vegetatio, 110, 185-196. 

Walker, C. D., & Richardson, S. B. (1991). The use of Stable Isotopes of Water in Characterising the 
Source of Water in Vegetation. Chemcial Geology (Isotope Geoscience Section), 94, 145-158. 

Water and Rivers Commission. (1997). East Gnangara Environmental Water Provisions Plan, Public 
Environmental Review. Perth : Water and Rivers Commission Policy and Planning Division. 

Water and Rivers Commission (WIN). (2003). WIN - Water Information System. Perth: Water and 
Rivers Commission. 

Water Authority of Western Australia. (I 986) . Gnangara Mound Groundwater Resources, 
Environmental Review and Management Programme. Perth: Water Authority. 

Centre for Ecosystem Management, ECU, Joondalup 
203 



Study of EWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

Water Authority of Western Australia. (1992). Gnangara Mound Vegetation Stress Study: Results of 
Investigations. Pe1th: Water Authority. 

Water Authority of Western Australia. ( 1995). Review of Proposed Changes to Environmental 
Conditions, Gnangara Mound Groundwater Resources, Section 46. Perth: Water Authority. 

Welker Environmental Consultancy. (2002). Emergency Water Supply. Groundwater From Existing 
Schemes Strategic Environmental Review. New Yarragadee Development and Desalination 
Options Environmellfal Protection Statement. Como, Western Australia: Prepared for the 
Water Corporation. 

Western Australian Planning Commission. (2003). Metropolitan Development Program - Urban Land 
Release Plan 2003-2004 to 2007-2008. Perth: Western Australian Planning Commission. 

Wheeler, B. D. (1999). Water and Plants in Freshwater Wetlands. In A. J. Baird & R. L. Wilby (Eds.), 
Ecohydrology: Plants and Water in Terrestrial and Aquatic Environments. London: 
Routledge Press. 

Zencich, S. J. (2003). Variability in Water Use by Phreatophytic Banksia Woodland Vegetation of the 
Swan Coastal Plain, Westem Australia. Unpublished PhD, Edith Cowan University, 
Joondalup. 

Zencich, S. J., & Froend, R.H. (2001). Cooljarloo Phreatophytic Vegetation Study: Water 
Requirements and Response of Phreatophytic Vegetation to Groundwater Drawdown. 
Joondalup: Centre for Ecosystem Management Report to the Cooljarloo Minesite. 

Zencich, S. J., Froend, R. H. , Turner, J. T., & Gailitis, V. (2002). Influence of Groundwater Depth on 
the Seasonal Sources of Water Accessed by Banksia Tree Species on a Shallow, Sandy 
Coastal Aquifer. Oecologia, 131(8-19). 

Centre for Ecosystem Management, ECU, Joondalup 
204 



l 
1 

[ , 
r. 

I 

f: 

L 

{ 

L 

Study ofEWRs on the Gnangara and Jandakot mounds Under Section 46. FINAL 

APPENDICES 

APPENDIX 1: REVIEW OF THE REPRESENTATIVENESS OF JANDAKOT TERRESTRIAL 
VEGETATION CRITERIA BORES 

All terrestrial criteria bores on the Jandakot Mound were visited during April 2004 to assess vegetation 
condition and the appropriateness of bores as representative of vegetation in the vicinity. Descriptions 
of sites were supplemented by photographs. Three bores could not be located, JM8, JM15 and JM39. 

During the field visits it was noted that land adjacent to many of the bores had been either totally or 
partially cleared for urban development or other forms of land-use in recent years rendering a number 
of sites unrepresentative of terrestrial vegetation and reducing the value of others. Of the 25 bores 
assessed only 8-10 remain truly representative of phreatophytic terrestrial vegetation as shown in the 
table below. It is the recommendation of the authors that bores 'not representative of terrestrial 
vegetation' be deco_mmissioned as criteria bores . 

Representative of terrestrial 
vegetation 

Representativeness impacted by 
other factors (land use) 

Not representative of terrestrial 
vegetation 

JE17C 
JE4C 
JM7 
JM8 
JM45 
JE12C 
JM16 
JMI4 
8284 
JM39 

JEl7C 

JE20C 
JM24 
JEI0C 
JM31 
JM35 
JM29 
JM49 
JM33 
JEIB 
JM15 

JM23C 
1310 
JEI8C 
JM19 
JM27 
JM5 
JEI9C 
JMl8 

JE l 7C is located on Branch Cross within the Thomson Lake Nature Reserve. The vegetation 
surrounding JEI 7C is Eucalyptus rudis and Melaleuca preissiana woodland with a fairly dense 
overstorey with bracken fern and an exotic understorey containing Pelargonium capitatum and Conyza 
albida (fleabane) . The opposite side of the road is M. preissiana and insect impacted E. rudis. This area 
is representative of terrestrial vegetation however, declared rare flora is no longer recorded for this site 
on the CALM flora base. The condition of the surrounding vegetation is good. 

Looking west towards JE17C and E. rudis /M. preissiana 
woodland of Thomsons Lake Nature Reserve . 
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JE4C 

JE4C is located in the Denis De Young Reserve. The vegetation west of JE4C is Melaleuca spp. and 
dense healthy intact Casuarina woodland. Twenty meters east of the bore the vegetation is M. 
preissiana and B. menziesii with some B. ilicifolia I 00m south of the bore. This area is representative 
of terrestrial vegetation and the condition of the surrounding vegetation is good. 

Looking east from JE4C towards dense, intact mixed 
woodland of Denis de Young Reserve. 

JM7 

ul 

Looking west at JE4C. 

JM7 is located on Hope Road leading into Jandakot Airport. The vegetation surrounding JM7 is 
impacted E. rudis and M. preissiana woodland above a weedy understorey. Several of the large M. 
preissiana are resprouting and the E. rudis have been damaged by insects. This is upslope from E. rudis 
and Banksia spp. woodland. On the opposite side of the road the vegetation consists of Banksia spp. 
and E. todtiana woodland which is in reasonable condition. This area is representative of terrestrial 
vegetation however, declared rare flora is no longer recorded for this site on the CALM flora base. The 
condition of the surrounding vegetation is reasonable. 

Looking south towards JM7 and severely impacted 
mature M. preissiana . 
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Impacted E. rudis south-east of JM7. 

JM8 

JM8 is located within the grounds of the Jandakot Airport. This area is representative of terrestrial 
vegetation and declared rare flora is recorded for this site on the CALM flora base. 

JM45 

JM45 is located in remnant vegetation southwest of the Jandakot airport. The vegetation close to JM45 
is insect impacted E. rudis woodland with some M . preissiana which are showing signs of tip drying. 
Surrounding this is Banksia woodland showing signs of seasonal drying but generally in good health . 
This area is representative of terrestrial vegetation however, declared rare flora is no longer recorded 
for this site on the CALM flora base. The condition of the surrounding vegetation is good. 

Looking west from JM45. Looking north-west from JM45 towards impacted E. rudis. 

JE12C 

JEI 2C is located on Rowley Road (private property) opposite developed semi-rural land 500m west of 
intact Ba11ksia woodland. The vegetation surrounding JE12C is intact healthy Banksia and Eucalyptus 
woodland. This area is representative of terrestrial vegetation. The depth to groundwater in the vicinity 
if JE 12C is greater than 12m and therefore the vegetation is not considered highly groundwater 
dependant. The condition of the surrounding vegetation is good. 
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Looking south towards JE12C and healthy Banksia 
woodland. 

JMl6 

Looking north from JE12C towards private property. 

JM I 6 is located at the Harrisdale Swamp Bushland. The vegetation consists of intact B. attenuata and 
B. menziesii woodland (I dead B. attenuata noted) with Banksia woodland of Canning Yale Prison 
Bushland on the opposite side of the road. This area is representative of terrestrial vegetation and the 
condition of the surrounding vegetation is good. 

Looking east towards JM16 and intact Banksia woodland of 
Harrisdale Swamp Bushland. 

JM14 

Looking west from JM16 towards Banksia woodland of 
Canningvale Prison Bushland. 

JM 14 is located in the A court Road Bushland, Jandakot Regional Park. The vegetation consists of 
Banksia woodland with M. preissiana. Although an undisturbed area there is evidence of impact with 
recent deaths of B. attenuata and older deaths of B. ilicifolia, B. attenuata and B. menziesii and drying 
of B. elegans in understorey . This area is representative of terrestrial vegetation and the condition of the 
surrounding vegetation is good. 
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Looking north from JM14 towards M. preissiana and wetland Looking east towards JM14 and dead Banksia. 
vegetation . 

Looking south from · JM14 towards healthy Banksia 
overstorey above impacted Beaufortia elegans. 

8284 

8284 is located on private property on Solomon Road. The vegetation on the private property side 
contains some E. rudis and M. preissiana. Adjacent to this is the sand mine which has an area of bush 
near by that contains M. preissiana. On the opposite side of the road the vegetation is remnant Banksia 
on cleared semi-rural land. This is approximately 1 00m north from intact, healthy Banksia woodland of 
Fraser Road Reserve. This area is representative of terrestrial vegetation and the condition of the 
surrounding vegetation is good. 
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Looking west towards 8284 and private property. 

JM39 

Looking east from 8284 towards largely cleared 
private property. 

JM39 is located on Rowley Road. Although we have · not yet found the site it appears to be in the 
vicinity of intact M. preissiana and M. rhaphiophylla woodland surrounded by semi-rural lots. This 
area is representative of terrestrial vegetation and the condition of the surrounding vegetation is good. 

JE20C 

JE20C is located on Beenyup Road opposite the cut flower farm that leads through to Beenyup Swamp. 
The vegetation on the side of the road with the bore is Ba,iksia woodland with dense Melaleuca spp. 
which look healthy . This is also private property. This areas representativeness has been impacted by 
land use changes. The vegetation condition is good. 

Looking east towards JE20C and Melaleuca woodland on 
private property. 

JM24 

Looking west from JE20C towards cut flower farm on private 
property. 

JM24 is located off Hammond Road. The vegetation consists of a small area of healthy mixed Banksia 
woodland (Iha) (B. attenuata, B. menziesii & B. ilicifolia). The opposite side of the road has been 
recently cleared for urban land. There is an area of E. rudis approximately I 00m to the west. This areas 
representativeness has been impacted by land use changes. The condition of the remnant vegetation is 
good. 
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Looking north from JM24 towards remnant Banksia 
woodland. 

JEIOC 

-
Looking south from JM24 towards recenUy cleared urban 
land. 

JEI OC is located on Liddelow Road. The land is private property on both sides of the road. The 
vegetation is impacted Banksia (some young B. ilicifolia and B. menziesii dead) and Casuarina 
woodland with semi-cleared private property opposite. This areas representativeness has been impacted 
by land use changes. The vegetation condition is reasonable. 

Looking east towards JE10C and impacted Banksia 
woodland on private property. 

JM31 

Looking west from JE10C towards disturbed vegetation on 
private property. 

JM3 l is located on Taylor Road (private property). The opposite side has an open area dominated by 
exotics with some E. rudis in the overstorey. An area of Acacia shrubs occurs some I OOm to the west. 
This areas representativeness has been impacted by land use cha11ges. The vegetation condition is 
reasonable. 
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Looking east from JM31 towards private property. 

JM35 

Looking west from JM31towards partly cleared E. rudis 
woodland. 

JM35 is located on Taylor Road opposite Denis De Young Reserve (part of Jandakot Regional Park). 
The vegetation consists of impacted Banksia and Casuarina woodland opposite cleared land. This areas 
representativeness has been impacted by land use changes. The vegetation condition is reasonable. 

Looking east towards JM35 and impacted Banksia 
/Casuarina woodland. 

JM29 

Looking west from JM35 towards Denis de Young Reserve. 

JM29 is located on Beenyup Road (private property). On the opposite side there is an open area and M. 
preissiana/E. rudis woodland approximately 50m southwest of the bore. Urban development has begun 
approximately 200m northwest of the bore. This areas representativeness has been impacted by land 
use changes. The condition of remnant vegetation is reasonable. 
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Looking east towards JM29 and cleared private property. 

-\-

Looking south-west from JM29 towards remnant M. 
preissiana IE. rudis woodland. 

JM49 

Looking west from JM29 and newly cleared urban land (left 
side of photo). 

JM49 is located on Rowley Road on private property. The vegetation consists of B. littoralis and M. 
preissiana woodland with dense bracken fem and exotics in the understorey. On the opposite side there 
is private property which is highly disturbed and 1 00m west is intact Banksia woodland. This areas 
representativeness has been impacted by land use changes. The vegetation condition is reasonable. 

Looking south towards JM49 and Banksia I Mela/euca 
woodland on private property. 
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Looking ·south-west from JM49 towards intact Banksia 
woodland . 

JM33 

FINAL 

JM33 is located on Barfield Road. The vegetation consists of a large area of intact Banksia I Casuarina 
woodland. On the opposite side there is newly cleared urban land. This areas representativeness has 
been impacted by land use changes. The vegetation condition is reasonable . 

Looking east towards JM33 and healthy, intact Banksia Looking west from JM33 towards recently cleared urban 
woodland . land. 

JEIB 

JEIB is located on Solomon Road . The vegetation consists of B. attenuata and B. menziesii woodland. 
Approximately I 00m west of the sand mine, on the opposite side, the vegetation is intact Banksia 
woodland on private property. This areas representativeness has been impacted by land use changes. 
The depth to groundwater is greater than I Om and therefore the vegetation is not considered highly 
groundwater dependant. The vegetation condition is reasonable. 
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Looking west towards JE1B and Banksia woodland on 
private property. 

JM15 

JM I 5 is located ??? could not find. 

JM23C 

Looking east from JE1 B towards band of Banksia woodland 
adjacent to sand-mine. 

JM23C is located on private property on Gaebler Road. On the opposite side the land has been recently 
cleared for urban development. This area is not representative of terrestrial vegetation. 

Looking south from JM23C and cleared rural land. 

J310 

Looking north from JM23C towards recently cleared urban 
land. 

1310 is located on Princep Road in an industrial area. There is no vegetation native directly adjacent to 
the bore, the closest vegetation consists of healthy, intact E. rudis 50m to the west and the condition of 
the understorey is not known. This area is not representative of terrestrial vegetation. Declared rare 
flora is no longer recorded for this site on the CALM flora base. 
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Looking west towards J310 and a timber yard. E. rudis can Looking east from J310 towards an industrial area. 
be seen in the background. 

JEl8C 

JE I 8C is located on private property on Tapper Road . The vegetation has been largely cleared, with 
only a few E. rudis left on the road edge. On the opposite side there is a park with a small wetland 
surrounded by M. preissiana, which is approximately 500m from intact vegetation and an area of 
Typha. This area is not representative of terrestrial vegetation. 

Looking east towards JE18C and private property. Looking west from J310 towards reticulated parkland. 

JMl9 

JM 19 is located in the Fraser Road Bushland in close proximity to a sand mine. What little vegetation 
remains in the vicinity is influenced by groundwater abstraction for the mine. This area is not 
representative of terrestrial vegetation. 
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Aerial photo showing location of JM19 in area impacted by 
sand mining. 

JM27 

JM27 is located on Armadale Road. The vegetation consists of a 20m wide strip of Banksia I 
Casuarina woodland along the roadside. On the opposite side of the road is a cleared rural area. This 
area is not representative of terrestrial vegetation. 

Looking south towards JM27 and cleared rural land. 

JM5 

Looking north from JM27 across Armadale Rd and towards 
cleared rural land. 

JM5 is located in the grounds of a primary school on Eucalyptus Boulevard in an urban area. This area 
is not representative of terrestrial vegetation. 
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Looking north across school ground towards JM5. Aerial photo showing location of JMS in the 
grounds of an urban school. 

JEI9C 

JE I 9C is located on Beenyup Rd. (private property). On the opposite side of the road the land has been 
cleared for urban land development (previously Melaleuca woodland). The Jandakot Regional Park is 
located approximately I 00m south and the vegetation there is dense wetland vegetation. The area 
surrounding JE J 9C is not representative of terrestrial vegetation. Declared rare flora is no longer 
recorded for this site on the CALM flora base. 

Looking east towards JE19C and private property. 

JMl8 

Looking west from JE19C towards recently cleared urban 
· land. 

JM I 8 is located in a cleared industrial area 400m north of a managed conservation reserve. Wetland 
vegetation in reserve (M. preissiana, B. articulata, A. fascicularis) intact and healthy and there is 
evidence of a weed control program. However, the area surrounding JM 18 has all been cleared for 
industrial use. 
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Looking north towards JM 18 and recently cleared industrial 

land. 
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Looking south from JM18 and recently cleared industrial land. 
Wetland reserve can be seen in the background. 



Stud:, or E\\.lb on 1k Gn•nr •u ind bnthlol m.-..on,h t 'nJa Sc,;tiun 46. fl~AI. 

APPENDIX 2: ASSE~~MENT OF VEGETATION AND WETLAND CONDITION AT 'NEW' STUDY WETLANDS. 

rihp Number I Wctl:md Type & II> 
Number /Name 

Oul of Mall I 'i<id{,!l.'S • D;1m1llands 
Ran{,!,: 

:!OJ--1 11 SW I L:ikc Gwclup 
OR561C,--17226) 

:WH II NW ] lkcnyup Swmnp 
(,1lU,25<HR!-'7) 

203-1 II NE 

Walluhucnup 
(386')(,(,--IHl90) 

Dig Carine Swamp 
(J85{)(,(,.,H5 15) 

C11rcniupSwmnp 
(,1!, 5956-17369) 

IJ:iJ{,!crupl,ake 
()90!86--1835 1) 

f.illlc 11:iJp,:rup Lak.: 
()90J76--IK27-I) 

l.inlc Emu Sw.11n11 
(393606--17560) 

Con~ern.llon Call~Of)" & 
O,·~-r:1 IICondit lo n 
Cah:p:ory "' none 1;iwn 
Som,: ckarin1; in north S\.'\:liou (hmestonc mininf,!). Tr.1..:k lo 
\\,:I land frin{,!e k aJin{,! lo dumpinp: of ,:ar hodi,:s & ruhhish., 

Colcgory ==! 
L:ikc S\UW\lllJeJ hy p:ukl:inJ & tuh:in Jcn:lnpmcnt with wide 
huffcr uf rcmmml h1t~hlanJ tu the north. Main aren ur hike 1-......J Ill 
Jrnins & supp•-'rts he,hal!c 11r mum1l lll'CJs , suggesting stufacc · 
1111tcr b uru11JlJll1· p1csc11L Lake Jr:,: in April 200-I 
Cu1q:n1)'"' I 
WctlanJ with nn,: l:ir{,!e 0,re:1 t1f ptohably !'K:llll:lnl.-nl Ol'K:11 w:11er 
(m.iy be useful rcfu1p.'C for waler birds). Sum•w1JcJ hy ckareJ 
ll:11 kl,111J on nll sides. Conncct..:J to Wullubuenup Swamp b~­
narrow creek in south-cast com,.-r. Cr,:ck wa~ 1101,inF- s lo11 ly in 
April !00--1. 
Cutcpory"' I 
Wellard in pr,:Jomin:111\I)' cleared cu\chmcnl of mheJ urban & 
semi-rural Jcwlopmcnt. Agricuhural lond cXl\·n<l lo cJpc ofbasm 
on c:1sL side wi1h ,·irtll.'.llly no remn.int \"C~eL.1tion kll To west 11 

narrow & p.1\chy banJ (0.20m) or lillor.11 \ 'Cf!clat ion rcmai1L~ 
sun_ounJcJ b_y opcn p:uklaid. 
Calef.!OI)' ==2 
Wctlond in larp:c R-crcat ion l"\.-SC l"\'C, 11r ... -Jominantly turf & a smoll 
areas ofrcmn:int ,·egctalion in north-cast ~-om ... -r. A n.:i.nuw hand of 
\\.:llm1J tree spt:.:i,:s r1.,11ain nmunJ p,.:ri111c1 ... -r orJ:ikc wilh more 
cx1c1t~ivc sL.1nJ low.irJs the centn:. Dry in April 200--1 . 

Catcgl•I)· =-t 
llighl) ' moJHicd from inli llin{,! & urban Jcl'clnpmcnt on all sides 
Srnnc Jc,:p pcm1ancnl waler occurs ol nonl1cm end&. eastern side. 
NuJthcm c1iJ r~'\:civcs road runoff~ _L~J~cforc eulr_~_phic. 
Cote~ury =2 
Largc {> 100111) '"q!clalion huffcr tu north, \\est & souU1. Easlcm 
nrnq:in pr ... -dnminan1]y ck.:irc<l for scmi-rurul dL"l"clo11ment. M1jori1y 
of woody linoral species haw lx...:11 dearcJ from pcrimctn. 
Wel land Jr;,· in April 200-I . 

Cutcp:ory == ! 
WiJe ,·e~etalion huffcr surrnunJs wctlanJ . Semi-rural dcvclopmcnt 
cn..:rnachin~ al northern cm/ resuhing in lhc rcmornl ofn lurp.e :irc:i 
oflhe w...-tlanJ trL'C communit,· th.1l ,:011n1.-cl~ 1his I\Clland to 
Bud~crup l.:1kc. Snmc lillori , ·cg..:L.1tii,n Inst on west side Jue lo 
clearing , Wetland Jry in Apri l 200--I 

Ca1cf.!OI)' =! 
Swamp in souU1-casl com<.,- or Koondool3 llc{,!ional l'ark 1,itl1 
buffer of rcmn:mt W{!elalion Vehicle trud,s sunounJ 1w1land 

Ccn\l~ for l:,;,,.y,1c1n ~bn•~ancnl ECl l, J,-.,.,J.,lui, 

\"qzetallon Type/ Communil)" 

Terr,:~t riol: Open Woodhmd of /J. m,•1,:i('.1ii, II. ~nmrli, & R. ilicifi,lirr . UnJerstorey dominall-J hy 
A1k11rr11t/mJ ,p., J. fi1rc.-l/11111 & Hn:11,t1,·11 .1p. 
WetlanJ: Woodland In UJtcn \\otiJ)anJ of£. N1u/i.1 & .11. pr.-iJJimm. ()itcn heath of A·. ,•1"icifi1lia aunu)d 
wetland & exh .. "lllling. In terrestrial eommunitv. 
Tcncslriul: Op,.:n wooJlmiJ tif E. ,:11mpl111c,•11lwla & C. colupliylfo 1,i1h An,ciu .111li,:1w 
Wctl;md: Ojtcn forest of E. m1/iJ & :If. dwphi1Jpliy//1111ilh nnnu.al & l'K:renni.i l ~rnsscs Jo111in11ti11g 
111xlerslnrcy . ScJgcl:inJ of T_1p/1111Jrit•1ur1lfr in ha1iJ urouuJ lnkc. 

Tcrrc~tri:11 : &:MtcrcJ Cury,,,hir, c11/opltyllu with l!fllSS unJcrshirc)' on west side. 
WcllanJ : I.ow cloSt.-.J fores t of JI. rlmphiupl1yllu ,1i1h u11Jersto1,:y uf l..t•pitlu.,111..·111111 lm1gi1mli1111lt' &, 1·mi11u.~ 
11c ... -J~ ~1 rh:1piophyl1:i :ipparcnt in less 1.kn:,,: arc11s of11apc1baik forcsl 

Tcncstrial:Nonc 
Welland: WuodlanJ of F.. nufo & .\I. 1·Jwpl,io11li_rlln to llw margins. Oj>cn forest uf,\I. rlwphioph.rlfo in 
some central areas 11ith closed tu ill'K:11 scJ~eland of T. uri,·1111,li.1 in well.ind . Mix ... ...J 1'.111l111 & Jluum,·11.,p . 
ch1scJ scJgcll!IX.I to tl1e soull1. 

T1.'flc~1ri:il : £ . i;u,,,plwc"plral11 woo<llnnJ near NE com.:r. 
Wctl:ind: Woodl:ind In open fnr1.-st of£. nu/iJ & J/. rlwplliopl,yll11 hl'Cominp \ow111"11.'ll fores! of J /. 
l'lu1pltiopl,_rllu towards the centre of tl1e fake . Sl'<l~clam.l of 'f.171/111 ui"kmufi3 & /Jimm,·a Jp. twcr much of the 
Joke. Annu:i l & pcrcnninl hcrhs & passes co\'Cr the ,:xposcd Sl...Jiment in th,: 11.'l\CSI are;1s. 

Tencstrial: None 
WctlanJ : Patchy ll'O(xl]nnd or/-,', ntrht & .II. rlwphi11pl1ylln 11ilh numcruus c:,;otic lrl'CS (Sa/i.r sp.) Scd~cl:inJ 
of f.111/ia oric11111/iJ & llm1m~·" Jfl . 

"krrcslrial: Lowo1"11."ll wooJ]anJ of ll. 1mcm1t1111. IJ. mt•1dc.Jii 1/.:. II. ilicifi1/in. UnJ~'tStorcy iilo:luJcs J. 
fi11·c,·ll11w. Arkuamhm Jf'., 1/11£·,·11 pruJtrat11 & 1/ibh.-rtin Jf'. 
WetfonJ : Open woo<ll:inJ of E. 11,diJ & .II. prduiana ,1ith on uni.lentorcy or annu.11 Wl'Cds & Cm7HJhmt1u 
Jf'. Clos..-d St.-J~cland of T. oricm11/iJ on wctlanJ basin. 
Oj'K:n wooJL,nJ of£. 1111/i, •• \I. pn·iuim111 & I "imi1111rin jmtct•11 extends Uu<1Uf.!h lo Liulc llaJ~crup l.nkc al 
11 11.: s,.1uU1em l'TIJ will1 ll. dt·,:1111.1 & Calrlrl\' fra,cri in the w1Jcrslorc,·. 
Tl·ncstrial: I.ow open \\\>odlanJ of ll. 11111.·11/;;;,11, Ji. 1>1,•11:krii & II. ilicifolio. UnJnslorcy of J.furt"dlafll. 
Adc1w111hoJ Jp. & ,\/11 r:ro:111uio l'il'flll'i. 
WctlnnJ : O]K"ll mM.xllnnJ of£. nu/iJ & .I/. prd.1.1ir111a 1\ith unJcrstorcy nf111111u:i l I\L'l:ds &. Ct1rpt1luv111.'f JJJ. 
Closed s..-JgclanJ of l m·i,•11111/i.f on ba~in. 

Terrcstri11\: Lowop ... ,i ,1noJL,nJ of fl. n11•1deJii. n. am·111u11a & N.j111rih11mla 1,ith unJcrsltnc~· of X pi-dJ3ii 
& J. f11rcdlaro . 
Wetl:inJ : WooJl:ind or£. nuliJ & .II. prciJJiana. Opcn heath llf A. (nJciC11/11riJ & Ca/rtl'fr JP, owr OJll."ll 

Ve1tf1a lion Condition 

W,.-eJs f.!Cl'll."rnlly rl-stricted to nnrlhem section ,, here pine 
1r ... ...:s nrc ... -s1:1hlishinf.! . t-.fatiue E. ruJis hiF-hly stresS\..,.J on:r 
11111st of wctfanJ K l.'Ticifolia IK-:i lh appears J,olll!hl 
str ... -sscJ 
h'Tlcstrial: lt.. . ...:enl file hasscn1ch1.-J lll(>SI nflhc trees in 
close proximity 10 lhc]okc. 
We1lanJ : Wcc lanJ trc..:s strcs.,;cJ Jue to r~-ccnl li1e, r_,plm 
JJ) . appears Ill be encroaching funhcr in wetland 
suµ1-cslint n.-JuccJ swfucc 1111.lcr JL1>th & Jurution. 
Annual & percm1ial ,,c ... -Js ha\'c inl"aJ,._.,.J 1lu:F.. mrli., & .11. 
rlwphiupl,y/111 urounJ perimeter of sw:imp, ho11 'L'\'er. a 
Jen . ....: carwpy tl\"l"f much of tl1c wetl:imJ h:ts limited 11,:cJ 
im·asit•n into th1.· h:1\ill . .II. i-l111phi11plty/111 is 1?cn ... , ·all~· in 
p.ooJ '-'<>nJilion. 

Some Jie-b,1..:k or E. nu/fr is opp.1rcnt on western side 
hmn:wr. prnbably Jue lo rccen1 lire. Sul>s t:iolial wccJ 
inl'asion is occurring from fann l:JnJ to th..: cast. Typha 
slu>\\inp: ~ipns or Jrnup.ht sires.~ 

Scatll,-,._-d .lfdol,·11eo S1.'\.-Jlinp:s occurring in tl11: lake. 
Vcpetntion in lake is in excellent condition. 
Approximately 50% of the .\lclalc11co on tl1e 1wst siJc is 
Jcad or , ·cf\· stJcss...-d & 25% is s lrcs.'i\.-J al U\o: sou1.h,:m 
end. StrcsSl~ lrl.'l:S :ir,: @-1.'llerally rcstricll'<l lo the hi~ticr 
s.....-: tions of the litlorul zune. 
Vcl!e1/llion dcgrnd1.-J Unouph physical Jistwb;mcc & 
prcSl'llCC of inl'asi1·c \\'CL...J SJ"ll.'Cics No c1·id\'11Ce of Jrnll{,!hl 
slressinApril 200--1 . 

Lil\01111 ,·cg,:1.J1tio11 ckarcJ in a bnnJ upprox . 20--I0m 11ii.lc 
aiowid wetl:mJ. Annual gr-.i sscs slash ... -J SUf.!f.!esting zone is 
inlcnlional ly kq,t ckarof"cgctation. Rl..-:cnt lin: has 
scord1 ... -J , ... ,11aining liltoral tr ... '\.-s bu1 ha:. nol arr ... ~1cJ ti\.: 
upfonJ , ·,.1,!,:talion. Typl~1 scJpdand c:\lrcmcly Jroui-:h1 
StR'SSl-J. 
Littoral ,·cp.ctntion has nri:as oflocaJi5eJ clearing on m.-st 
side. Disturbctl :ircas ),cad]\' ,, ... -cJ infcstcd. Nun1cnm~ £ . 
nu/fr S\.'\.-J]in(!s &.. s.:1plinl!S OrnunJ \-<lgc ofh,:isin. Some 
11111turc E. nuli.'f ha\'C poor CJ"IJ\\ll condition alll1otq:h SOUie 
ore re(!en1.-roting ,·iµomu sl)· from cpknnnic ~rm1'lh. 
Terrestrial ,·cgctution in goo<l conJition. T_,pha commw1il) ' 
n..,-.,· Jro~ht strcss..-J. 
Vcf.!ela1ion s.how si(!nsofs\J1.'SS from J"\'CO:nl fire, 
parti<.:ul:irly in centr,: of wctl:ind. Nt• ohdolL~ siF-llS of 
dmu~ht stress. Subs1un1iol cowr of nnnwl wccds & some 
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StuJy ofE\llh on the Gnanru~ •nJ laoJal.:ot mound., Un,.kr Se.;tion "6. nNAL 

!\hp Numhcr f Welland Type & ID I Con~crntion Catqtory & 
Numbtr / Name On·rall Condi tion 

basin & fire occurs rcp.ulnrly. Welland dry in April 2004. 

203-4 I SE I Spriflf: near Uk! Maze I Cutcgory "" I 
(400776-19797) Sprinp. fr,J wcl111nd n,:ar area ofmiscd rurn l hmd u.,;cs & remnant 

,·cgclalion. App,:arcd dry in 200-1. 

SwnplallU 
()9%96-19158) 

Swnplan<l 
(395566-1970&) 

Dompl3nd 
(]955"6-19527) 

Dampland 
(39582649556) 

Dampland 
(39576649679) 

Sumpland 
(3%1 0649565) 

Damplnnd 
(3%5364956 1) 

Sumpl:md 
f]9920649456) 

Cnlcgory= I 
Most ofwetlnnd 0\"t.'J"Storcy is al 1.'t.111-e ofbllsin not across it. D. 
nUt.-n\1:11.1 set.'t.llings present on basin suggesting drying of wetland . 

Category= I 
Wctlan<l generally in cxcclknl conJition althouph th1.-rc ha.~ b1.~n 11 

fire in the north & ,...,·iJ1.'Jlcc of t.li:i!onrnct.'(lU~ earth mining on Ilic 
b;L~in. TI1crc is some cstnblishm~'Jll oftcrrcsuinl plants on the ho..~in. 
M , prcis.~inna 111c rc{!ctwratin{! well. 

Cntcgory = 2 
D:implond with gcncra1ly int.act heath. o..-erstorcr r1.-duc1.-d to few 
rcsprouting /J. ilicifvlia. No cl'it.lt.'!lCc of M. prl'i.J.Jimlll. 

Category=2 
Dense arc.is of □ nm.1a l and pcrenninl Wt.'\.-ds alorif! tracks. which p.1ss 
throiq?h the southern end of the wetland. 

C:ilt.'{!ory=2 
No Lkscri11Lion ~il'Cn. 

Category= I 
Tt.-rrcslrinl plan I spt.-cics on the edt!c of Ilic low 01>1.'II forest, indic::ilc 
th:11 the \\'C LlanJ is becoming Jricr, &·11.-rrcstri.11 plant sp,.-cics :ire 
mol"ing into tJ1c \l'C t\:ind. 

C::itcpor-y=2 
There 11rc two nrnin degrading sources to the wetl□nd, 11n 11dj11ccnt 
ro:id &. numerous mounds ofliucr, .~uch o.~, {!~'Jlernl mhhish. used 
\'chide tyres, usbcslos sheet.~ and weeds. 

Category =2 
Pnrt of the wcllaTIU is in pril'alc propcrt\', & con.-.cquenti:illv that 

Crntn: for 1;,,:ooy,lcm ~ ht1> fQ'l\<T1l l:CU. l oo nJ.Jh1p 

Vqi .. -tatlon Typc / Community 

su.!p.drmd of /J.jwiceri. 

Terrestrial: Open woodlrmd of C. Cfllophylln & E. nlflf!!im1la \\ith ll. mc1cicJii, /1. ilicifolifl & A.fnLUTin11t1 
dominalinp. Ilk! large gup.~. Undcrslorcy domin11 tr..'U by Adcm1111/w:s sp. & X. prd:uii. 
WctlnnJ: Open forcst of£. ,,11/i., & M. prd.uil111a bt.>t.-oming low c]os,.'U forest of M. µrei.u ia,ra acrus.'i 
scason,1 1ly wcl arc.,. Undcrslorcy of K. ericifolia &. L.'pidospc.•mw sp. \\i lh L.·uco1JOgo11 .sp. Some hrnd:cn & 
blackbcm· nc:ir spring. ntackbc~· cxlL'Jxls through most of the wet nrca to west of sprin, 
Tcrrt.-slrial: Wood]nnd of ll. ollcmui/11, 11. ilicifulir1, B. mt•icic.rii & N11yl.fiaf101Hwmla \\ill1 shrubland of 
Ade1U1111/w.s sp., llos.sim·a crioe(//pfl, Druypogu11 sp. En·maeafimbriaw. Gr.•1·illt•n sp., Leucupog,m .sp., 
Sclwlt:ia .fp. L{ .\: prd.uii. 
Welland: Oasin, m">Ol.lltind of /J. ilicifolia, J,t. prd.ssiw1a &. N.jlorilmnda 11ilh closed heath of n. clcgmrs & 
1~11,ocn~rmmn .sp. Pcrimcl1.-r. wooJlrmd of /J. i/icifulia, C. clllophylln. M. pn·i.uirma & N. floribwulu, with 
closed heath of ll. elc~u,u, Dmrriof.!,m Jp., Grcl'illca sp. & l~rpoca~rmnm .lp. 
Terrestrial: \VoodlullU to open forest domin:it1.-<l by /J. artt•nu(l/a, 11. ilicifalia, 11. mrm:ic.sii, .. Ulrx:u.null"i1111 & 
E. 1adtia11a, with shrublnnd dominntt.-J by Aden1111tlws JJJ., /Jvru11ia purdicmm, E.finrbriaw, llibhcrtia .lp .• 
f.t•11co{XJ1:an .sp., Macm:nnria .sp., Mdalc11cu .scubra. Pi•lrophilc sp., Sc/101/:ia .,p. & Xa11/harrlwea .sp. 
Wctlnnd: Ilasin, low clo~"\l fores I dominated by M. prl.'iJJimm, with scallt.-rt.-d open shrublaml dominatt.-d h) 
As//lrtt·" sp. & K1m:c11 sp., with closi.-d st.-di:clnnd of n. articulma in the opt.-n areas. Pcrimclcr, 0IX.'Jl he.1th 
t.lomil1.'.ltcd by Arlc11u111l10.s .sp., llea11/ania .sp., Da.sJpu,:011 .sp., f(rpocn~rmnra .sp .• K1m:ca .sp. & 
A·ricn~i-mnw Jp. 

T1.-rrcstri:il : Woodl:md of ll. n11.•11:ic.sii, ll. u11cmw1a &. B. ilicifolia o,·cr a shrub\aml to open heath of X. 
pn.'i.uii, Adcna1//lro.s sp., E.fimbriUla, R. cilia/a, Bos.siaeu en"ocarpa, Sclrolr:.ia sp .. M. 1riclwpliylla, 
Uucupogmr sp., 1/ibbertia sp., S1irli11git1 .rp. &. lloro11ia .sp. 
Wcthmd: Open woodl:md of ll. ilicifuliri o,·cr II shrubl:md lo open heath flf Adc1w11tlwJ .lp., n. el~·gm,.s, II. 
angmt[/iilium & D. hronrcli[(oliru. 
Tt.-rrcstrial: Woodl:ind domllutcd by n. a11c11ua1r1, ll. ilicifolia, ll. nre1r:icJii nnd N.flarihwula, \\ilh 
shrublanJ domil1.'.l tcd by Adenmulio.s .sp .. Alloca.sut1rii111 lmmili5, Dasypogo,r sp., Gn:1·illca cilia/a, 1/ibbcnia 
sp., le1 ,copogrm Jp., J/acm:amfr1 sp., Mclalc11ca Jcabm, Regelia cilia/a, R. i1wps &. Xm11ho1ThU(·a .sp. 
WcLlallU: B.isin, woodland to c\os...-d forest domirnlcJ hr B. ilicifalia, E. nttli.f & M. prcissiana, \\ilh tall 
OP,."fl to cltlSt.-d scrub dominal~-J by AdenanthoJ .,p., /Jea u/arti!!_!P._. 1/_rpocn[\'nmw .sp. &. J.:1111:ca sp. 
Terrestrial: Woodlnnd dominat1.xl by n. ulll•1wa1a, n. ilicifolia, B. n11.-1r:il'Jii ant.I N.florib1111,lu, ,,ith 
shrublnnd Jominatcd by A1h•111w1ha.1 .sp .. Alluca.mari11a hunrilis, Da.l)"{X)gOII sp., Grc1·illca cilia/a, 1/ihb(•rtiu 
sp., Le11eopagm1 .sp., ,'111cro:omia sp., M. scC1bra, Rcgclill ciliMa, R. i1wp.s &. Xo111/iurrlwca .sp. 
Wetland: O,,>cn woodland dominnt ... -d by B. ilicifolia & N.flon"bwula, with lllll opt.'f\ to closed .o;crub 
t.lomirntcd by Adi•11m1thoJ .sp., /JaJL'PfX?OII .Sp, & Kun:ca .sp. 
Tcrrcstri:il: Woodlund domin::ikd by IJ. a//,:m1L1/a, n. ilicifolia, n. nrl'11rir.t ii & N.floribwrdn, 11ith shmblallU 
t.lomirntcd by Ade11anthoJ sp., A. lwnrili.r, Da.rypogun .sp., Grcl'i/lc(I ci/i(lla, 1/ibb(•rfia sp., U•ucopogon .,p .• 
M11cru:omia .sp., M. Jcabra, Rt•gcliu ciliu111, R. i,wp., & Xa111/wrrhO<'n sp . 
Wcl11md: Uusin. low 0)~'II forest domin.1tcd by M. prciJJim111, ,,ilh tall open scrub do111it1.1t1.'1.1 by A star/ca 
Jp., Atlc,w111l1u., sp., K111i;(·a .J.f'. & Pcricn(rnrnw sp. Perimeter. ,,'\.IOJl:ind to op,.-n wo,.xlland domin:itcd by£. 
nuli.r & M. prci.uimm, with shmbland t.lominat1.-J hy Astam·a .sp., Ad1.'11an1lras .sp., llo.uiaca .rp., Dn.sypoga11 
. ,p .• & Pcricalrmma sp. 
Tc~oodl:ind dominated by ll. a11cmw1a, ll. ilicifolia & /J. meideJii, 1,il11 shrubln.nJ do111i1101~,J by 
Ad1.•1w111has .sp., 80Jsiaca sp .• En-mat•a sp., llibbt•rlia sp., PataJ011ia sp., Rcgclia .sp .. Vt•rticurrlia nil('IU & 
Xmrtlwrrlwcn .sp. 
\Vetl:ind: WooJhm<l <lomirote<l by II. ilicifolia. F.. murgi11ata, E. rndis &. M. prcissimm, ,,ith tall 01>cn scrub 
domin.:1tcd by .-ldc1w111/ms .sp_._,_fk_a_11for1ii1 .sp .. _l,l_a_!XJ)OS.OII .IJJ. &. K111i;1,.·t1 sp. 
Tcrrcstriul: Woodl~nd <lomirmtt.,J by 11. m1r:mm111, n. ilicifulia & fl. mcn:ic.fii, ,1il11 shrublaod dominalt.-d by 
Hihbcr1it1 .sp., l.1.·1 ,co1JQgt}_IJ .-'!fJ-.__!!!!._1cno11ia .sp., Mr_,cro:amia sp. & Xamhorrlw-1.•11 sp. 

Vrj!rlationConditl11n 

localised im:as of physical disturbimcc (fire & \'chide 
lr:ick!ll 
Ht.'tnnnnl \crrcslrial ,·cgct.ition & wctl□nd ,·cgct.ilion lo 
west of spring in excellent comlilion. Vcgclation lo e:1st in 
gooJ co1x.lition how1.'\·cr, blnckbcrry rapidly im·nding 
undcrstorcy. 

Ve{!ctation in excellent condition. 

Most adult and rc{!cncrJting M. prd.uit11u1 lm.:s arc in 
cxccl!cnl condition, how1:1·cr, lhc nrncurc trees on Ilic 
northern frinp.e nrc p.cncrully ,·cry strcsSl.'t.l or dc;id. ll1c 
scrub and shrublant.l nre bolh generally in cxcc llcnl 
condition. Then. 1Jrlic11/,u11 po1mla1ion 11ppc.1rs lo ha,·c 
been \'Cf)' stressed. but CUITL'fllly op1>can lo be 
regenerating. TI1crc arc also healthy scallcrt.'t.l J.:1111:ca JP, 
sc1.-dlingsC1nthcbasin. 
NumLTOlL~ dcnd 8. ilicifolia nnd :,.(lmc dcod B. aflcm1ura al 
the domp!:ind fringe . Fire scars suggest mosl were killcJ 
by II fairly rL-ccnt, hot fire . Some localised patches of dead 
scrub, othcmisc ,·cgct::ition is in \"et-y good lo excellent 
condition. 
Approxinrntcly SO'}'i,oflhc £. nuill &M.prcissianu arc 
stressed or ,·cf)· .~trcss..:d, with some recent de.1th oflhc £. 
nuli.s. There nrc scallcrcd llm1hia .sp. stags: & patches of 
dead scrub. which appear drought :ilTt."Cl~-J. 

Nwnerous M. prd.s.1ia1,a stags across Ilic basin, "ith oo 
,·isib\c li\·e specimens; then: arc nrcas o f dead scrub, 
possibly t.luc lo t.lrought stress: ::ind some dc::id B,mJ:.si11 sp. 

There 11rc forge areas of tlead scrub&. shrubl:ind; nlso 
npproxinrntcly 50"/2 of the M. preiHimra nre sho1\ing signs 
ofchlorosis. 

Nu1111.'Jous M. prcinium1 ~t11gs oc1uss Ute b:1si11: the li\'inp 
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Stu", or E\\lb on !hi. Cnunp•• •nJ hnJ~lo1 "'00nJ, L'nJ a Sc-lion J6 llSAI. 

!'lhp Numhet I Welland Type & Ill Conn·n·ullun C;1ll1tory & 
Number/ N:imr On:r:ill Condition 

D,1mpl:md 
{J91t7(,<',-195 1H) 

D:1mpl:md 
('.19')()(,<',-l'JJ(,2) 

Dmnpl,mJ 
{395"26-19232) 

Dampl:1nd 
(~96HS6-192-1'J) 

Dampland 
(J96606~9 160) 

D.:impland 
t.191!\36-19 1~8) 

DamplanJ 
(.19HR16-l9 16 1) 

D,nnplonJ 
('.19 1H'6-1975-I ) 

C111cgory "' 2 
D:1mplanJ l{>call-J adjm:ent lo prh·atc prop,.,-1y cuncntly b,:inp. u.,;,.:J 
for agricullurJI purposes (mnrl.:ct (.!ardcn). l l,c damplanJ apJJ<:ars tu 

be bt.'\:oming J~-& Jmup.ht stressed, with n:ry few li \'c .11. 
pr1:i.ui1111f/ present:&. \'Cl)" few M. pn:i.uitma sl..1(.!S \"isihk. which 
possibly inllic.itcs lh.11 thc m.:ijority of these tlees !1.1,·c l-..:cn dend 
for(1ui!c:;i.1me1imc 
CMC(.!OIY "' 2 
The \"cgct:1\iun on 1hc wc1tanJ appears In he li,,:c11111in~ more 
1cncslri11\. 

Catcgrn)" "' 2 
No dcs..:ripti,m ~iwu 

Category=:! 
Thi: w,:1]a11J is generally in poor cnndiliun. 

C:ilt'l,'bry· = 2 
Small dampl;1nd dominall-J by !:ill Myrtaccous scrub and Ro11bit:1 
Sllt.'Cics 

C:itcg(lfy = 2 
I.urge nrc,1.~ ,,r1crrcs1ri:1l ,·cµctalion appear 111 h:J\"C hl.-cn burnt 
11ppmxlma1cly Ihm! lofi \'cyc:irsO!!O. 

Calcgory· "' I 
TIii! Welland is gcn ... ,.all~· in cxcdknt C(>ndi tion. llowcwr. U1crc ::nc 
sc,·cr:il dblurhances. w .. .,..-Js arc presc111 in some nreas. such as 
/'imu J/>. : tl1Crc arc s-... ... ·eral ,rack s running through the eastern p.irt 
of lhc \\cllanJ: and much of the 1crrcstrial and a small area ofU1c 
we stem p;:1rt of the wc1Ja1iJ arc lL.1magcd hy 11,e 

Calcg<'ry=2 
A large J:impl:ind moslly surrowiJcJ IJy ckarcd pine plant:ition. 
The Jumpl:ind has hil,'!h.ly rn riubk vcgc1!1!ion rcOL-cting ckrnli1111, 
,,hich creates a mosaic ofwp.ct.ation struclurc. ll1cr,: arc nwnerous 
lracl.:s sunoundinµ and passinp. lhrough tl1c damplanJ: and much of 
the SUrTOUndinp. \"Ci,!Clalion ha.1 b...'l."fl clcar ... -J. hcl\\l.."\"Cf. the 

Ci.n lrc for l:,;:., ,,,1an ~l.an•gcmi.nl EC\1, J,--.,nd.Jfop 

\'cj,tel:illon Ty11e I Con1n1un\1y 

Tcrrcstri:il: \Voodl.u1J dn111in:1h:J h~· IJ . nm.•mullll. il. ilirifolit1 & II. 11lt'n:i1•Jii. \\ilh shrubl:mJ dnminalcJ hy 
l/ihhr1·1in Jp., l.f.•1,copu,:1m Jp., l'atri·J ,mia .lp., ,1/ncrn:wuiu .ip. & X1mlhon-lw,:a Jf'. 
Wcllund: Basin. op,!n \HlOJhanJ domin.1h.-J by 11. 11tt.·mu11,,, II. ilicifiili11 &. .1 1. pn.•iJ_fi1111,1, with shnihl..111J 
domi11.11ed by II. ,·l•·ta11J, OmJJH~v11.ip. &. l(rp11ca~rmn111 J/J, 
Frin(,!C. 01>1.-n fo1csl d,1minat1,.-d by C crifop/1.r//11. wi1h shruhl.:tnd dominated 1,y J.1111:,·11 Jp. 

Tcrrcstri,11 : WooJlanJ to 01i,,:n forest domln:1kJ by /l. a111.·1wlllll. 11. n,,•,i:it•Jii & N. jforifirmd11, with 
shruhJ:mJ domin.:llcd hy Alloc1m111rim1 lum,i/iJ. Ru.r.1i11c11 ,•rioc//'71/1, Jir,·nm1•11 /Klllt' if111ra, llifih,:ni11 xp .. 
Jm:hvnia .lp .. Sclwlt:ic1 .ip. &. Xtmth o,·rhoct:1 !!p. 
Wetland : Wi>oJ lunJ J nmin:ilcJ hy fl . ilicifolia &, .II. prd.1.1i111u1. \\ilh tall OJK'n scmh d1•ml11..11cd by Krm:m 

'" 
T1.'1Teslrial: Woodl:mJ Jominat,:J by /I. ,,11,·mwta. IJ. ilicifiili11, ll. n1t·1,:i,·.,ii & f:. 1mltimu1. with shrul>b1iJ In 
open heath JominateJ b~ Atf.<1111111/w:i :ip., f:r,·ma,•ufimbl"iaw, J,._•11cup11,:1111 l [J., l',·trnpMh• .tp., R,•,:dill 
ciliflu,. Sdwlt:ia JJJ. & Xm11lwrrlw,•t:1 .ip. 
Wetland: \\\>oJ!:mJ to low ll)>Cll forc:.t domin.1\cJ by F.. nuli.i &. ,\I. prd.1Jimw , \\ ilh lnll op1,.'t\ to dosl'I.I 
scnih dumirutcd b,· A.'1111:,·a ·'f1· 
Tcrtcstrin l: Woodlaml dorninulcJ by ll. ,111c1wa/(l, II. ilicifulia, fl . m,•11:i,·Jii & f:. 1mlt it:J1111, with shn.ibland to 
op,.'tl hc111h JominmcJ by A1l.•11wu/wJ :ip., En·mn1·11fimhria111. l.c.•11copo,:011 .ip .. P ... ·rmphilt· .,p., lfrKdiu 
ciliutn, Sclwlt:iu .rp. & Xm rtlwrrhm•n !p. 
Wcllnnd : Basin, mlOO lanJ to or~n woodlonJ domiml\cd h)' II. ilicifulia, with tall 01x,1 scrub Jomina1cJ by 
Clwri:cnm JJ! .. l~l'poCIIIJ ·mmu .,p. & A.'1111:c11 lp. r ... -rimc\,..,., \IOO(Jl.lnd Jo111in:11cJ by B. au.•mu,111. R. i/icifuliu 
& B. mr,i:it·,ii, with open heath domi11.1tl.-d by l(rpacc,(rmnrn & lfr,:dia i11tip.i. 

Tl'ITcstrial: Woodland or II. 011cmu1111, IJ. ilicifolifl &JJ. nmcir:.iii owr 1111 open heaU1 of.\'. ,,rci.iJii, .1/. 
rii'dlt-i, ,1/. ;sr;c,hro, H. cilima, , lt:l,•11c,11tlm, .ip. & / .c11coptJK011 .,pp. 
WctbnJ: \VooJl:ind of 8. ilicift,lic, & fl. n11rmwtt:1 owr a clos..:d heath to tal l dos,..-J scrnbof II. d,•,:m~,. J.. 

c:ricifolia & II. llll\!1Uli(vliun1. 
;rc-;,.--;;trial : WooJ'i'mJm open forest domin.:11 ... -J by n. 1111c111w1u & IJ. mc11:it"Jii, ,,iU1 shrubla,iJ do111in,1ll-J 
by Arln1m11lw, Jp., Er.•mm•11jimhl"i111n. l.,:uc1ip<1K01J :o,p .. /'mc•r.11111/11 Jjl .. Mncm:11mi11 .1p., 1\fr/c,l.•11ct:1 .1cul>m. 
Sc/10/r:.ia .1p., S1irliui;i11 .rp. & Xm11l111rrl1111•ri .ip. 
Wctlund : Wo,iJl:ind domirulcJ hy n. au.:muila. B. i/icifoliu & JI. prl'iJ.1i111m, wilh I.ill O]ll:111<1 closed scrub 
J,.,min,1led by 1hlanCt:J lp., /~\1HICa~rmnm .1p .. J.:,m:m .ip. & .\'mJ!hvrrlwrn Jp. With fringing n•gclll1ion 
Jominakd bv ,\'. llarih11mlt1 & Rm1bi11 J///1. 

T1.'TTestrial: W~nJ 111 01-.:n forest dl.lmin.:stcd by JJ. 1111,·m111111 & JI. n1<·11:i.'.1ii, ,,itl1 shruhland Jominat ... -J 
hy A1k1111111hu.i .ip., En·n111r:afimhdt11n, l.,·1,cop,iKt1" "P·• l'111t·r,m1ia lJI .. .l lt1cro:umi11 .1p., .llde1l1·11ct1 JCllhm, 
Sclmlcitl Jf'•· Stirlillgia ,p. & Xamlm,·r/wm Jp. 
Welland: Western arc-J. low open forest domiri.11,:J by JI. 11rdJJi1111e1. \\ith clt1S1.-J heatl1 domirutcJ by 
Chori:t•nm sp., A:wr:~•11 Jf', & 1'1.:ridi11m c,rnh•11111m. Eas1l.'Til area, woodl.1nd to low open forcst dominated 
by fl. /i1111rnliJ & M. prd1.ii1111t1 , with I.all closed lo 011en scrub domin:1lcJ hy A,//lrm, :ip., C/wri:,•n111 .1p., 
/(1-pt:1cal_rmnm & Kwr: ,·ll .rp. 
Terrestrial : Woodland d11111innlcJ hy fl. a11,•mm111. JJ. ilici[fllia. JI. nu·ir:k.1ii, I;·. 1vd1imw & ,\'.Jlarih1m1fo. 
\\ilh Oj>en heath J ornin.:itcd by Arlnm111hoJ .lp., llvJJiaM crit1em7lfl. Da.f)1H>,:OII .,p .. l.c.•1,cfllXl}:/JII JJI .. 
R1·,:l'lic, cilimt1. /'er1icordi/J 11il1'1U & .\'wuhurrlw,·o lp. 
Welland: Lower clc\·ation arc.as, ,1ooJland lo ]owcloS1..-d forest d11minall-..l by n. gramli.,, JI. 1i1t1Jra!iJ, f.'. 
mu,-,:iiu11a, F.. nu/i.J, .II. prdnin11t1, .II. 1•imi111·u, JI. lt::r,•1ifalic, & N.j1udl>1111dt1, \\ith cl11S1..-d tall scruh 
dom in.1tcJ b\· U. c1'--ga1u. J..:1111:,·a Jp. &. I~ lu11g_i11uli11al1:. I ligh1..,- c1.._ ... ·a1ion 11rcas. woodland to low closed 

Vc1,trl:ition Co11rll1lon 

o\\:rstore\' (lf lhe J:nnpl;mJ 
There ore olmost no live .1/. prdJ.1it11U1 1r1,.'\:S, scattered /1. 
ilicifolia sl..1E!s & l'llllchcs of deaJ shrubhmd with /J. 
m1,·mw1a and D,u.17iugo11 Jp. s1 . .'\!dlings 1,.-stablishing tlll tl1e 
basin. ll1c lcrrcstrial wgctalion also oppc:us to haw 
Pl,pvp/11/wrn ci111111momi. 

The terrestrial ,·cgcl.1lion is in excellent condition; the 
JJmrhin Jf'JI. 011 miJ around lhc basin .ir,: all in excdknt 
condi1ion: onJ 1hc scrub j5 gcncmll)" c:\cdlcnl with only 
sc:111crcJ dc:1d palchcs Jh.1wc,·cr. the basin appears lot-..: 
drying. the M. pr;•iuilmn J)("ll'ula1ion is \'cry slrcs~d. wi1h 
m11nr !,\ags ocross !he lx1sin. and !her,: arc llmJ.1in Jpp. 
inrnJin~ UIC basitt 
ll1C tcrrcslri.:tl wgclalion is in excellent condi1io11. as is the 
scrub; and thc1e arc large areas or dense E. nJt:/il s.111lin(!S 
in tllC basin. I lo\\1,."\·cr, the .II. prdJJil!tw nnd £. n11/i., 
popul:itions arc wry s\rcSSl.-d. "ill1 sl:J(!S across the basin. 

There arc. patches of Jrnughl strcsso.:d scrub in U1c IX!sin 
nnJ in Lhc fringing wgcl.llion: sc.:t llcrcd dead /limbic, 
.ipp.; n. allcmmta & n. nu:11:ie.iii ore 1110\"inp. in1n the 
wetland; and.\/. prr.•inimra st.:igs ore pr1,.'S l"fll across U1c 
wcllamJ, which 11p1i,,:ar to h:1Yc ptc\·Klusly constilull-<l a .1/. 
prci.JJim1t1 m~land, t],crc oppcar:s lob,: oo li\·c J/, 

I prci.i.1im111 al ptes.:nl. 
Some 1,.'\•iJcncc or J/. prci.1Jimw sl:J!!S in tl1c wclland 
11 lthough th ... -sc arc lonE! dead. On'tstorcy is now 
domirutcd b~· lltmbiu SJk:cics. Und1..'1"storc~· gcn..-rally in 
excellent condition. 
Tl-.: scrub is in esc~llcn\ c11ndi1ion. os arc the /Jmibia Jf'p.: 
the terrestrial wgct:llion is lin.: aff ... '\:tcJ but hc:i lU1~· ­
J-lowc\·cr, npprosimatc\y 50% oftl1c JI. prd.u/111111 trees in 
th,: \\"ellanJ arc sings; and lhc /Jimbill .ipp. :ipJi,,::ir to b.: 
mo\"ing into tl,c wcll.:tnJ. 

Titc Hgctation is generally in c-.:cdknt conJili ,,n. \\ilh lhc 
cxc ... -pti<1 n 1•r sm.1II arc:is or lhe wcU.1 nd s..:wrdr uIT1..-..:1 ... -J 
tir firc. 

The \'Cgclation is generally in excellent lo pristine 
cond ition. There is on oecasio11.1I ,\/. prt'iHimr11 Sl:li!, 
otl1crnisc l11C .1/. p1\•i.uia1111 r,opulnhon arc in nc.:tr-prislinc 
condition. 11,c wld ... -rsto1cy is in excellent condition, as is 
l11e owrslor...;,. There arc£. nuliJ sapli~s on part.~ of l]IC 
basiJL 
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l\hp Numhcr I Wcll:ind Type & ID I Cun~crn11lon C:ilci;tory & 
Nun1hcr / N::ime Onr:ill Condillun 

2ClJ4 JVNE 

203511 SE 

20l5 JI SW 

l_3kel\dams 
(J88-l-l(,-19l90) 

LilllcMoriginiup 
{)88306-19035) 

1.inlc ALlnms Smnnp 
08955(,4922(,) 

lla\lkins lfoatl 
Swamp 
(J'J l 206➔8<J.!6) 

Swnpl:ind 
(JRJ-lfi<,-19057) 

Damplaml 
tJ•XH.?6-19008) 

Luke Carr.,booJn 
{37K-1%SO l 46) 

1.nL:e nambun 
(J9➔J5M22R3 ) 

l.akeNamhltnj.: 
(J<J-121652168) 

l.:ikcMunj.:111:i 
(39-18.?652119) 

Vea l Swamp 
I l382616s11511 

Cn1c1,:o~· = J 
M1•rc th,:in half ofwctlamJ is 11ri\'11tc 11n•1>erty & currently u~cd ns u 
1i.:1J1fo,;k . Some ~ucrcd wctl:mJ t11:cs remain with 11 ,wcdy 
w1tkrsttll'cV. ·n ic S\.-clion unJcr cm\\11 rcsel'\·c h:1s nol hccnck:ircd 
but II wulk~,·ay has lll."Cll c111t~lrucled & non local tree sp,.:cics 
,lankd. 

Co1c1,:011· ::.f 
WcllanJ lie.~ on pri,·a1c prop,!11)' & is pr.._•,fominantly dcar ... -J & 
j.:rnZeJ. Sollie scallcrcJ Eu.:alypls rcnwin mound lhc fringe of the 
se:isunall\'wclnrca. 
Cnh.'j.:n~•::a:J 
W,:1\anJ on c--:1cnsi1·cly ck;1rcJ pri1·atc prnpcny 11i1h p.razing 
:icccss tollic lakclx-J . 
ColCj! tllJ= .? 
Swamp \\ill1in pine plantmion :idjac,:nt 111 clcar...'1..1 land on ncst sidc. 
Trad,s inlL"TSCcl snamp. fon11i111,: a dca1cd cirdc ncar ccnlfc. Some 
Jwnping of rubbish & r...~ular fir,: is apparent. 

C:ilej.:o~· : ,! 

AJjoin~ Ncemhup N:itional Purk hl \\csl. lhis provides suhslanliol 
\'C(!CU1tin n buffer. Mud1 of cast & so uth.,1,:sl side priYalc pmJ>en)". 
I lorsc ba\'C access to much of lhc perimeter & tl1i~ zone is hiEU1ly 
Jcgrntle<l by p-azinp.. &iii under tre,: c.mopy moisl suggcslinp. 
surface waler may lx: prcscnl furtl k:r inlu wctlontl. 

Cutc1,:nry :J 
Wdlond s1DTot1mkJ m· dcmcJ fanuland "ith sc:ill\.'TLxl r\.'Tnn:inl 
E1,co~1pls &. /Ja11hia ;p , Rcmn:ml liuornl trn-s have Wldt-r.;lot\.')" of 
dc1t....:om1ual&p,:n.'TIJlialpr.1s:.1."11 
Cotc1,:o~· =:!. 
StUTUUIKIL'I..I b)' t-.farkcl j.:artlens & pastw..:. Tcrrcstriol ,·cgellllion 
ek:m:J hi .._,Jgc ofJ.1L:c ,1i1h some loc;;i liscd infi lling al ~ mth1:m 
,:nJ. Arc.is ocel.'s.'it.'<l wcr,: dry i11 A11ril 20Q-l_,_ 
Cnl..:gory = I 
l',:nn:utcn1 Wctl:i1it.l . Narrow fringe of linoral ,·eF,ctotion swwwids 
thc lnkc. Some bulTcr rc11111ini olthou~h the majorily o (Uic 

swww1Jin~ fo.1it.l is dcarl-<l fannl anJ. 

Cntcp.011•:2 
Ephcmcrul Joke \\ilh narrow strip of littoral \"Cgetalion to tlic soutlt 
& casl scp.u-oting tJic wdlanJ f111m fon nland. So1m: renmam 
\"cgclmion o.:cur.; to Uic north-west. Dry in April 200-1 . 
C:ilcj.:o~· =2 
WctlunJ ,;ompk1dy surrumit.lcd hy pri\'olc prilJ>eny. 01.mcrs 
rcfused m:,;css. Foll(minp. comm,:nl~ ore made from di stant 
i11.~1)1.-ction. Wetland IIJllll!arL-d to be Jr,·. 
C:rlcp.ory = I 
l..or~c wetland \li lhin wturc rcSL'T\"c nith ,·cp,:1ation chanp.inp. from 

Crntr< fo r E.:.'l•)•ll;m ~r~,,. f anrnl EC( r. Jo.>nd>h•r 

V,~ct::atlon Type/ Communily 

& 1>en:rn1ialgrnss..:s. 
Terrestrial : Scall\.'T·cd Eucalypts with pe1ennial grass un1.krslorey t\1:11 is re1,:ularl~· 11101\11. 

Well:inJ: WooJlnrxl off.". 111di:r & M. prciJJfrma . Oyx.11 hc;1th of A:1111;,•11 & ,h1ar1,•1i -'/I · mixcd ,1ilh 
~-Jj.:d:mJ of II. t1rticult11t1. ll. j1111c, ·11 & J..,,•pidmp,:rmt1 ~,,. 

T,:rrcstri.il: llnnksia wooJlnnJ on SlUTounlling prnp,:nics 10 1hc nonh &. west. 
Wc1]1111J : Oj>en woodl:mtl off. mdi.r in pa1ches UnJcrslo1ey &. wctlanJ b.1si11 conL1ins mum:il 
l!f:lsscs/11ecJs. 

Tcncstrial : Non,: 
Wcll:mtl : Patchy Ji .~1rihulion of E. mtliJ & JI. prt'iJ.1itma wooJlnnd 

l\.ncstri:i l: 1•ine11lantntion 
Wetland: Open fores! nf .11. 111·d.uim111 "ith shruhlanJ uf 111-m,fi,nifl dq,:m,. , l,."1111:,•11 jf' - k , l.,1111",..fl 

fiui:ic:11!11,-i:. . Kw,:,·11 -'I' - fonns tall d o:.cJ :,,,.:-rub near w,:llauJ ccntl'c wilh n. 111·tic11l111t1 & (17n."mc-.-,tt· JP 
seJj.:dorxl sUJTountlin(!. Nwucrous A:1111:,·11 Jp. SCl'l..l li nj.:.~ olso p1l.':.1.-n t here. 

Tcm!slriol: OJX'TI woodland of F.. i11n1p/1on•plmla & f.". 1mltim111 cm higher 1,:romxl gmtling tn /I. t11tc1m11111. 
/J . prioualc.r & fl. ilicifu li11 \\ i lh underslorcy of:irmual grasses & ,wctls. 
WcllanJ; Open forcsl of/;". n11/iJ & M. dmpl,iupliyl/1i on wcllantl pcrimetcr becoming eloscd forest of JI. 
rlwphiopl,yl/a on basin, UnJerslorey lffil7.\.'I..I ka1·ing s..:nlll!rl'd mmual ,1·,.'\:ds. 

T cneslrial: l'adJock \\ith scaUCT\.-J £uc11 ~1pl11.J &_ llm1hii, ,pp. 
WcllanJ : Woodland to 01>.:n fo1csl o ff.". nuliJ & .1/. pr.-iuit11111 . 

TL"TTcstrial: None 
Wc1 l11ntl : Open forest off.'. ntdi:r. I.ow 01tcn forest or M. rl111pl,iuphyll<1 ch.tnj.:ing to low closed forc )"\ 
furt her inl1• lake. Sctlgdantl of 1)-plm 11ilh /Jmm1rn & Jrmcru .,p. in open areas. 

Terrestrial : Prct.lomimntll' cleared . 
Wctlarit.l : Woodl:irxl o( E. ·,,,dfr & M. r/wpliiopliyl/a wi1h occ:1sinna l .11. \lmim•11 . UnJ,:rslorcy o M:dgcL:uxl 
of /J. (lrtic11lt11a. Junc1u .rp. & perenninl \\\.'\:tis {Kikuyu). Vc1,:ctation in \\intcr ,1-,:1 Jcpres.~ionjnininp. lake 
this lake wilh Namhuni: (to soutl1)consists of low clos,.-J fo rest tlf .\/. 1'imim·11 & .11. 1i•rctifuli11 \1ith no 
widcrslorey. 0.."Cllsional £. n11/i.1 occur in nortl1t..'TTI 1,orti11n. Bracken fonns low closet.I hi:;1th in hij.:lk:r zones 
of tmnsil inn nr,:a. Transilion _arc:i J-'i..11fiyatc 11mpcn\' 
Tc1rcslrial: None 
Wetland: Woodland to 0))1.11 fore st of f.". i,u/iJ, JI. rl,aphiopl,yllll & C. ,ilwJ11. UnJcrsto r...·y 11rcdomimmlly 
annu.1\ i:rnss.:s. Som,: Jl"i/Jm1iii sp. on Jry lakc b,.-J . 

Terrestrial: None 
\Vc1l:nit.l : Woo,ll□nJ lo O]'K:n fore st E. nalis. J/. r/111pl,i11p/1ylla & C. oht·.111 . Untlcrstorcr □nnu.11 grnsscs. 

TLncstri:r l: Woodland o(C. c11lu11h_rl/u, fl. tJ11i•111w1a, n. mt•1c.icJii & Allac1mwri11t1fr11urim111 . Untlcrstur ... ·y 
Jomimt,:J by Xa111l1ar.-lw,·a lp .. M. rit•tllr~ Cliari:cma -'P- & /lib/, ,•rtia -'P-

\'cJlcl::alionCondillon 

In ,;rn\\11 rl.'sel'\'C nrowid tl1c ,;onslructcJ walkw:I\' lhc 
planh.-J 11011-loc:11 Eucolypt species & pine \recs ~rc rnpiJ)y 
colonisinj.: the lakc bcd & allhouj.:.11 R:nmanl lilh•rnl IR"'-'S & 
shruhlanJ show 1111 s ij.:ll~ uf strcss tl1c.rapid ,:s1:1hlishmcnt 
of non-loca l trccs sui:i:csls water k,·ds may be J,.·clinin1,:. 

Rmiaining F.. mdi.r lrL"'-'li uppcar lk:;1]\hy. 

No sil!n of Jrnughl sl1ess i11 remaining trccs. UnJcrsto1e)'. 
shrnbllind of Xmuhorrlw,1.•11 prrinii 11ith onnu.111,:rasscs. 

Di\'l.'fSC ct1mmunit\' \\ith some inrnsion of inlrodu,:etl 
(!r:ISSCS. T!\."'-'S s.::11~ ... -J frnm llWlll'TOUS fircs. Tr..."CS in 
cscdknl condition IKl\l\.'\'l!T. some kITl'Slrial Sp,!cil.'s h:1w 
C)!nblishcd \\iLhin wcllantl SU{,?(!L'Sting r\.-JUc\.-J surfacc 
watcrinrccl'Tlll'Cars. 
Ck:1ring under hip.h \\.11sion J>OWL'T lincs & gmzinp. h.1s led 
lo a highly Jislurbctl area bctWl"Cll wetland & N11tion.1I 
!'ark, oth,.:-nl'isc tl'TTcstrial vq:ct:11ion is in good conJi1io11. 
Wcllarxl , ·cgetntiim i:; similarly affcc!ctl by constant 
gr.izing ho11 cl'l.'r, , ·cgel11lion density on the basin prc\'Cn1s 
stock access so the \'l!F,Clation 0JlJ>ears lo be in c:,:cdlcnt 
condition. 
Some Jj,:.bacL: of E. rudi~ apparent on west sidc &. pim.'S 
invatl inp. from cast. 

Some annu.11 & p1."t"L1mial Wl"CJs cncroachin~ mnrp.ins of 
l!k: lake. 

O\'erstorc\' in c~ccllcnt condi1i1111 . Ven' wc ... -J\' widc1sl11r,:1· 
around bk,:. Vcp.et:ilinn oflmnsi1ion z~n,: is i1.-ncrally in · 
,·c11· gooJ conJi1ion. 

All trees app,:ar in pond hcallh. No si1,:ns of Jr,1U1,?ht slrl·ss. 

T fl.'<!S □ppcarctl lo he in good hcnhh 

S(lmc loc:rlis..,J :rrcas of dislmb.,occ from \"Chicle trucks 
11nd im·:r.~ion of annual \\\.'\.-d!I. Oiic rdati,·d y s11111II ar,:a of 
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M1pNumbcr Wetland Typc & JI) 

Numbrr /Namc 

D:unpl:md 
()83-W651762) 

DamplnnJ 
(38337651 SOO) 

Bin.liar Ulkc 
(3R l81{,51 9-H ) 

l.hmplanJ 
(3R73165191 9) 

D:i.mpbntl 
{387986523 11 ) 

Dnmpbnd 
()88256521 ➔7) 

D:impl3rnl 
(38875652172) 

Dampland 
(38861652407) 

Con~1:natlon Calejtory & 
O\·crall Condition 
open wooJlnnJ to clos1.-d hc:1th oft.'111 scmb with snmll chnn~cs in 
torography. Dry April 200-t 

C11l~1!.0I)" "' I 
Wetland in cxcdknt condition. Dry Apri l 2004 

C11!cl_!o1y: 1 
S111111\ s1cql siJ1.-J Jmn11l:mJ in roturc rcs.:TYc. Shows sharp 
trnnsition from h:m:strfol 10 wellanJ vcgetlllion. C!osi.-d low forest 
of Mc/11/mca s~gcsls th is site is ,wucr ih:111 SlllTOWldinl_! 
dmnpl:1111.ls. Dry AJ1ril 2001. 

CatCl_!Olj' = 2 
Welland 1"1.:'curs in 1111turc reserve nnd hM c,cclknt , ·cgcL11ion 
bu!Tcr. Pines 1:..:cur ,,ithin 100:m of western side. Vchi.::ks 11ec ... -s.~ 
lhc clayp:m area in the nnr1h 11 cst lcaJinl_! to somc lricali,;cd arcas of 
ilam:ige to the 1·cgcl:1tio1L llr}· in April 200-t 

Calcgory = 2 
A , ·cry smoll d11111pfond wilh o rood ruMinl_! thro~h the middle of 
ii. howc\'ct, U1..: ro.1d docs nol a111x:ar to h.w ..: SL--rious fXl?:ltil"c 
imp.1ets on the condi1ion of the dompl:md. The d:unplallll and the 
, ·cl_!cUl tion nre p.cnl·rnllr in good conJilion. 

Catci,;ory = I 
A n.1rrow dam11lonJ \\ith a miscd tcrn-strial unJ1.-rstorcy. The 
JamplanJ is loca tL'<I in a L1r~c nature rcscr\'c, which is esSL-ntiollr 
undisturbed. I low1.'\'L'T, it should be not1."'<I that Phytop/ul,ora · 
t:i111U1mond Jocs occur in aJjacent blocks in the natltrc rescr\'c. 

Catc~Olj' = I 
Damplumh 120 and 125 ore B lnrgc IJ.:lir of dnmp\unds th3t urc 
possibly con111..-ctc<l; :inJ arc both l!k.:aled in o lariic undistwb,..-J 
nalw-c rcsc"·c. Th..: Jmnpland is p.cnerolly in a very gooJ condition. 

Cnlc~olj· = I 
One damplonJ of o pnir 1h:il nrc pos.~ibly hrJro\(¥ically connL'\:\ed. 
Ool/1 nre loca ted in o l:tl}!C n.1 lun: n:s....,..,e 

Ca\1.'l_!Of)' =- I 
A smoll distin.:I <lampl.,nd summno:k-J by briier damplnnds. There 
nre m:ids up fond of the: dnmpl:md: hom .. '\·cr, the roodtt Jo not llJlll'-"ar 
ltl ncgath·cly impact the J.1m11laml. TI1e wctlnnd is gcncnrlly in \'L'I)' 

l..£..ood cmyJ\tion. 11ith only smnll JJatchcs of dead \'l.1!clation. 

C"l\l!c for E.ro, y11cm M:i.n,f<mffll ECU. J,><1nJ..ol"t' 

Yestclatlon Type/ Communil)· 

Welland: Open woodland of E. nu/is & M. prd~1imm ,,ith :dtrublnnd of K1111:1•n Jp. 

Tcn1.~tri:II : WooJlnnJ ofC cnfopliylln, B. at11·mmra, ll. n11:,i=frJii & IJ. ilicifulia withnn un,krslorcy 
dominatcJ by Xr111rlwrrl,u,•t1 Jp. & Ku11:t•fl !Sp. 
Wetland: Oj~n woodl:mJ off.". nulis. M. pn:i.Hin11n & ll. lillomlis with d o.,;,."<.! lll ll :icruh of K1111:,·n Jf'. 
Terrestrial : W1xidlaoJ ofC. c(l/opliylla, ll. t1f/cmm1a, fl. nll!1r:icsii & ll. ilicifiilia with an unJcrston .. ·y 
domin.1tcJ by Xnmharrlwct1 sp. & 1-:,m:t·a sp. 
Wetlmxl : Low cl,iscJ forest of M. pn·iuiun", E. nu/is 1\'. ll, liuamli., ,1ith on open scd!_!claoJ of 
I.A•pido.1111..·rnmsp. &.o..:c:isionalA.1111r/1•n ,1p. 

TL'ffcstri:il : Woodland or C. n1/ophylla, /1. t1llo'mw1a, /1. nindc., ii & Allm:n.wad1mfm,a ia11a Un<lcrslorcy 
tlmn iroh.·J by Xm11hurrlww .,p., M. rit-tf!d & 1/ihbcnia sp, 
W..:tl:mJ : Wood lnnd of£. rndi.1, M. prdJJiam, & /J. /iuoralis ,,ith scn llcn:d dens,.: stomb ,1f M. prdJJ imm or 
£. nufis. Tnll open scnib to open heuLh of 1-:,m:ca Jp. & /Jcmifurtia sp. 11ith Lq,iifo:ip1.·rnw sp. Nluncrous 
SCL-Jlinp.s of E. nuliJ & 11. lirtura /iJ occltr around the pL-rimctcr of llu: lo,,cs\ lo1,cn) :ir..:as. 

TL'ffestriol: A woodland o,·,.-rstorcy or B. mc,i:it-sii, n. ilit:lfolia, & B. 111tcmu1U1. Wilh nn Oj)f.-n hcal/1 
UnJl't'StOl"L'Y of n ,1/J 'f/flCo'OIU shrub, 1/ihhertio sp .• Po11.•rs011in .,p. &. Km,:,·a sp, in the \WSlcm )Xlrt of lhc 
\"q:ct:ition, &. Xa111l111rrl,o.·a sp .• l/ihhu1ia .ip .• Patcrsonia sp. &. K,111:l'll .,p. in the castL'TTI p..1rt of the 
\ 'Cl_!c t:i tion. 
WctlnnJ: A /J. aftcmuua, B. nll'lcil•sii & M. prci.uimia wooJJand O\'crslorcy, With a tnll open shrubland 
underslorL1' of K1m:ca sp, &. Xa111ho"hoca sp. With an open sctll).cloml of L!pitfuspan,a Jp. in openings. &. 
n scaucrin~ of Lc1ico~o11 sp. &. Xamhoffhot•a sp, 
Tcm.-strinl: A woodland o\'Crstorcy of fl. mcn:io ii, fl. allcmtato & /). ilicifolin. With on undcrstorcy 
domirolcd by I~ 11i1c1u &. DtL1,1·pogon sp. 
Wcllnnd: A wooJl:md O\'erstor.:.·y of M. prciss imm, ll, mcn: iesii, 11. 111/cmu,111 & B. ilit:ifi1/ia, With an 0[k:n 
heath understorL")" ofJl~1·r111cco11.1 shnib sp., llo.uio.-a .,p .• /fihhertia sp., Hcgt•fia sp .. X1m1/wn-/1oco sp., 
Vt·rticordia nitt•ns, Pl!trophi/c sp., Mrfnlcuc11 1ric/wpf,ylla, Dn.,ypogon sp., IA-·pidosp1.·rnm sp. & I~rpolac1111 
,p. 
T crrestrfal: An over storey of E. IIXilimm, /J. ntl'1dt•Jii & ll. iliclfulia W<xxillmJ. With nn open hen th 
unJerstorcy of I'. nitl!W, ,l~l'l'lt1ccmu Jhnth sp., Lt•11copogo11 sp .. H,·gdia sp .. ,\'1111tfm"l10.·a sp .. M. 
lric/wphylfo & M. scr,hru. 
Wetland: A woodland o\'Crstorey of M. preis.rimU1, B. mr,r:it·,:ii, /1. al/('/11/llla &. ,\'.flarihwulll. With II Lllll 
scmhlond Wldcrs torcy of K111r:c1l .,p., o shruhlnnd of B1·a11for1i11 sp, Xmu/rorrhot•a Jfl., I', 11i1e,u &. 
A,/em1111/w.1 .'(} .. llnJ Q grJssland of D,uypog_Q11 sp. 
Tcm:stJin\: An on-rston:y of E. IIXllimia, ll. meidesii & H. iliclfolili ,,'OOOJ~nd. With :in 01,cn heath 
unJerstorcy or I'. 1ii1e,u, ,\~rr111ct·om slimb sp .. Lc11cupogu11 sp .. Ht•geli11 sp,, ,\'amlwrrf11u•t1 sp .. M. 
1rirlmp/1ylla M .. 1cahr11. 
WctlonJ: The wcst1.'TT1 part of the tiampland lus nn open wooJlunJ 01·1:rslorey of /J. llicifolia, \\ith 1111 01,cn 
heath Wldcrstor .. , · of I'. 11i1c1u, &:acifo/"lia sp., D,uypogu11 sp, &. X1111tfwl'rfwt•a .,p. n1 ... -astL'ffl part of the 
dampl:md has ll woot.11:md t>,·crslorcy of ll. mc11:iesii, with 111.all open scrub to ta ll clos..-J scruh unJcrstorcy 
of K1111:c11 sp., lll'mi(unfo ,1p. & A1k·11"mh~. 
TL'TTL-Strial: Th..: o,·er.itorey is II WOOlllnnd of D,mksio 11111'111um1, ll. nn•,i:icsii & D. ificifolio. With a 
shruhbnd un,krstnn:y of Rt·gcli11 sp .• llcauforlia sp .• .1/acro:amia sp., .\lyrtaccmu Jf1111b sp &. Dmypogo11 
,p. 
W..:U:md: All on't'storcy of M. prciJJimu1 aroWld the perimeter of Lhc wetland, With o cloSt.-J tall scruhlnnd 
ofKw,:casp, 

Vcgctalion Condition 

E. n11lis Jc:1th is llJlll3h.-nl in th.: sou1hcm So.'1:tion. Ku11:,0 u 
sp. shows si1,:1t-. of drolll:hl stn:ss in hi~hcr areas in Ilk: 
northi.'Til scction. 
Vel_!ctation in excellent conJition. E,·iJcnc1,: of fire (>2 yrs) 
inlcrrcstrialn·l_!clation. 

Veget11tion in excellent lo pristine cond ithm. 

Vegetation in very i:.ood to excellent condition. Some 
localiSL-J :ireas of Jisturb.,ncc from 1·..:hiclc access. Som..: 
non-agp.rcssi\"c WcL-<ls near tr.:rcks 1111.l n few Jlinc IJL'CS 
esL1blishi01; on lake ~d. t-.titurc r.'. nu/is shcmini: sip.its of 
str1."Sll, some n-ry strcsSL-d, on tJu: WL"Sl siJc ond tnwnrJs 
Lhc centre of the lokc. The majority of tJ,c tr<.-cs to the south 
a.re in cxc.!llcnt condition. 
The n:p.ctalion is in nry tooJ to cscclk-111 conJi1ion. 
A1)1)10Ximatcly fi fly J>L'fccnt of the aJult Mdolcuca 
prcis5icmn arc dead, ,,ith some st:1gs, Al.so patches of ll1c 
K1111=ea sp. arc sen-rely drought clTL'Ctcd, \\ith SC\'\."rol 
1,?cncrntions dead. 

Pristine. No ob\·ious sign.~ of fire. disease, lnnd-us.: 
impaeL~ or dieback . 

The \'el_!ctation is in 1:xccllcnl lo pristine eonJition. 

M. prci.uimw slllgs nre presen t how..:-\'cr, no lin: SJX'Cimcns 
nrc visible. The majorit}' of lhc /J. ilicifofia nre re• 
sprouting (thoul!h there nre no ob,·iolL1 signs of fire), there 
arc rnrious dead llonksia tree 's, nnd there is some shrub 
dc:illL llowC\·cr, it should be f'IOIL-<l that th..: condition of 
th: wpcllllion impro\"cs in tlll: east..:m JXl rl of th,: 
dam11Jand, ,,hcrc,·L'£.C!t1_li.Q..n~ndition is excellent. 
The condition of U1c te1Tcstri:il \'cgctation is scJ11.-ral ly in 
excellent lo pris tine condition; howe,·er, there is some 
shrub death nnJ some death of /J. ll ll('lllmta , The conJition 
oflhc wctlanJ n ,;etntion is also in eXL"<lknl lo pristine 
corxlition. howcn:r. there is some death of mnture M. 
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Number fN1mc Ch·cnll Condition 

D:impland 
(JR861652005) 

D.impl:ind 
(]8913652246) 

D:implanJ 
(389 1)6520 12) 

D:impland 
(38951652330) 

D::impl:ind 
(3897)652008) 

D~mpltmd 
(]9008652]86) 

U□mplmtl 

(39001!652298) 

DampbnJ 
(390266522:!,1) 

Dampland 
(3904565225-1) 

CalL'gOI)': I 

/\ broad transition 7.orn: of miscd tcm:strial and m!ll:mi.l ,·c11c1.:11ion 
surrounding the J am11l 11ml. 

C11!cgOI)" = 2 
L11rl,!c , lincardnmplnnd with wide transition zone ofmixcJ sp ... -cics 
bct11cc11 tcrrcslrinl nt'IU w.:llnnJ \'Cl,!ctation. fa·idcm:e ofdicb.1ck in 
lL'ITi:slrial c11mmunit1·. 
CnlCi!OI)'"'] 
No description 11iwn. 

Catc(.!OI)' : I 
A hcahhy 11 nJ intact tlamplnnJ, 1,i1h II mixed ofwclland nnd 
lcrr ... -strial \'Cl,!Ctalion. 

Ca!C(:01)""' 2 
Snmll d:un11!:inJ J ominatc<l by Myrt:iccous shrubs. Surroundilll! 
\"e(.!eblion Jich:id: ll ffL"CIL-<l . 

C11tcgory"' I 
A trnck runs throl!l;h Uic wctlnntl. Much of the wetland vq;.cllltion 
is a mis of lL'TTCslrfol onJ wctl.:md \'e~cuition, \1ith only small 
pockels of"lruc" wctltin<l \'Cl,!Cl.nlion 

Calego11·=I 
A distinc t and sharp trnnsilion between t....,,-estrial and \Wllnntl 
w(!el.:llionisohscl'\'"--J:i1thissite 

Calel!ory"' I 
No 1.k-scription t:, iwn. 

Co!C{!Ol')'"'2 
No dL-scri111ion ~iwn. 
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Vqi;clation Type/ Communll)° 

clo~"ll scrub Jomin.11cd by A1lc11q11tlm.J .Jp., lkaufurti11 .ip. & >.:,m~m J/'· C. ca/op/,ylla Jomin.1tcs the 
o,·L-n:hm:y tm lht.: p;rimclcr of the wcllanJ. 
T L'flcstrfal: WooJl3nd Jomimt .. -.:1 by D. am.•mmtll & JJ. m,·11:i.-.Jii, ,,i1h open he 11th Jomin:itcJ by E. 
pm,cifTtm,, I J;bh,'.rtin .rpp., /~ 11copogm1 .rp .• l._rgi11io horha111, Hl·gdi11 ciliMa, Sc/10/r:ia .Jp., Stirli11gill sp. & 
I': 11ift•1u. 

WctlanJ: 11:i.~in, woodlallll domin.,tL..J by //. ilicifvlin & M. pl'cininnn, with shruhlnllll domimtL-<l by 
Bc·mif11rti11 .1p., /~1poc11~rmnw Jp., K1111:t·t1 sp. &. Xm1tlrorrlmct1 sp. Trnn~ition zoni:, wO<idL1nJ domina!L-J by 
/J. ilici/tiliii, 11ith !ilm1blnllll dnminatcd bv Kiu,:ca sp., Rc·I! dia inops & Xmrtlwrdm1.·t1 sp. 
Tcm:strfa\: Woodland or 11. nicn:i,•.Jii, IJ. nttc1111flla & 11. ilicifuliu over II shrnblnn<l to op1..'11 heath of 
Ar/cm1111/,0J sp .. X. prdJ.Jii, I', 11imu, F.. pm,cijlora, Sclwft:in ,lp. & R. cifinlll, 
Wcllnn<l; Woodlond of M. pl'cis.lir11u1. fl. /iuumlis, N.florihumlo, IJ. 1m·11:it·sil. 11. 1111~•,wlll11 & 11. i/icifolill 
O\W II lnl\ open to closed scrub or /J. c/1.•g1111J, K. ericlfoli11 t~ 1ldcmmrl,o.J JJJ. 
Tcrrcstrfo l; WoodlanJ of /J. mc11:h·.11'i & n. a11cn11utr1 over rm o]k.'11 hc,11h off. p,mcijlum, R. ciliatri, 
Sclrufr:ill Jp., V, 11itcm, l .ygi11ifl 00,-hr,fn. S1irfi11~r:in sp., l t•ucopugrm .Jpp. & 1/ihhrrtia Jf'. 
Wetland: Upper: Woodltinil of M. prcluimm, ll. ificifofi11, B. clflt•1w111a & lJ. r,11•1i:i1•;ii owr 1111 0\><!11 heath of 
R. i,mp.J, K. t•ric:ifulio, lJ. d 1·gmu, / ,1.•ur:upogun .lp. & Sr/wlt:in sp. Lower: M. ptd.uiflna OI)Cfl woo<lbnJ 
o\"er a 1a\l 01JL'll scrub of K. crici(ufin &. a11~mri(ofi11m. 
TL'!Testrfal: WoodlonJ llominntL'tl by /J. attcmwlll, B. ilicifulill, /1, m.-,d,•.lii & £. 1od1imw, with shrubl:inJ 
J omin.,tcd by Adt•11omhcu Jp .. F.n•nwca Jp., Da.,Jpogrm sp., Jnchollill sp., .\/i,cro:11min .JJ)., Verticordin sp. 
& Xamlwrrlwra sp. 
Wetland: WooJl1mJ Jomin.,1i:J by B. rJ (lemwtn, B. grmufis, ll. ilicifofin, /J. /iuorafil, /1. n1c11:it•Jii, C. 
cofopl,yl/n & ,\I, prd.uimw, \\ith Lilli O()Cn scrub dominated by tlrf,•11q11//, 0 J sp. onJ K1111:1·a sp.; and 
shrubl:111J Jomin.,1 ... -J by Bcmifonin sp., Dasypogo11 sp., lcucopogo11 Jp., Jadso11ia Jp .. Re,:t•lit1 i,wps &. 
,Yr,,.!]1_0..rr!!_~ll}.l!e_ 

Tcm:slriol: Woodland of B. n1c11:ieiii & fl. a110111ara on:r nn open hcalh of E. pa11ciflom, R. cilinra, 
Sc/1ofr:ill sp., I~ 11ifi:lu, l.ygiitia b,uhma, Srirli11gia Jp., lcucopugu11 ·'l'P· & 1/ibht·l'lio sp. 
Wctlnnd : 0pL'11 woocllond of M. pui.nimw & fl. ilicifulia. UndCNtorcy :i bll open scrub of K. ericif11fio, R. 
i1,opJ, II. migmrifoliun, \\ith Lcucopogo11 spp. & Ad£•11n11tlro., sp, oround 1hc perimeter. 

Tcrrcsuial: Woo<llond doinin:ii...-.:1 b\" lJ. al/emuun, B. ilicifoliu 11nJ B. n1t·11: ic.Jii, wiLh shrub!nllll domi1U1tcJ 
by DtUJ'fX)gmr .JJ)., I'. 11i11.·1u anJX~nt/,orr/r(J('fl sp. 
Welland: Woodhmd JuminatcJ by /1. ouem,atn, B. ilir:ifolin, /J. nw,delii, M. prdS.Jfo 11a & N.florih11m/r1, 
11i1h shruhland Jomin.iti:d hy Ad.•11a11r/ws sp .• llL·miforti11 Jp., /J1uypugmr Jp., Ku11:1•a Jp. & V. nitnu; nnJ 
some low 11rcas with 11n 01·crstorcy tlominatc<l by M. prds.Jim,a , 11nd t.nll clos...-<l scnib Jomimtc<l by Krm:t·u 
J/J. unJD11.J_l'fXJl!fJII Sp , 
TcrTeslrinl: wC:~i□nJ dmnin!itct..l by /J. u//('1/1/(1/fl, B. ilicifuliu, B. tflt•11:ie.Jii & E. l(><ftirwa, with shruhbnd 
domin.1 1eJ by Adt·1ur111fw.J sp .. Act1cit1 Jp., E,-enmt·a ,lp., Mucro:amill sp .. R•·gdit1 sp., l'crricordio JP, & 
Xa111horrlwcn Jp. 
Wctl:md: Lnwo1JL-n forL'SI domin.:itcd by B. lit/um/is, ,\f. prd"i""" &. N.jlorilmmla; \\i lh toll OJ>L'll forest of 
C. r:alophylfa on t/11: 11cstcm frinl,! c; nnrl low OJX'Tl hc.ath In tnll OJll.-n scrub dnmirutcJ by B('t11ifimiu Jp., 
A.'1u1:t·a Jp. ,_ f>t•rica(1·111nm sp. &Xa111lwrrlwca .,p. 
Wetl:inJ: Woodland Jomin:itctl by /J. nt1,•1mt11a. B. ilicifofin & N.fforihw,da, with t:ill doscJ scrub 
domirnWd by Bt-m,fortin Jp .. Da.1ypogo11 & K1u1:ca sp. 

T~-m:suiol: WooJJ:mJ domUU1,.-d hy B. ar,£•111wr11. JJ.' ificifvli11, fl. mt•11:ie.J ii & E. rurhimui, with shrubl:mJ 
Jnmirnlc<l by A1!t·1111111frus .,p., Ere11111ra sp., D11s_1pog,m Jp., Jacbonia sp., M11croum1ia .,p., l'cnir:onlin sp. 
&X11mlro"lwmsp. 
Wethuxl : WooJlnnJ to lowo1>L'11 forest Jomin.'.l\etl bl' /J. ifici(olill, M. prt'iuicm11 &. N. _floribwult1. ,1iU1 tall 

\'r5tclatlon Condition 

ilicifulia nmF!! cx1cndin1,: into the ,,·.:il:mJ . Till!£. n1,/iJ is 
in notabh· ~ooJ condition. 
ll1c \'\.'{!elation is E!L'fler.11\y in \°L"f)' pooJ lo excellent 
con,.Iition. howe\"cr, there is somi; droui,:ht stress in lilt! 
Kwr:,·11 .lp . .shruhhmd. 

0.:casion:il stressed mature Mclllfcum 11nJ localised orc:1s 
of dead scrub, othcmisc \ 'Cl,!elulion in exccllcnl condition. 
Young /Jrmhiri JJJp. colonisinl,! b:1sin of d.'.1111111:ind. 

,\I, pn•is.Jimm 11cm-rully in 1·1,.'f)' l,!OOtl lo excellent 
condition. O.:i:.asion::il dead ll. ificijoli11 arowid pcrimctL-r. 
U\r~c 11ri:.as of Jcad sc rub on the h:isin \\ilh somc 
re1; ... 'ller:ition of K. l'ricifo/ir, , 

All pans or the n·get:ition arc in excellent conJition. 

Numerous Mcfah•1,c11 Sln(.!S o«:ur on nnd around the 
wetland OOsin \1ith thc n.maininp, few li\'C stems slxmini,; 
sc1·cre stress. TilC scrub oppe.trs WI)' drou¢i1 strcsscJ 
although K111r:t•a SCL-dlin(.!S h::in: s~-nnin.,ti:d ru110ngst the 
dcatl plants. B. ilicifulia saplings 11rc L-Slnhlishing in the 
lower orcas of t!IC bnsin. 
Tl11:rc arc some senescent M. prd.uim111 on the wctl:ind; 
unJ some Bn11hia sp. s...-c<llinl,!s on tlic wctl:ind, imlicatinl! 
nn in1·:ision oft,..,,-estriol SJ>L'Cics; nnd some Ba11Ja/a sp. 
suips in the tcrrcstriul Yel,!clntion. 

The \ 'cpctnlion is (.!Cncr.illy excellent 10 pristine. 

There arc nuim-roll~ ,\/. pr,•is:timu, st.n~s on the b:1sin, \\ilh 
1·c1y few li l'c inJil'iJu.1b obscf\·cJ. fl1111Liu SJ>,,.-c ics oppcar 
to bc replacing Utc M. prd uim1a as the dominant 
o\'crstorc1· spceics. The scrub is in excellent corxli1ion. 
The nt!cl.ilion is E~"ll"-'11111)' in excellent condition. TI1crc is 
some.\/. pn·i"ia1111 slnl,!S ond strL-ss"--J in<li1iduals. 
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S111J) orE~lu on Lhc G1u11rm ~114 J-,d,lot m.,.,r><I, l "nJcr Sc.:tion J6, J,l~,\I. 

!\hp Numbn I Wdbnd Typr & lD 
Numhtt /Nsme 
(]R66%5 1758) 

Lake (Gi~in Drook 
Laic)(387-l9652539) 

Sumpl anJ 
()8385652763) 

Flooclplnin 88 
(]8-15.U,52772) 

Floodphi.in-18 
(J823 1652928) 

D:imphmc.l 
(]8039652524) 

DamplonJ 
(38 139652681) 

DamplnnJ 
(3812265257-1) 

D.:impland 
(381-1765273] ) 

Conscr-nllon Calt'jtOI')' & 
Onrall Condillon 
D:unplanJ o.:curs in o ,.,,nk bctwct.-n two low dunes running north­
south. Possibly conm .. ~ 1;.,J lo Uic other Ja11111lan<ls in lhis area ol thc 
southern ,.•nd . 
Catq!ory "" I 
Lor~c scmi-1x:m1uno:nt l:ikc. Intact n~cllltion buffer ohhou~h hc.wy 
m .. -cd inf1..-station in inOow. Somc surfocc \\"lllL'f still pn.'S(.'n\ in M:iy 
2004. 

Category "' 1 
l.nri::e swnpl.lnd join,.-J to, nnd fonnint? part of tl,c floodplains SR 
anJ -18. Surfoce ,,uter pres.:nt in June 2004 . 

Cotc~orJ"' I 
Numerous lrac\.:s crosll the fl oodpl:iin leading to \\C\."ll im·asion in 
Joc:ili sc;.'ll arcall, Jkcent fire is apparent in central r..-gion 

C:111.-gof)· = I 
L:irgc fl oodploin ,,ith localised nreas of distUJb:i.ncc in the prirntcly 
O\\lli:d northl.'rTl So..'\! lion (roughly half the flooJplain). The follo\\ifll! 
d1.-scription oppl h!s prcdomin:mtly to the soutJ,,.m S\'Clion ,,ithin tJ1c 
Yco!Rcsc:rve. 

Cntegory= I 
The d:implnnd is gencrnlly in excellent condition, it is loc:r.tc<I in a 
lnri::c nature reserve. The d.'.lmplanJ is dose to :i trod;, how,._•,..er, it 
5'.'\!JlU to be no longer in use ond is quih: owrgrO\m. 

Culegory = 2 
l.11ri:-:e variable J umplnnd with o ,,ide transition zone of mi.,1.-J 
km:slriul / wctlani.l \'C(.!clt1tion. l.11 rgc orc11s of J<.':ld M. prl'i.JJitlna 
andll. fi1torn fi.J. 

Cntcgory =2 
J,:ir[!i.: wetland \\iU1 inJist incl boun<lary. o,,.,-stor1,,•y of Mc/n h•1,co is 
:ill but gone n1though II la\l llCrubofMyrtac1,,-ou.~ S[)l."Cies still 
domin.1t .. -s much of tlll: m:tl:inc.l. 

Cat .. ,,-:of)·"' 2 
Lorge ,·arinblc Jmnplnnd \\ith ob\·ious decline in o,·,.-rstorcy hcalU1. 
Opt.'fl 9."1\lb of Myrt:iCf.'OlL1 spcci,.")I domin:11cs the lower :areas on 
pent soils 

Ccn!1c for C.:u,y,tcm :-bn•!an<llL ECtl. Joonii>lup 2.l l 

VL'j!Cl:1lfon T)'pr / Community 

J1111,i:-ui,wm, ,\~rrtoC('tte Jp., Ht•gelio .Jp., 1/ibbertirl Jp., .11. 1riclwpl,yl/o, X11111l1urrhut•o .,p. & PnterJOnio JP, 
Welland: Open \\\,od land of M. prdu iww, E. m,lis, ll. ilicifi11ia & /J. n11<·1111111a . Toll , tuublam..l (d os,,:d in 
;>1:ic .. -s)of Ku11;t•11 ·'P· & A,J.•1w111tlios .,p. 
T crn.-strial: WooJl11nd or//. 01tcm111to. IJ. mcn:ie.Jii & IJ. ificifolit1 ,,ith u shruhl:md domirutcJ by 
Xu11f/mrrl,m·,1 Jp., ,1/t'fnh•tll'tl .Jp., l'crropf,ifc .Jp. &. I'. ni1c,u. 
Wetl:md: Open forest or M. prdui111m. M. rl"'phiophyff11 & £. mrli.J \\ith an 01,cn 5hruhlanJ or M. 
fcn•1ifuliu nnJ s,.'<lgdanJ or I..J.•pitlo.Jp1.:rnw .Jp. Around the wetland ba~in, v.:getntion b\.--.;omc.s a low clos,.-d 
fores\ of ;1/. rl,r,pl,iopl,i•f/a ,,ith M. t<·r,•ti(ofia dominatinp. the w1tlcntore\·. 
Terrestrfol : Woo<llnnd of IJ. n11t•mmfn, 8. men:ic.J ii & 8. ificifiifir, \\iU1 a shrubl :md Jomin.1\ed by 
X1111thorrlmrn .Jp., M. Jc11bm., l'ctrupliih• .Jp. & I'. 11ifc•11.f. 
Wcllimd : Upper floodplain ; Woodln.nd ofM. prciJ.fin11n, IJ. li1111mfi.1 \\ilh n closed heath of /J. ef,·gn1u, 
Cn {rtrl\" Jp., f:1·,·m,1,·n JJJ. & };_ ericifcilin. Vc~cl.ation becomes closed forest of E. mdi.r. M. pr.-i.JJimm & M. 
rlwpMophyf/r, in 'tlll: south1:m (lower) section. Lom:r fl oodpl:iin : Woodl oni.l of M. prd.!J ir11w & M. 
r}wpl,iopl,yfla ,,ith nn open hc:ith lo t.1II opc:n scrub of A.Jlf11W1l "P· & K1111:ea ,·ricif11/in. Lo wer orClls 
ai.ljacenl to open waler contnin M. /ntl.!ririn clos .. -d tall shrub \\ith admixtures of A'. ericifofia, A.JWrt1•11.1p. & 

IJ. eh·g_mu. 
Tcrr,.-strial : WooJ\untl of//. nffl:mlQtn. B. mi:11:icJii & B. ificifofi11 \\ilh n shruh]ani.l do111in:11cc.l by 
Xuntfrol'rl,m.•n .,p .• ,1/c/11fcuct1 sp., Pelropliife Jp. & I'. t1ito:1u . 
Wetland : Up1,cr Ooodplain : WooJland ofJf. pr..•Usimin & D. lit1oroli.1 \\ith II closcJ h,:oth of D. eh·gmu, 
Calytrit .Jp .• £rcm11e11 .1p. & K. ericifofia. VcgcL1tion becomes d osed forest of£. n11/iJ, JI. prci.J.Jia11n & M. 
rlmpliiopl1rlla in the soutlx.m (lowl.-r) section. Lower fl oodpl:lin: woodlnntl of A/. prt•h..JinM & M. 
r/111pl1iopl,y/fo \\iUt on open healh of ~btartt·a Jp & K1111:co L•ricifolio. Ch:mr,,:I: 'foll closed Shrub or M. 
fmcritin \\iUt 0J111ix1urcll of K. erici[olio. Aslartt•n Jp. &. B. d ,·1:otu. 
T1,,"1TCstrinl: Woodland of D. att,•1111t11a. B. n11:11:il!.Sii & D. ificifiilia \\i tJ1 11 .shmbl11nJ domin.ited by 
X1111tlwrrl10t•a .1p .• Mdnfc1lt'a .Jp .• Pctropfiih• .Jp. &. I'. nite11.J. 
Wcll::inc.l : The upper noodplnin consists orn low 0 1)CI\ lo closed fores! of M. prd.J.Jin11a \\i th 8cu11fonill sp., 
Eren,at·a Jp. 11:.Xnmltorrlwco sp. In the channel, M. prci.uin11n &. M. rl1apf1iopllyflt1 fonn n low open to 
clos...-d for1.-st \\ith II tall open scrub or M. 1cr,·tifolia. M. fntcritin & 1,..', cricifolia. i1 .11nnca JP, & 
l.cpirft!l]H.'n,m_.J.P, OCCIJ! in U1e _g~_ll. 
Tcm:strinl: J\ woodland of 11. att;.•mlQ/a, D. mm:icsii o.nd B. ilicifafia. 'Ille W1dcrstor~1· is domiMt,.'tl by 
Xnmfwrrhm:n .1p. and Eremt1ca .fp., \\ith some I'. 11i1em, M. triclwphy ffn .'.Ind /lihhcrtia JJI. 
Wetland : A woodl:md O\·crstorey of D. n//cmwrn, B. ificifolio. N.florihrmrln nnd M. prciJ.Jia11a. With II toll 
op,:n scrub of Ku11:l.'t1 Jp.; anJ up from the centre II shruhl11nd of ,\'11111/wrrlwco Jp., AJltlrtct1.1p. :inc.I 
Dn.1_1pogrm .,p. 
Tcrr,.-strfol : WooJ1and of E. nmJ¥i11nto, IJ. nit~1dt•sii, ll. ,1110:mwffl & D. iUcifiifin over n shrubfond of 
Ad.·m111tlios JJ',, f.'. pnuciflorr,, H. ciliciw, lc11capoga11 ,lpp., I'. 11i1,•11.J & Xi1111/,o,-rl1rx•t1 .Jp. 
WctL:rnd : Woo<ll.'.lrltl of M. prei.uin,1t1, N.florib1111rfu, n. fi11arnfi.J, n. Uicifofin, n. n11,•1111t11n & IJ. n1,·,i=it·.1 ii 
owr an open to closed scrub of K. criclfofitl. Xan1J,arrhaca sp. & D11.J.\p<JJ:OII bromeliifotii•,. A.llnr11.•t1 JJJ. & 
A·ricr,(,.mn//1 .Jp. shrubland domi.nnl1.-s the lower arc11s. 
Tcrrestrinl : WooJ\unrJ of D. mc11:ie.Jii, B. altcmmta, 11. ilicifufin \\i U1 a shrublanJ of J.'n111/wrrl,0M .Jp .• 
Ht-gdia sp., En.•n1act1 .Jp., U11copoga11 Jp., /libbutio spp., M . .Jcnbro. llos.,iaea Jp. •me.IM. 1ricl,opf1ylfa. 
Wetland : WoodlanJ of M. pn.•Usin11n, Da,Witl mr:11:ksii, ll. mte1111t1tn und //. ilicifiilio P:'-'fl1.-r:illy restricted lo 
the p,..-rimeter. UnJcutor..·y n I.all OJk.'fl scrub of /Jcnufortin sp .• Ku11:ca .,p. \\iU1 Dru.rpogo11 .Jp. in gups 

TcrR-striol : Woot.lland of fl1111bi(\mc11:il.!sii. B. ot1t•111,a1t1 ,(: /J. ificifolia o\·cr D shrubland of 1ltll'11n111lio.J sp., 
En·marn pmiciflorn. H1.·gclia r:ifima, Le11copogoi1 .Jpp .• l',·rticorrlin t1 il1'.11.J 1.~ XnmlwrrhOl.!a .Jp. 
Well:inc.1 : Wood1anJ of M. prd.JJim"'· JJ. littornli.J, n . ificifolia, /l. a1tt·m1n1a & ll. mc1a:ic.JU O\'CT on open 
hcoth 10 tall open llCrub or ficu11fortio clcgaiu. },.'1m:t•t1 cricifofin, A,l.'11m11/,0J .Jp., Xn/llliorrl,a,•t1 po:i.Jsii & 
On.J_1po~o11 bromdiif'Eli1u . 

Vrs;:ct:ation Condition 

occasional tkad /J. ificifolit1. E. n uli.J :ipp,:ar hc:1lthy. 

\VC\.xl im·:ision predominantly annual ~rosscs in inllow. 
V1.1?etntion execlknl to pri~tinc. 

E. 111diJ in the oonh west Sl.'\!tlon show sign.1 of stress. 
Sor11e die-bad; upparenl in U1e terrestrial wge111tion. 

Rccc-nl fire(< 2yrs) in ccntrol ~ction has cuus,.'U some 
death of Myrtaccous shn1blands. 1'111,crbar\.:s oppcar to he 
"-1!'-'flCrJting. well. Somi.: :iggr1.-ssh·c W\"'\.'Us nround vd1icle 
lrac\.:s (c~. Mc11tlm sp.). Dic-lxlck apparent in i;omc 
s,:clions or h."TI .. -st rinl \"Cgctntion. 

W1.-cd inn1sion :me.I di,.._b11ck is :ipparcnt around tJJC ,·chide 
trnc\.:s. Some patches o f terrestrial , ·cFcL1tion con1.:1in 
nwncrous dcod Bm,bin spp. 

The condition of the \'C(.!Ctulion is in excellent, \\ith 
occ.:isiol1.'ll lln11hia .Jp. ond M. pl'ci.Jsin1111 stag s 3nJ 
slresscd inJividu.ab. 

Patches of dead uni.I stressL'U ovcrstorey sp,..--.; ies al!.houp:h 
most tm.:s in p:ood hcnlilL Untlerstorey in exccliL'fll 
condition. EviJencc ofr,.'\:ent l'irc. 

Only II few M. pri:iSJia,111 r .. ·nrnin around the perimeter 
\\ilh numerous slags present on lhc wetl,mc.l basin. Lnr~c 
potchcsof Myrtnccous tall ~rub nrc Jeoi.J or ,·cf)' strc5Si..'U. 
Some dead Ba11bitl .lpp. ore pr1,,-s1.'ftl in nnd arountl U1e 
,,-cl.land. Vl·~clation 11ppcar.r to~ ch:uip:inp lo a more 
terrestrial community structure. 
Approximntcly 30%ofthe M. prci.Jsim1a ore JcaJ or 
strcsscJ. Some r..-ccnlly J ead n. 11t1e111mta nm! n. ificiji,fit1 
occur along \\ith dc.iJ 11:itdl!:s or Myrt.1ccou1 so: rub. 
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Map Number I WcllandTypc&ID I Conun·a1ion CalC"J1,or-y& 
Numhu I Name On:rall Condition 
Darnp!311J 
(379876527%) 

Damp1M1d 
(]7981652582) 

Dampfaml 
(38030652677) 

l>Jmp!:ind 
(3800%52550) 

Damplnnd 
(380H652.295) 

D:nnpl~ml 
(31W2665264] ) 

Dampland 
(3803J6526ll) 

Dampland 
(3 8036652738) 

D:implaod 
(]8~6652635) 

Cotcgory"' I 
Sm:111. st1.-cp sid,.,J wctlnnd supporti~ \'cl)' dense sh1nds ofwc1]11nd 
lrL-cs with II cloS(.-d tall scrub of111yrt11cl"OUS specie~ Locally uniquc 
vcgclnlion compkx suggcsl~ this site i.~ \Wiler than surrow1ding 
dm1111l1mds. Moist. organic scdimL-nl. 

CalCJ:!Ol"Y"' 1 
The dampland is l{l(:nlcd in II larj!C mturc res.:r..-c. The damphmd 
ha.~ □ distinct b.1sin ,,iLh s1t:e11 sides. and is in e:,.;ccllt.,,1 lo pristine 
condition. l11erc 11rc some very larpc ,\l pn•iuimw trees that nrc in 
exccllcnl condition and some .I/. p1vWimm saplings in the basin. 
Tlk! basin is quite Jamp. There is also some Pt,.rhli11m c.m1fr111um 
ini.li\·idl.1.'.115 in Ilic basin. 
Cnlcgory =2 
L11r1,?e <l:unplond JnminalL-J by tcrrcstriol \·egclolion o,·er much of 
its ore.a. Wetland sp1..--cies domiri.1le in lhe lowest nrca in the north­
east. 

CalcgOf)" = 1 
Tlk! Jampl~nd is in cxccllcnl condition. it i.~ largchllL-dium sized 
and is in a in II lnrp.e n:iturc l\:Sl."f\'e. The Jompl:ind h.1s n road 
throuph the southern tip, howewr. the rood appears lo pose no 
directsignific:intthreot. 
Cnlegory=2 
Th..: dampL11xl is slcci>-sid .... -J, \\ilh 11 r:ipid ond distinct trnnsilion 
b..:IWi.'Cn tcrrcslriu\ u.nd \\ctland \'Cgetotion: \\ith some \"Cl)' large .II. 
prt•iJ:si"'w present. 

Co!cgory= I 
No descri11tion j!i\'en. 

C11tegory=2 
Some lcrreslrial plant species appeor lo be innding tJ1e dmnpland . 

Cnlcgory= I 
Snlllll dumplnnd in~ ~IL1llow sw:ilcjust west of the l:irf e D:m1pl11nJ 
20. The wclbrxl slopes J o,rn lo o lineor orco of wetland ,·cgetolion 
on II lo::im soil \\ilh hcollhy m:ilure trees and s.:iplings / S1..'\.-<llings. 

Cntcgof)· = I 
No description gi\·en 

Cmlrc forE~o1y1l.om ~!.an1~<rnrnL ECLT, JoonJ..olur 

Vl-gclalion Typr- I Communlry 

'l'l-rn-striol: Woodland of£. 1odtit111a, n. nll!n:.ic.fii & n. attcmiutc, 0\'cr A :-hruhhmd of Xamlwrrhoco Jp., 
Ri-,:dia cUit1la, M. :sr:tihm, /JoJ.fi/l('tl !ip., E. par,ciflom ,~ 1/i/Jbt•rria Jpp. 
Wctlontl : 0:ix.,1 tu dosed forest of M. prd.uitma & fl. fiuurnlk Undcrslorcy a dosi..'ll tall scrub of K. 
r:riclfolia, Amirlt'tt JJ). & ,\!. 1i•,·•·tifoli11. Upper littor.11 zone II s.:dgclanJ of Lepid1>Jpi•rnm JfJ. 

Terrestrial: A woodlimd orn. u11r.:mw1a, fl. ilir:ifiilit1 & /1. mm:inii, with" shrubl11n<l urxknlorey of 
Ath•nu11thoJ :r.p., A:r.larli·u .Ip., Er<!nia,•u :sp., l/ihhcrli/1 :sp. & X11111Jwrrl,oc11 .1p. 
Wetl11nd: TI1c pcrimckr oflhe i.l:unpland is \\-oodlun<l of M. prd.JJi111111, n. ,111r.:mu1ta, /1. ilit:ifvlin, ll. 
m,·11:i1•J ii, & Nil)"tJi/1 JP, With o closed loll scrub in the h:isin. eonsislinp prinrnrily of Kw1:c" Jp., ,1ith 
occusion.11 Acnciu .fp. nnd S1.-dgc ~iii.-cics. 

Tcm:strinl: WooJl:ind of£. /()(f/inm,, 11. nie11:ieJii & n. r,111:111111111. UnJcrslorey :1 shmbl11n<l of E. pmrciflom. 
Adr11n111h11J Jp., R. cili1m1 & X1mtlwrrlwn1 .rp. 
Wetland: ,,uoJland ofM. pr<'i.uirmt,, n. ilicif1>/iu & fl. u11c1111n/fi with u IJ.-nuforlin Jfl., Ad.·11r1111/wJ JP, & 
!.tiniwulra .lp. shrublnnJ. Lower areas iire domin:ilcd by 11 E. 111di.l, M. prt'i.uimm & /1. ilir:ifiJ/in m"lO<!land 
\\ilh 11 11111 open scrub of Dt•m,Jortin Jp. & Kr111:,:r1 cric:ifvlin. 

TL-rreslriul : A woodland offl. 1111,•m1tJ111, 11. ilicifalia & /1. mc11:ie.Jii, \\ilh II shnibland understorcy of 
A,l,mrmlhaJ .Ip., AJtrJrlim .Ip., Ercn,ui•a Jp .. 1/ihbcrtia :sp. & Xa111horrh0<·a .lp. 
Wetlurv.J: A \,·codJond lo op1.-n fore .st O\"CNlorcy of E. n11/iJ, M. preiHia11a, n. lilloruli.f &. Nuytsia .Ip. WitJ1 ll 

Ulll open scrub of Adc11muhaJ Jp., Betwfor1iu Jp., /~1poculymmn :sp .• Kwr:,·11 :sp. & Xm11horrlw,·n Jp. 

Ti.-rreslrinl: Woodl □n<l dominated by /J nllt'll11tJltf, ll. n,1:11:ic.fii & E. 1r,drif11w, with II shrubl.:ind domin:ilL-<l by 
Acacia Jp., Bi•uufortia Jp., E. prwciflora, K. crir:ifuliu, Sc/wft:ia :sp. & Xm11/wrrlux.•a Jp. 
\Vctlon<l: nasin. woodland dominall.'J hy E. 1111/i:s & M. prci.uimm, with II tall op1.'tl scrub dominuted by 
AJ/tirtca .fp. und Krmwn Jp. Tran.~ilion \'egetation, 11 wooJlnnd dominalctl by fl. a11,•11ur11n, D. mc11:icJii, E. 
nuli:s &. .II. prc~:simm. With 1111 op1..-n hcoth domin:itL-J by ,/Jturt.•a Jp., Ku11:c11 Jp., ,\ft1crowmifl JP, & 
Xa111h1>rrl1oc11J, 
Terrestriul: A woodl11nd of D. 1111emm111, ll. ilicifoliu & D. nw,i=ic:sii, with a shrublnnd of Arlt01MmthoJ Jp,. 
Ereniaea Jp., [.c11copogm1 ,fp., Schofl:ia ;p., l'cr1icvnfin JP, & Xt1111hvrr/10(·a Jp. 
Welland: A woo,Jland of /1. littorofis. M. prciJJirmn & Njlorihwula, with 11 shruh]un,:J of 11,·m,ji.mili ;p .. 
11J1nrli•u ;p. & /'eric(l~l'ninw Jp., \\itJ1 n closed I.a ll scrub of J.:1111:en JP, and 11 sedge .sp1.--cics in Ilk: centre of 
tJicdampl:r.nd . 
Terrestrial: A \\"oodlanJ of /J. ar tem1t1lfl. n. ilicifo/icJ & B. me1de.Jii, with II shrubland tm1..krstorey of 
,11/.•1,a/11/,0:s JJ}., Er,•null' fl Jp., Lt:ucopogon JJ)., Scho/t; i/1 :sp., l'erticordin Jp., & Xw11horrlroet1 Jp. 
WcllnnJ: A woodhlnd of B. ilir:ifolia & M. prdJJia11t1, witJ1 n shrubland to toll open scrub of Adi.•11u11tl1nJ .1p., 
lkm1(or1in .Jfl., 1/rpoculrnimu ;p, & Peric:u~rmmn :sp 
1'1.-rrestriul: Woodland of E. 10tftimw, /1. n1e11:ir.fii & B. m1emm1a. llndcrstorey a shrublnnd of E. paueiflo,·a, 
Ad,·1w111/wJ .Ip., R. r:iliatu & Xm11ho"l10M JP, 
Wellmxl: Woodland of E. mdiJ, M. prciHimra, B. ilir:ifiiliu & B. 1111m11t1111 onr nn open scrub of /lcm,fortiu 
sp. & Ath•11mJ1ho:s JP, Lower zone supports II low op•en forest of E. nufiJ & M. prei.uia,m \\ill1 :i shrublond 
of tlJlurlM sp & I'. eflipt ir:1 1m. 
TLTicstri:il: /1. woodland of/l. 1111c1mt1fa, /J. ilir:ifiiliu und B. mo:11:it•Jii, \\itJ1 o shrubland of Ark11mr1/w.f .lp., 
En•nmc(l :sp., Lc11c1>pog1>11 Jp., Sclwlt:fo sp., l'l'r/icor,liu JP, t~ ,\'n111/wrrli0<•n .1p. 
Wetland: /1.n open forest of M. pn•i.J.fimw. \\ith n tall closed scrub of on[\· K111i::t'll Jp .. s11rrnWl<lL-d b\' 11 

Vcp;cl:alion Condition 

Pristine wetl11nd. D,:nsity of lrl'CS and :,hrnbs ond presence 
of M. ren:1if1>1in make this a loc:11ly unique wetland in on 
unu.molJy·•wel'·silc. 

Some of the up-slop,.: ,\/, pn:i.JJimm arc in poor condition, 
ho\\\.'\'er, others nrc in excellent condition, as is the 
shruhlnnd und the lerresuinl \'epetntion. 

South: Some dead nnd stressed /J. ilir:i{iifiu, otherwise 
\

0egeL1linn inexcellenl corxlition. 
West: Roughly 50%, of£. nu/iJ \"Cf)' stressed . Some 
rcc .... -ntly Jc.:1d. Myrt.,cL-Oll~ scrub shows .~igns of Jrouj!hl 
sires.~ 
North West : Meb!cuca sings amon~t hen I thy i1x.li,·iJu:ils 
Some stresS1..-d E. mrfi.J. Some fL'CL'lltiy dend /Jm,hirJ spp. 
and Jorge pa!chcs of Jeod Myrtoccous scrub. Obviou.~ 
sipns of droupht stress in o,·crslorcy nnJ tm1.kr..torey alon~ 
west side. 
lbc /1. /i11rm1/iJ, M. prl!i.uim/{/ & £. rm/iJ on lhc higher 
1,!rullJld. □re □ II in cxee\lent lo pristine condition. llom-'\'L'T, 
the E. nufi:s □n<l M. prd.uimra on the lom.-r ground 11re 
\"cf)· slresscJ. \\ilh the occasionol M. prt'inimu1 stog . 

The mojority of the£. nu/iJ appear slrl-s....cd, \\ith 
numcrou.~ dead£. nrdiJ stems on the basis, howc\·cr some 
£. mdi.J rlimls nrc in exce\len\ condition. in partieul:ir the 
more moture im.li\·iduals. The M. prci.J.rinnn trc1..'S arc in 
excellent condition. TI1cre is some f. r,u/iJ nnd M. 
ordJJif111t1 s..1plin!!S 11rowxl the i.-d!!C of the b.1sin. 
Tik! wp.etnlion is in excellent condition. \\ilh M. 
prdJJi(I/"' s:1plinps. 

The condition oflhe lcm:strial \ 'Cgctalion is excellent. lbc 
M. prduirmn population is senescent but \h·ing . 

£. nuli.1 in exccllcnl condition ,,ilh nurnerom s:iplinp.s in 
U1e !owes! :ireos . .I/. prL'iJJ i(I/Ja p.1.."Ticrally p.oo<l ,,i1h some 
scatterL-d st:Jgs in the upper perimeter 11nd occasionnl deod 
/Jmihia Jpp. Undcrstorey cxcellenl. 

1nc \ 'C~eWlion is in nn c:-.:ccllcnt condition. 



S1uJ} .,r EUlh "" th,: Gn,,.~.,• a11J J,.,J,l.,t ..,, .. ,iJ, t :1111,:, S-,~1ion J6. 1-1:,.,\1. 

1\1:ap Numhcr I W\'U:ancl Type & JI) I Cnn1 .. •rn1tion C:ill'jtor,· & 
Numlwr / N:inn· On:r11II Co ndllion 

2035 111 NE 

Damplaml 
()8051«',52554) 

Dampl11nJ 
(JSOK36527l•I) 

l):unpl:1ml 
\Jti0786S2-133) 

D;m11•lan<l 
P80->06526JJ l 

D:1mplnnd 
(311082652192) 

l>Jmpland 
(380886522 50) 

Dampland 
(38097652-.l? I) 

T:u)!!kloc Swamp 
(37607652972) 

1);1mplu11d 
(377')7(,52'.)RS) 

DamplanJ 

Catq.!o~· = I 
The J;uupbnJ is ~cn,:ral\y in c:\cclknt cnnJilinn. Tl!<! JampL1nJ is 
loc:11,.-J in u n:ilurc rc~r\"c clo~ to otl11:r Jmnpl:mJs. ·1111:rc is n 1n:1J 
throu1,:h p,1rt or the JumplanJ. 
C.itci,:.u~• ;. 2 
Large dmnplaui.l join,."ll tu nonhem end of J.1mpl11nd 20. Large Ila! 
basin ,,ith mixed kneslrial / Wel land sp1..-..:ics. 

I.urge nrc.is ortra11silion ,·cgctotinn. 11hich c1lflsisl~ of the lcrrc.~uinl 
1'c(!clu1ion plu.~ st.u1~s or M,·frtl,·11c11 /ll'dJJit11111 m~ shrubliu~s of 
K1111:(·11 JjJ. Areas ofpcaty soil in h.1sin. \\ilh Jlcla/1·uc11 prt'iHimw 
S1..-cdl inps nnJ saplings 

C□tl·go~· =2 
Thc damplanJ UJll'L'ats to bc 1'1..-..:omin~ in,·atlcd \\i lh ILTIC,\lrial 11lant 
SIM."Cics. 

Cntcgory· = I 
A pcuty Ml il founJ in the b:1sinof1h1: <lampl:mil suppi.ms an Olk.!11 
foresl of II. /illomli.r mxl ,\I_ pl'duinna. Thcrc has prc1·iously been 
n lire. which h,1s had II lnrgc i1111x1ct on th~ wpclnlion of the 
J nmplanJ, ]-.,.Jw1..••.-L-r thc , ·c(!ctnlion. 11ar1icularly lhc .\/. pn:i.uiam, 
arc rc(!cnerali!!I::. 
Catcgor,· = I 
The J nmplanJ is lo,.:aleJ in a br~c naturc ICSL'f\'C close to a rood. It 
shows ,·ir1u.1l1y no sip.n.i of Jistwhancc from sunnundin(! lanJ USL-s; 
nnd i~ in ~n excellent condit ion 
Catcµci~• :: :? 
Thc JompL1nJ is (!Cncrall) ' in cx..::clk,11 conJilion. hn1,c,·cr there is 
a n1:1d lhrough lhc midi.lie ofil. The Jnmplund is loca1cJ in II ltir(!c 
urcn ofrcscrYc nnJ so has :1 con.~i<lcrahlc buffer from mosl lantl­
uscs, cxccpt for lite mad through it nnd !he small pine plan1111iu11 
ncnrlw. 
Calcµo ry = I 
l'1istinc 1,ctl:md in cx1c1t~i\"C rcscr.·c of undistwb1..-J wgctntinn. 

Cnlc(!<'f)'"' 2 
NoJc.,;criplion(!i\'cn. 

C.itcgory = 2 

Cn11f~ for E.....,.plmi ~lv»!mimL EC\ 1, JoonWlur 

Vl,tCl:tllon Type/ Communlly 

1n~l:inJ ur /1. mtc:111111111 :111J JJ. ilicifi1 li11 . ,1ith II shruhl:mJ nr .-ld,·,mmlm.1 .,p., A:1111:,·11 Ip. anJ l'1•rh:,1~rn111111 

Wcll11nJ: An o~n mlCIJJn11J on: rslorcy of /1.'.Jlorih rmrla. JJ. ificifi,li11, JI. liuuruli:r, JJ. m,•1d<•.1ii, :mJ I:'. 
l(J<liium,. Wi1h a clo...:J t.:dl S1:ruh umh:rstori:y of A1h·11m11lm.1 .,p .. J..',m:m Jfl., lkmiftJrtill :rp. mul Sdmh:it1 
J/1, 

Tcm:s1ri11I: WooJland of E. 1mltimw, D. nr,·11:it·.1ii ,\: ll. 1111~•11ul//t1. Uu<lcrstorey a shrnhland of f . 111mdjlora. 
tlth•1um1/io.1 .rp .. R. cili11fll ,\: Xn11tl,or,·lun•11 .rp. 
Well:mi.l : WooJl:nxl nf E. mdiJ. M. prt'i.uimm. N. flori/iundti, IJ. ilicif,ifia, JI. (11/cmu,ta & II. m.·11:ii.:.1ii 1r\'c1 
H shruhland lo tall open scruh of Xt111t}1_1irrlwn1 .rp., Kw,:1:11 i,:,-icifi, firt , llt-1111fi,nin .Jf!. & .-ld,•11mrtfw.r .rv. 
Tc,rcs uinl : A woo<llmxl of /J. a11..:1111nta nnd //. mc1d••., ii. 1,ilh lll1 Olk.!11 hcnlh or Adcm1111!,0J .1p., M. 
triclwpf,y/111, /',·1mphih• JJJ., R.,•.l!l'li" Jfl .. /".:nicurdifl JP, □nJ X1111tlw, ·d,11,·fl .1p. 
Wcllnn<l : Basin. cloSl.!d forc~t of M . pr.-i.uimm. ,1i th :i 1all np, .. ·n scmh or K1m:,•t1 sp. , mxl u \'Cf)' 01-..:11 
scdpclantl. An op1..-n forest nr f:. 1w/iJ nm.IM. pr<"i:uiima, \1ith a 01-..:n hc:ith or K,m:,·a .,p . Shrubland of 
lkm1{E_rtfo JP, &. Paict1~rmma .1p,. 1\ith /.t'j)itlmrp1.·1n111 Ip. 
Tcncsuial: Wixw.l land domin:1tcJ b~· fl . attnwnw. /I. ificifi,/in & II. n11•11:ii• ,ii. 1,i1.h a shruhl1100 unJcrslt•l'e~· 
J ominalcd by A,l.:,mmlmJ JJJ., F.r,•nma, .,p., l.t·11cupoJ:m• J/> .• 1-....-ti<-11.-ilill Jfl. & Xa111l1ol'rlm,•u ,p. 
Wetland; WooJJ;mJ to open wooJl11nJ dominated b y n. ilicif11li11, .\I. pr.:iJJim,a & i\'.jlorihmuf11, \1ilh a tall 
opcn scrub Jomin.at~"t.l b~· ,-ltfmmulw., Ip .. /Jt-mtforiin Ip .. A.w1r1.•11 JJJ. &. l'.:ric11{\'mnm Jfl., \\ith occasional 
IJ11.J17J1JgU11~0~ 

Tcrrcslrial: /I ,,·oodlorxl or /J . ut1t·1111mr1, fl . ml·11:ie., ii, F.. 1111/LI & t:. wrlti/11111. 1,ith an opcn hcatli o f 
f."rt•1ur11·a .fJI .. Rcgdin Jfl. Sclwlt:iu JJJ., J'i.:nico,-di11 JJI. und .'t't1111l101 ·d111n1 .,p. 
Wcllruxl : nasin, an opcn forest of JI. pr,·is.rimu, an<l /l. lillom/iJ, 11ilh n shrubland of IJ,·mtfortill .,p .. A"1111 :.-1J 

:ip. and l'aica~rmma JfJ. 1,itl1 l.,·pid1up<.·11ua J/J. Transition \ 'C(!Clnlion. a lllX><llaml u,·crsiurcy uf /l. 
a111·1wntn. /J. ificifolia. B. m,·11:ir.1U, f:. nu/iJ. M . prd.1Jilmn, and i\'.jlarib,mdn. wi1\1 n shruhland of 
A,l,:,u111tho.1 ,p., AJtan..-ir Jp., B,·nufurtia Jf1 .. K,m:(·a .ffJ. an<l /',•rict1/rm!!J11 Jp. witl1 Upitlm p.:rmu J[', 

Wetland: A low op1.."ll forcst nf JI. prt'i.ui111u1 & n. mt,·1mat11, with shruhl:mJ wxlL"fslor"-"Y of R,·,:t'lit1 J/J., 

R,·mifurlill :ip., Xa111/wrr/10,•1i Ip., 1: 11i1,•m. lu~1·1rfr sp., , lt-acia Jp. & 11 Jiwrsity of .l(1·,-1acnm1 shrubs with 
dUIU)lS o f DoJ_rpogm,. 

\'c11c1;itionConditlon 

Tli,: comliti t,n of the wgclalion is gc11t.-r.1llr cxcdlcnt \11 
pristine. thl,·e is sc:1llcrl"ll <lcaJ 11. a11•·mu,111 anJ some .II. 
11rdJ..rim111 ore scnesccnt but othen,i sc a111,c:1r hc:ll thy. 

Sl•mc k>c.1l iscJ patches uf <lead scruh with o,.:casional Jc:1d 
and strcs.,;,,,"t.1.11. Jll'd.uiwu, and 8a11J.Jin JpfJ. A few E. 
nu/fr and .I/. pn•iJJ itma Sl.!1..'l.lling~ c:111 lk.! fowiJ in lhc 
central arc:1. 
The condilion ofthc 1·cgclation is excellent. \\i lh some 
flwrhia anJ JI. pr.-iJJl/111(1 Jc..iths. □nJ l1>c:11i scJ 11rcas or 
dcai.lMi·rt:icl"(llL~scruh. 

Sii,:.nific.1nl Jc:1th of lhc .\(1·nt1c.·uu1 shrubs; somc tree 
st:l (!S: J1..-..:rc:1scJ d1..'ll.~ity in htllh lhc owr~to1cy an<l ll,c 
unJculorcr. nith o i;encrol kn es trial lr1..-rxl in nrc.1: and a 
,·aricty of si;,.c classes in 1hc M. p1·ciuiu1111. 

The .II. prciuimm open forcsl is rc(!cm."fll\in(! from n 
prcYiou.~ fire, hul arc ulhcmisc In cxccllcn1 coni.li1. iu11: 'Ille 
t:. mr/iJ is notahly in cxccllcnt conJi1ion: and lhcrc tnc 
sc:11\crL"ll dc:1d JJun ksiu JflJJ- up-slupc 

Thc con<lhion of thc \'C~ct:1tit,n is c;,;1:cllenl In 11ris1inc. 

T1..'TTcs1.rfal : A woodlmxl of fl. 111t1•1111(1tn and fl. me,dt•Jii, \\ith occosion.al M. pn•i.ni111111. Wilh a shrublunJ I llic vcgctnlion is gcn~-ru ll r in cxcc\lcnt condition, \\ilh 
undcrstorcy ufXm1thorrl,u,•11 ,p., .\~rr/(1<:•·mu J/in,/, JJJ., Kwt:•"" Ip., JI. triclwpliy lla & Adc11w1tlio.1 sp. minor loc:1\iscJ tlwu(!hl stress in Ilic A"rm:m and.\/. 
\Vc1la11J: A wooJlmW of ,\/, prd.uiuim. witli cln.-;.;-J tall scrub of Kw1:<"11 J/J. & lk111tfur1i(/ Jfl prdJJir/11(/. 

Terrestrial: Woo<llan<l to op,:n \\'1Xlll land of E. /{J{ltimu,, Jl, at1rnum11. fl . ilicifolia & /l. mc11:i('.,ii. I Some isola1cJ J ,:ud /Jm,k.J i11 occurs on tl1c friil(!e of lhc 
U11J1.."Jslorcy is Jominatcd hr llibb1·,·tin Jp .. X1111tlm1Tlw,:11 .,p .. Ct1/u1/1111P11111.r lp., Stirli11giti lt11ifuUt1, wcllanJ Othcr.1iSI.!. 1·cpc1:i1ion is in pristine condi1i11n. 
11Jtraloma Jf'. & ( )'f'(.'l"UC..-lle Jf'p. 
Wctland: Species rich com111w1ity will1 a mixlwl! uftcncslrial an<l wctland planls. 01·nsto11..·y .:,msisls ofa 
110,>dlanJ of .\I. pr.:i.uim111 ,\: E. 11uli., 11ith //. a11.·mum1. 0. m.·11:it·.,U & fl. ilicifi,1111. Di,·cr~ undc1 s101cr is 
u lull shruhlan<l of A'1111:c11 :,p. & A1/c111m1lwJ :w. to an 1111e11 heath of .II. 1riclwpl,yl/11, 81•111tfar1i11 Ip., 
J.,·ucupugcm :ip., L<'j)itlo:ip<'111111.1p .. A.11r,n.·11 JJJ., \\itl1 Co111u~rli.1 Jp., X1i mlwrdw,·11 Jfl., Pi.:miphil.· .f/J, & 
1/it,/,i.:,-,iti .rpp. on the frin(!C . 
Tcm:strio l: W,;xxl]and dominalcd hr II. 011,·111u1ta, II. mc11.:ic.,ii, E. t1Hlli11m, &. i\',flurihwu/11. Wilhu 
shrublan<l un<lcrs1orcy dominalci.l b)' Adm111,1liu., .,p .. E,-am11·a .,p .. J ... ·11.:1,1"-1}!/J/1 Jp .• Macro:a111i(I Jfl .. C 
Hlll.l!Ui11<•11.r. J/1:gdia Ip., I'. 11i1,·1u, & X11111Jw rrlu.11.•a JP, 
Wetland: A JI. prduiu1u, wooJlmxl . ,1ith a cJos,."t.1 hcatl1 domin.'.ltcd by fl. ,·h•>:mn, .-htar1t•t1 Jp. & 
f /11,oca~rmma xp. 
Tcncstrial : Woodland <lominat1..,J by fl. t11tC"1111111a, B. n1c11:i,·Jii, E. todtiunu & ,\'. _/1orih111ula. W11h a 

There is c1·iJcncc ofn prcl'iou.~ fire ; some M. /lf<' irJimw 
trL-..:s ore strcs!>CJ, Inn olhcrwisc llic \'C(!Clalion is in 
c-.;ccllcntcondilion. 

"Ilic \"C(!ClaLion is i::cncr.dh· in cxcdlcnl con<li1i<1n: thc 

' ,. 



n 

r 

Study orEWR• on Lhc Gn•n! u• ,nJ JanJ>1 '1t mwn.J, I lndcr Se.,lion -16. ~1S,\I . 

Map Number I Weiland Type & ID 
Numher/Namc 
(378S2653007) 

Dampland 
(3787%52913) 

20JS II NW I Dcqiwuter Lagoon 
t]8881652828) 

Conicn·ation Calej,\ory & 
On•n\lCondillon 
E. nuli.1 & M. rlwphiop/,y/111 St.-.:Jlings nnJ s.aplings on: prcSt.'Til on 
lhccJgcoftlk!IXJ sin. 

C:ilcgory =2 
Till! wctl:md is in c:,;ccllcnl condition 

C:ih;FOT)" =3 
Thi ,~ site i.~ cxtri:mely dcgrnded . being padJock 11i1h some r<.-i1manl 
.~t;mds of .\ldah•1u::n :sp. on the pcrimct<.'f of the ]ak.::. howc\"er 
surfacewnlerisprcscnl. 

c~nltc for E..,._,•)'l lcm ~l:in• i =rnt ECL'. fovnd.o lur 

Vt1tcla1lon l')'JH~ I Community 

shruMnnJ undc~tun::y domirn,11.-J hy Arh·nrmtlroJ Jfl., E1rmnc11 sp., !-t•r1e(1pc1go11 sp .• Mar:m:on,ir, sp .• C. 
:m11g11im•11.1, R1·gdir1 .Jp., I'. 11irc1u, & Xa111horrlwt'/l sp. 
Wctl:md: On I.he upp,.:r slope of the m:lland. Uk!rc is 11 1-.crimctcr woo<ll1md uf /J. ilicifolia. JJ. nw11:frsii, E. 
n,rlis & M. prl'i.uin11n. Wilh an unJcrslorcy that is csscnlinlly complctdy dcnn.-J. ,,ith the exception of 
sorm: Aswrrc" sp. and l~1110calymnm sp. lkt,,l.-cn 1111:: lxisin and the uppi:r slope of Lhc wclli:111.tl, p,.::ri.mcler 
woodlanJ of 11. lil/ornli.r, .\I. rlmpl1iophylln & M. 1·imim·"; in the ca:;tcm p;111 is 11 lowupcn forr..-sl of M. 
l<'fl!tifoliu. The basin is l;irgcly b;irc dlll! lo the scasonril w111cr that is ho!Js, \lilh ll1c excr..111ion of c]u~lcrs of 
llnunwaar1ic11lc1111. 
Tcm:stri:i.1: Wood!ani.l dnminnlr..-<l by 11. t11/cmuiln, /1. mcn;ii•.,ii, £. 1od1ir11111 & N.floribwrr/a . With 11 

shrublnnd undr..'N!orcy tlominalcd by Adl!11nml10.J .Jp,. En·nint'II Jp., L,•ucupogon Jp., Mucru:nmiu .,p., C. 
.Hmg11i11c11J, R,·gdfo JJJ., I~ 11i1.•1u, & Xamlrorr/10,·u .JJ}. 
Wctbntl: Up-slope : 11 low op<.'ll forcst of Allocc1.11U1riim .vp., /J. littomliJ, fl. mcn:ic:sii & M. prd.J.Jimw, 11i1h a 
-~hmhland un,krslorcy dominated by AJ111r1,•u JJJ., Arlr..•11m1tlw.1 Jfl., B1·m,for1i11 Jp. & llypocu~1-mmu Jfl. 
Ilasin: a low clos,.-J forest of .I/. rinri1wu. with a ·opcn shrubland tlominntcJ by tl.1/arfcn .,p., M. 1crctifolill & 
/J1wnr,•11.Jp, 
No111pplii.:nhlca:;thc arcn i:;apnstornl paddock. 

\li:~l'lallon Condillon 

01·cr.,torcr is in cxcclknl condition: hoWc\'cr, ll1c llm,mt•a 
urticulM~ has recently tlir..-J . 

The comlition of the ,·egcl~lion is e.-.;cclknl; the lr..:cs arc in 
pristine condition; howc\·er, the JJmmiM -'/1- 3J1J>l!ars lo be 
\"l."f)' tlro~hlslresscd. 

Not upplictible 11s lhc area i.~ a 11astoral pJddock . 




