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Summary

Regional Development Australia (RDA) Peel commissioned Ironbark Environmental in October 2012
to identify measures of environmental sustainability suitable for the Peel region. Measures of
environmental condition will enable RDA Peel and government and community groups to track
change (positive or negative) in key aspects of the Peel region’s natural environment. Ultimately, the
measures can help gauge whether the environment is being adequately protected as development
occurs and the regional population increases.

Current environmental assessments suggest that many aspects of the region’s natural environment
are declining in condition, including the water quality of the lower reaches of the Serpentine and
Murray Rivers, and catchment native vegetation (PHCC, 2010; City of Mandurah, 2011;
Environmental Protection Authority, 2007).

Despite this decline, this project has found a lack of long-term, reliable, publicly available data on the
region’s environment. This is of significant concern as the region enters a new phase of heightened
development activity with the growth of the Perth and Peel regions.

The report recommends the following datasets or statistics be used as primary measures of regional
environmental condition at least until a more well-planned and resourced monitoring program can
be implemented(data custodians are shown in brackets). The four datasets are:

1. Perennial vegetation cover trend data (Landgate, Land Monitor & Peel-Harvey Catchment
Council);

2. Change in extent and condition of coastal plain wetlands (Department of Environment and
Conservation, Wetlands Unit);

3. Classification of Murray River recreational beach safety based on bacterial counts
(Enterococci) (Shire of Murray/ Department of Health); and

4. Changes in numbers of Hooded Plover, a species of waterbird (Peel-Harvey Catchment
Council and Mandurah Bird Observers Group).

The four primary measures of regional environmental condition were selected from a potential list
of 12 measures assessed as part of this project. Some of the other eight potential measures (not
recommended as primary measures in this report) may offer future opportunities as environmental
measures but pose more significant technical or resourcing challenges.

Some of the four primary measures will need additional data processing and re-presentation before
they can be published as regional environmental measures. To achieve this, RDA Peel will need to
work with each of the data custodians listed above.

It is also recommended that RDA Peel enter into discussions with the Peel-Harvey Catchment Council
as the PHCC are already involved in a webpage that may be a suitable site on which to display
information on all four primary measures of regional environmental condition. This webpage already
houses information on two of the recommended measures: Perennial vegetation cover trend data
and Hooded Plover annual count data.

To establish the four primary measures of regional environmental condition, the following
recommendations are included in the report:
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Primary Measure A: Perennial Vegetation Cover Trend measure

1) It is recommended that Perennial Vegetation Cover Trend, a Land Monitor dataset, be used
as a primary measure of regional environmental condition.

2) To implement this recommendation RDA Peel should negotiate with the PHCC and Landgate
to add annual statistics on Perennial Vegetation Cover Trend to the PHDSS Toolbox website.
Agreement needs to be reached on the format of these statistics, with one potential format
presented in Table 4.

3) RDA Peel should be aware that the Vegetation Trend dataset is a Land Monitor product, and
funding to Landgate may be required to analyse the dataset to generate the necessary
statistics.

Primary Measure B: Coastal plain wetlands

4) That annual statistics of wetlands in the Peel region be used as a primary measure of
regional environmental condition as described in Section 5. These statistics are to be
generated for the parts of the region which are urban or industrial zoned under the Peel
Region Scheme as at January 2013, and the entire region.

5) To implement this recommendation RDA Peel in partnership with the PHCC should:
a. Negotiate how these statistics are to be generated.
b. How funding shall be obtained to generate these statistics.

Primary Measure C: Waterbirds - Hooded Plover

6) That annual counts of Hooded Plovers, as currently undertaken by the Mandurah Bird
Observer’s Group and supported by the Peel-Harvey Catchment Council be used as a
primary measure of regional environmental condition. This is a measure of the condition of
waterbird populations and waterbird habitat in the Peel-Yalgorup Ramsar Site.

7) To implement this recommendation, RDA Peel should negotiate with PHCC to ensure that
waterbird counts continue to be placed on the PHDSS Toolbox website, or some other public
forum.

Primary Measure D: Annual Murray River Beach classification

8) That beach classification of sites on the Murray River, as published by the Department of
Health, be used as a primary measure of regional environmental condition. This is a
measure of the safety of various parts of the Murray River for swimming and other contact
recreation.

9) To implement this recommendation, RDA Peel will need to:
a. Ensure the Department of Health provides a historical record of the beach gradings

for the Murray River for the period 2008 to 2012; and
b. Is requested each year to provide the updated beach gradings for the Murray River.

Making the information public

10) To keep costs to a minimum, it is recommended that RDA Peel liaise with PHCC to
investigate the potential to include information on all four primary measure of regional
environmental condition on the PHDSS toolbox webpage.
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1. Introduction

In 2012, Regional Development Australia Peel, released ‘Peel 2032 – A strategic Plan for the Peel
Region. The Peel 2032 initiative is designed to assist the region overcome its challenges and achieve
economic, social and environmental sustainability by 2032 through setting three regional priorities:

1. Addressing productivity issues
2. Addressing (environmental) sustainability issues
3. Addressing liveability issues.

Measuring how the region is performing over the next 20 years with regard to the second regional
priority, sustainability issues, is the focus of this report. Sustainability issues are defined in Peel 2032
as issues relating to the condition of waterways, the protection of the environment through land use
planning, coastal erosion and climate change (RDA Peel, 2012).

1.1 Scope of this report

Regional Development Australia (RDA) Peel commissioned Ironbark Environmental in October 2012
to undertake a project to identify measures of environmental sustainability suitable for the Peel
region.

There are currently no reliable measures of how the region is performing with regard to
environmental sustainability and so the brief for the report has been kept broad.
The brief included identifying environmental measures “where the data is reliable, credible, publicly
available, published regularly and can provide a snapshot of whether we (the region) are going
forward as a region in regard to our environmental sustainability” (Consultant’s Brief, 16 July, 2012).

The absence of any reliable regional environmental indicators or measures has meant it is difficult, if
not impossible for government or the community to know if the region’s environment is being
adequately protected as development occurs and the regional population increases.

To enable the report to achieve its objective within budget, the project scope has been refined to
focus on identifying measures which track changes in the natural environment: biodiversity, water
resources and natural ecosystems. Measures which track changes in resource use (e.g. water and
energy), air quality, waste creation/reduction or changes due to climate change have not been
considered. These may be considered at a later date when additional resources are available.

1.2 Critical project issues

Critical issues to address through this project have been:

1) Simplicity - The need to keep the measures simple and easy to present to the public on a
regular basis. There is no budget to roll-out the environmental measures, and any funds to
establish or maintain the information are yet to be obtained.

2) Backing existing efforts – There are a number of environmental datasets which are already
collected in the region but need some analysis and data management to be useful
environmental measures. These datasets are utilised where possible in this report.
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3) Making the information publicly available. Ideally, the information on regional
environmental measures should be made publicly available on one website. The closest
available existing website is the PHDSS Toolbox hosted on the Land Monitor website. This is
discussed in Section 8.

4) Using measures with caution – It is important that environmental data is collected to a high
standard and professionally interpreted. Environmental systems are complex and
measurement of one aspect of the environment needs to be interpreted in the context of
the wider environment. RDA Peel should take appropriate care when drawing conclusions
from the trends exhibited by the environmental measures.

1.3 The Peel region’s environmental priorities

The Peel region is located between Perth and the south west of Western Australia and comprises the
local government areas of Boddington, Murray, Mandurah, Waroona and Serpentine-Jarrahdale.
The region includes a well-forested hinterland, a coastal plain of significantly cleared and drained
wetlands and woodlands, and a coastal estuarine wetland system which is internationally recognised
under the Ramsar Convention (Peel-Yalgorup Ramsar Site). All of the region is included within the
catchment of the Peel-Harvey Estuary, an estuary which is receiving twice the amount of nutrients
required to maintain a healthy ecosystem (Peel-Harvey Catchment Council, 2011).

Whilst there is evidence, both published and anecdotal, that all parts of the region’s environment
are declining in condition1, the greatest pressures on the region’s environment exist over the coastal
plain areas, those parts of the region generally within 40 km of the coast. Identifying any possible
changes in environmental condition in these coastal areas is a priority for the report.

There are numerous priorities for achieving environmental sustainability in the Peel region. The Peel
2032 report identified the following (not in priority order):

1) The protection of regional waterways, including the Peel-Harvey Estuary;
2) The protection of significant bushland and environmental assets as part of the

land use planning processes.
3) The protection of coastal areas from erosion;
4) A proactive response to the impacts of climate change.

The management of state forests and conservation reserves east of the Darling Scarp within the
region (which make up a large part of the region, is also a matter of community concern. This issue
has been addressed through Primary Measure A (Section 4).

1
Most recent State of the Environment reports indicate a general decline across the region in the condition of

most natural resources, including water quality and biodiversity:

 Environmental Protection Authority (2007) State of the Environment Report: Western Australia 2007,
Department of Environment and Conservation, Perth, Western Australia.

 State of the Environment 2011 Committee (2011) Australia State of the Environment 2011,
Department of Sustainability, Environment, Water, Population and Communities, Canberra.
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1.4 Project methodology

The methodology for this project has been specifically designed by Ironbark Environmental to
address the brief. The method has included:

1) Identification of criteria to guide the identification and assessment of suitable environmental
measures (Table 1).

2) Desktop search of potential measures involving:

 Research of known available environmental datasets applicable to the region;

 Scan of state of the environment studies in the region and elsewhere in Western
Australia (e.g. City of Mandurah State of the Environment 2011; State of the
Environment Report Western Australia 2007, Government of Western Australia, 2007);

 Phone interview of those professionals directly involved in management or use of data
which could potentially be used as an environmental measure.

3) Preparation of a list of potential environmental datasets and measures (Table 2).

4) Prioritisation of each of the potential datasets or measures using the criteria identified in
Step 1) above. Each of the datasets was scored against each of the eight criteria identified in
Section 2.1. A score of ‘2’ was given where the measure met the criteria, ‘1’ if the measure
partially met the criteria and ‘0’ if the measure did not meet the criteria. A total score was
calculated for each dataset (Table 2).

5) The top 5 scoring datasets (total scores 12 and above)were then assessed in more detail
with a view to their recommendation as primary measures of regional environmental
condition. For each dataset, issues related to its use as a measure are included with specific
recommendations to RDA Peel (Table 3 and Sections 4 – 7).

6) A final section is included in regard to making the datasets and measures publicly available
(Section 8).



Peel region environmental measures study Page 10

2. Assessment of potential environmental measures

2.1 Criteria to guide assessment of regional environmental measures

Table 1 describes the criteria used in this project to address the project brief and the specific needs,
constraints and opportunities in the Peel region. Measures and their underlying datasets should ideally
meet all of these criteria. In reality, most datasets available for the Peel region did not meet this goal. This
is due to the dataset being collected for a specific project, activity or length of time, or lack of ongoing funds
to analyse the data and publish the results.

Table 1: Criteria used to guide assessment of environmental measures

Criteria Description
1. ROBUSTNESS The data behind the measure needs to be regularly collected, preferably collected by

professionals or trained operators, and widely accessible.

2. REGIONALLY
SPECIFIC

The measure should track something which is directly or closely influenced by the
regional community. For example, tracking changes in mean air temperature over
the long term may measure changes in climate, but it will be difficult to infer the
relationship between the region’s actions and a changing climate. Similarly,
monitoring the numbers and diversity of waterbirds on the Estuary may be
problematic if the bird species is migratory and influenced by changes to habitat in
other parts of the world.

3. EASILY
UNDERSTOOD

The dataset needs to measure something that is of value and meaning to the Peel
community (e.g. alignment with the Peel 2032 objectives). For example, measuring
numbers of crabs in the estuary would be more meaningful to the general public
than the number of benthic invertebrates in the Estuary. Some datasets may be
technically robust, but not measure an aspect of the environment with which people
have a connection.

4. FUNDAMENTAL
COMPONENT OF
ENVIRONMENT

Measures which track changes in fundamental aspects of the environment, such as
extent of habitats, are generally more useful, and will identify change faster than
measures that track a higher order objective. For example, measuring changes in the
quantity and condition of wetlands should be a higher priority than measuring the
diversity of species in the wetlands.

5. LONG-TERM
COMMITMENT

There needs to be a commitment or rationale for long-term collection of the data by
government or some other organisation with the capacity to collect the data.

6. EASE OF
INTERPRETATION

It will be important for measures to be based on data which is self-explanatory, or
requires little additional analysis or where the analysis is routinely provided by
government or other organisation. Some datasets will require additional
interpretation, modelling, or reformatting before they can be understood by
interested members of the public.

7. REGIONAL
REPRESENTATION

Where information is available, the measure should be representative of all or large
parts of the region’s environments. Having said this, measures which capture a small
part of the region’s environmental values may be useful if it is of significant value or
provides some regional context. (e.g. waterbirds on the Estuary are of national and
international significance).

8. QUANTITATIVE/
QUALITATIVE

Quantitative measures (measures with numbers) are generally preferable to
qualitative measures (assessment using words e.g. good, very good excellent). This is
because there is generally greater objectivity in data which is measured on a numeric
scale.The exception to this is where the qualitative measure can be converted to a
quantitative measure. (e.g. professional ecologists rate vegetation condition
qualitatively ( ‘Excellent’, ‘Good’, or ‘Degraded’ using a standard method). This
vegetation condition mapping can then be used to quantify how many hectares of
vegetation in each condition category exist within the region.
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2.2 Potential environmental measures

Twelve datasets were considered for potential use as regional environmental measures.
These were identified through desktop research, government reports and phone interviews
with local and state government officers, and Peel –Harvey Catchment Council staff.

The twelve datasets were scored against each of the criteria listed in Section 2.1 for their
suitability as regional environmental measures. The results are presented in Table 2.

Four datasets (coloured green) scored 13 or higher and have been selected as primary
measures of regional environmental condition as they have the greatest potential for use as
environmental measures. These are:

 Perennial vegetation cover trend data;

 Change in extent and condition of coastal plain wetlands;

 Annual classification of Murray River recreational beach safety based on bacterial
counts (Enterococci); and

 Changes in population of the Hooded Plover, a waterbirds species found in coastal
wetlands of the region.

A further dataset (coloured orange), algal activity in the rivers and Estuary, offers some
potential in the future should funding be available to interpret and publish the data. Algal
activity is already used as a publicly reported measure for the health of the Swan-Canning
Estuary in Perth.

Each of the four primary measures of regional environmental condition are assessed in
further detail in Sections 4 to 7.
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Table 2: Assessment of potential environmental measures

Key to Table 2

Recommended as primary measure of regional environmental condition in this study

High priority for future consideration as primary measure of regional environmental condition

Datasets considered in this project as a regional measure. Not a priority for further consideration at this stage.
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BIODIVERSITY

Perennial vegetation cover trend
(Landgate and PHCC)

2 2 2 2 2 1 2 1 14
Already presented annually on the PHCC Decision

Support System toolbox. Region-wide coverage.

Native vegetation mapping (Department
of Agriculture and Food WA)

1 2 2 2 0 1 2 1 11 Dataset not regularly maintained.

Coastal plain wetlands (Geomorphic
wetlands dataset, Department of
Environment and Conservation)

1 2 2 2 2 1 2 1 13
One of the few State Government environmental

datasets updated annually and with a commitment to
maintain into long-term

Waterbirds Red-necked stints
(Mandurah (Waterbird Observers Group
and PHCC)

2 0 2 1 2 2 1 1 11
Migratory birds counted annually. Subject to change

in international conditions.

Waterbirds: Hooded Plover (Mandurah
Waterbird Observers Group and PHCC)

2 2 2 1 2 2 1 1 13
Waterbird species counted annually. Results

published annually on PHCC Decision Support System
toolbox. Linked to Ramsar site reporting.

Black cockatoos, Great Cocky Count
(Department of Environment and
Conservation & Birdlife Australia).

2 1 2 1 1 1 1 2 11
Insufficient monitoring points in Peel region.

Emerging environmental issue worthy of potential
future work in Peel region.
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Table 3 (cont.): Assessment of potential environmental measures

Potential measure (custodian)
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Critical flaws/ opportunities

WATER QUALITY

Nutrient levels (phosphorus or nitrogen)
in Estuary and lower rivers (Department
of Water)

1 2 1 2 1 0 1 2 10
Long-term dataset. Insecure funding for data

interpretation and publishing.

Algal activity in Estuary and rivers
(Department of Water)

1 2 2 2 1 1 1 2 12
Long-term dataset. Insecure funding for data

interpretation and publishing.

Dissolved oxygen levels in Estuary and
rivers (Department of Water)

1 1 1 2 1 1 1 2 10
Long-term dataset. Insecure funding for data

interpretation and publishing.

Annual classification of Murray River
recreational beach safety based on
bacterial counts (Enterococci) (Shire of
Murray/ Department of Health

2 2 2 2 2 2 1 1 14

Annual classification of the safety of recreational
beaches on the Murray River based on water
sampling. Meaningful to public given link to public
health. Samples collected by Shire of Murray and
dataset maintained by Department of Health.

Number of official health warnings
issued (based on DoW microalgal
monitoring) (Department of Health)

0 2 1 1 1 2 1 2 10

Simple measure and meaningful to public given link
to public health. Currently an unreliable measure as
Department of Health not advised when water quality
has improved (and health warning can be removed)

COASTAL EROSION

Coastal vegetation line (Department of
Transport)

0 0 1 1 0 0 1 1 4
Dataset not collected. Requires annual aerial photo

interpretation.
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3. Primary measures of regional environmental
condition

Four datasets have been identified as primary measures of regional environmental condition. Table
3 lists the four datasets, the data custodian (data owner and manager), and describes the dataset’s
general significance as an environmental measure.

Table 3: Recommended primary measures of regional environmental condition

Dataset to be used as
measure

Data custodian Significance of dataset

Primary Measure A

Perennial vegetation
cover trend data

Landgate, Land
Monitor & Peel-
Harvey Catchment
Council

Perennial vegetation is a primary determinant in the amount
of habitat available for wildlife, and protects soil and water
resources. A reduction in the extent or condition of
perennial vegetation is likely to lead to a decline in
biodiversity, and the quality of soil and water resources. The
dataset has been collected annually since 1990.

Primary Measure B

Change in extent and
condition of coastal
plain wetlands,
geomorphic wetlands
dataset

Department of
Environment and
Conservation,
Wetlands Unit

The dataset covers the coastal plain portion of the Peel
region where most development activity is occurring. The
dataset includes evaluation of the condition of wetlands,
and is updated as development occurs. Wetlands are a
major feature of the Peel region’s coastal plain environment.
A loss in the extent or condition of wetlands leads to a
reduction in the amount of wildlife habitat and the quality of
water resources. The dataset has been maintained since
1996.

Primary Measure C

Changes in population
of the Hooded Plover, a
resident waterbirds
species

Mandurah Bird
Observers Group
and Peel-Harvey
Catchment Council

Waterbirds a key value of the region’s Peel-Yalgorup Ramsar
Site. The Hooded Plover is a resident waterbird species that
is known to be under pressure from recreation and habitat
loss. Annual counts of Hooded Plover have occurred since
2008.

Primary Measure D

Annual classification of
safety of Murray River
recreational beaches

Shire of Murray/
Department of
Health

This is a public health aspect of the environment which
directly affects people’s ability to recreate in the region’s
waterways. Water-related recreation is one of the region’s
main attractions. . The safety assessment is based on
bacterial counts (Enterococci) and site surveys.

A further consideration in selection of the four datasets is their coverage of different,
complementary aspects of the region, at different scales:

 The perennial vegetation dataset covers all of the Peel region,

 the wetlands dataset covers the coastal plain portion of the region, an area undergoing high
development activity;

 the annual Murray River beaches classification dataset covers the main riverine recreational
assets in the region; and

 the Hooded Plover dataset is linked directly to a value of the Peel-Yalgorup Ramsar site.

Together, the four datasets provide a broad coverage of the region, as well as more detailed aspects
of region where the Ramsar site is located and most human activity occurs.

Each of the primary measures of regional environmental condition is discussed in the following
sections with recommendations to assist implementation.
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4. Primary Measure A: Perennial vegetation trend

A dataset and public website already exists showing annual changes in perennial vegetation cover
for the Peel-Harvey Catchment. Perennial vegetation includes native vegetation, plantation and
revegetation areas. The dataset generally identifies woody vegetation greater than 2 metres in
height with more than around 10% canopy cover. Hence, the dataset may not identify low
heathland.

Perennial vegetation cover is a strong indicator of the amount of habitat for wildlife in the region as
well as an indicator of more general health of resources such as waterways, soil and groundwater.

The dataset and website is based on new satellite imagery of perennial (woody) vegetation cover
generated annually for the Peel-Harvey Catchment as part of the State Government’s Land Monitor
program. The data is made freely available on the Land Monitor website through the work of
Landgate. See Section 8 for instructions on how to enter the website.

The website provides:
a. Mapped information on perennial vegetation cover for each year over the entire Peel-

Harvey catchment from 1988 and the present year. This is referred to as Vegetation Extent
in this report.

b. Mapped information on perennial vegetation cover trend. This is referred to as Vegetation
Trend in this report.

The difference between Vegetation Extent and Vegetation Trend is that extent implies a presence or
absence of vegetation, whereas trend gives an indication of changes in vegetation condition over
time, including loss of perennial vegetation.

Whilst the PHDSS website presents data for the Peel-Harvey Catchment, the underlying data can be
generated for the Peel region if desired (i.e. the local government areas of Boddington, Serpentine-
Jarrahdale, Mandurah, Murray, and Waroona).
The data contained within the PHDSS Toolbox appears a good candidate from which to present
changes in woody vegetation. It is a credible, publicly available dataset, and updated annually.
There is a commitment of state government agencies to maintain the dataset (Land Monitor is
funded by the Departments of Environment and Conservation, Planning, Water, Landgate and Water
Corporation).

Initial discussions have been had with staff at Landgate as to the feasibility of generating statistics on
an annual basis for the Peel-Harvey Catchment. These statistics could is based on the Vegetation
Extent dataset or the Vegetation Trend dataset.

Follow-up discussions with staff from the PHCC, the co-authors of the original PHDSS toolbox
project, indicated that it would be more meaningful to generate statistics from the Vegetation Trend
dataset. This dataset is re-calculated annually.
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Vegetation Trend dataset

The Land Monitor datasets places all perennial vegetation into one of five classes:

 Vegetation trend large decrease 1990 – current year

 Vegetation trend small decrease 1990 – current year

 Vegetation trend – stable 1990 – current year

 Vegetation trend small increase 1990 – current year

 Vegetation trend large decrease 1990 – current year

The dataset not only provides information on loss of vegetation since 1990, but also indicates where
vegetation may be remaining but is changing in condition, either positively or negatively. This is
useful for tracking change in various parts of the Peel region, based on specific ecosystem types, or
particular parts of the region known to be under particular development pressures.

Using the Vegetation Trend dataset, statistics could be generated annually for either the Peel-Harvey
Catchment or the Peel region2 to show the proportion of perennial vegetation which is decreasing in
condition, increasing in condition, or static, based on a 1990 baseline. These statistics could also be
presented as bar graphs showing change over time.

Table 4 provides a suggested presentation of Vegetation Trend data for the Peel Region

Table 4: Suggested format for presentation of Vegetation Trend statistics (Primary Measure A)
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The estimated cost of creating a Peel region environmental measure based on Vegetation Trend is
approximately $4000 in the initial year, and about $2000 annually thereafter. These costs are to
fund GIS programming and processing and will lead to the production of the statistics and graphs.
They would not necessarily get the information posted on a website, although this could be
negotiated with the PHCC.

Care needs to be taken in interpreting the trend information as the information gives no indication
of the causes of the change being measured via the interpretation of satellite imagery. Having said
that, this data is the best available coverage of the Peel-Harvey Catchment, and is recalculated
annually.

2
The cost of generating the stats for the Peel region may initially be a little higher as the PHDSS toolbox

website is set up for the PH catchment.



Peel region environmental measures study Page 17

The major drawbacks of using this dataset are:
1) It tracks change in all woody vegetation cover, not just native vegetation. This means it also

tracks changes in revegetation and plantation. This is not necessarily a drawback, just a
consideration when presenting the data to the public

2) It is only available is map format. No statistics are generated. This can be addressed
through the recommendation below. A pilot project to generate statistics based on the
Vegetation Trend dataset was undertaken as part of the original PHDSS toolbox project, but
is not publicly available.

Recommendation

1) It is recommended that Vegetation Trend, a Land Monitor dataset, be used as a primary
measure of regional environmental condition.

2) To implement this recommendation RDA Peel should negotiate with the PHCC and
Landgate to add annual statistics on Vegetation Trend to the PHDSS Toolbox website.
Agreement needs to be reached on the format of these statistics, with one potential
format presented in Table 4.

3) RDA Peel should be aware that the Vegetation Trend dataset is a Land Monitor product,
and funding to Landgate may be required to analyse the dataset to generate the necessary
statistics.

Notes related to the recommendation:

a) The annual updating of the PHDSS toolbox website is undertaken through a ‘gentleman’s
agreement’ between the Peel-Harvey Catchment Council and the Satellite Remote Sensing
Services group at Landgate. There is no ongoing cost to PHCC, and Landgate updates the
Vegetation Trend dataset automatically each year as new satellite imagery becomes
available.

b) Landgate is also in the process of updating websites such as the PHDSS toolbox site to a
more contemporary format, and has recently approached PHCC in this regard. This may
provide a timely opportunity to also reach agreement on incorporation of Vegetation Trend
statistics onto the PHDSS toolbox website.
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5. Primary Measure B: Coastal plain wetlands

Wetlands are an important part of the region’s environment, especially on the Swan Coastal Plain.
They occur in a part of the region undergoing the highest levels of development activity.

The region’s coastal plain wetlands were mapped in the early 1990’s by the then Water Authority,
and the mapping has been maintained ever since by state government. The Department of
Environment and Conservation now maintain the dataset which includes information on the extent,
types and condition of wetlands. The data is stored as a digital map and requires use of Geographic
Information System (GIS) software packages that are widely available and used. The DEC has an
ongoing commitment to maintain this dataset, albeit in a limited capacity. The dataset is often
referred to by its technical name: the geomorphic wetlands dataset.

The geomorphic wetlands dataset contains information on the extent, type and management
category (condition) of wetlands.

The wetland management categories describe the condition of wetlands by an assessment process
which places each wetland into one of three management categories:

 Wetlands in the best condition are labelled ‘Conservation Category Wetlands’ (CCW);

 Wetlands which have been modified but still retain many natural features are ‘Resource
Enhancement Wetlands’ (REW), and

 Wetlands which have been significantly modified and are usually completely cleared of
vegetation are described as ‘Multiple Use Wetlands’ (MUC).

There is potential to use the dataset, especially the wetland management category information as a
primary measure of regional environmental condition given that:

 Wetlands represent a fundamental part of the region’s environment, and support
biodiversity and other higher environmental values;

 The dataset has been in existence since 1996;and

 The DEC is committed to maintaining the dataset as it is linked to the implementation of the
State Wetlands Policy;

Unfortunately, the main drawback is that most of the reassessment of wetlands and their
management categories are undertaken by land developers and their consultants. This is because it
is generally to a developer’s advantage if a wetland’s management category is downgraded (e.g.
CCW to REW, or REW to MUW). This skews the dataset in two ways:

1) Improvements in condition of wetland are less likely to be recorded; and
2) Changes in wetland condition in rural areas are rarely captured.

Hence, the dataset does not provide an accurate tool to measure change in wetland condition or
loss across the entire coastal plain portion of the Peel region, but it will give a crude estimate of
change in condition with wetlands associated with land use change where it has gone through the
planning and development assessment process.

Geomorphic wetlands dataset

The potential to use the geomorphic wetland dataset to track change in the condition of the region’s
coastal plain wetlands is limited, but is recommended given the absence of any other suitable
alternatives.
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As a primary measure, it is recommended that the dataset be used to generate two groups of
statistics (annually):

1) Area of all wetlands remaining (and by management category: CCW, REW and MUW) in all
lands zoned urban or industrial (as in the Peel Region Scheme dated January 2013, or at
some point in time), with a breakdown of wetlands by management category

2) Total area of all wetlands (and by management category) remaining in the Peel region
coastal plain across all lands.

A suggested format for these statistics is provided in Table 5.

Both groups of statistics (1 and 2 above) are necessary to track change in the area where
urbanisation is planned, as well as track overall change in the wetland resource. Even though the
statistics for (2) may not reflect a significant change in the resource (given that the DEC is not funded
to regularly update all of the dataset) it will guarantee that any changes resulting from additional
urban and industrial developments will be captured.

Table 5: Suggested format for Peel region coastal wetlands statistics (Primary Measure B)
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The DEC updates the dataset every three months, and so annual re-generation of the statistics is
possible and recommended. The GIS geomorphic wetlands dataset is publicly available at the
Landgate SLIP (Shared Land information Platform) website.

The key issue is establishing the process to generate statistics from the GIS (digital mapping) dataset.
This requires someone with expertise in use of GIS systems (PHCC has such an officer). The process
can also be partly automated to make annual re-generation of the statistics easier. The initial cost of
generating these statistics is estimated to be in the order of $2500, and then $1500 - $2000 each
year thereafter.
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Recommendation

4) That annual statistics of coastal plain (geomorphic) wetlands in the Peel region be used as
primary measures of regional environmental condition as described in Section 5. These
statistics are to be generated for the parts of the region which are urban or industrial
zoned under the Peel Region Scheme as at January 2013, and the entire region.

5) To implement this recommendation RDA Peel in partnership with the PHCC should:
a. Negotiate how these statistics are to be generated.
b. How funding shall be obtained to generate these statistics.

Notes related to the recommendation

a) The Department of Environment and Conservation, the data custodian, make available a
new version of the mapped wetland dataset each year through the SLIP website. It is free of
charge. DEC has no funds to generate customised statistics, so resources need to be found
to generate statistics for the Peel region each year.

b) The contacts for the geomorphic wetland dataset at the DEC Wetlands Unit are Michael
Coote, ph 08 334 0333, michael.coote@dec.wa. gov.au, or Justine Lawn,
justine.lawn@dec.wa.gov.au
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6. Primary Measure C: Waterbirds - Hooded Plover

Efforts by volunteer bird watchers in the Peel region have led to the regular counting of waterbird
species associated with the Peel-Yalgorup Ramsar Site. More recently (since 2006) some monitoring
of Carnabys Black Cockatoos has also occurred.

Many bird species are charismatic species and their plight can engender public interest.

Monitoring of other wildlife in the region is less well supported and there are few, extensive fauna
surveys which are regularly repeated over large parts of the region and for which the results are
made publicly available. This is likely to be a reflection of the cost of fauna surveys and funding
priorities.

For this project, two bird counting datasets have been considered for use as environmental
measures:

a) Waterbird counts conducted within the Peel-Yalgorup Ramsar site; and
b) Counts of Carnabys Black Cockatoos (Great Cocky Count).

Waterbirds

The diversity and abundance of waterbirds in the estuary and surrounding wetlands is fundamental
to the Peel-Yalgorup system’s listing as a Ramsar Site. As such, regular monitoring of waterbirds
forms part of the monitoring and evaluation program for the Peel-Yalgorup Ramsar Site. Such is the
importance of waterbirds to the Ramsar site that counts of various waterbird species are used as
‘measures of acceptable change’ for the Ramsar Site (for more information refer to Hale (2008).

Annual counts of selected waterbirds including Red-necked Stints (migratory species) and Hooded
Plover (resident species) have been carried out since 2008 by volunteers from the Mandurah Bird
Observers Group. Recently the counts have been coordinated by an officer of the Peel-Harvey
Catchment Council and results have been published in a Report Card by the PHCC (Peel Harvey
Catchment Council, 2012). The results are also published on the internet at the PHDSS Toolbox site.

Of those species counted annually (and results made publicly available) counts of the Hooded Plover
(Thinornis rubricollis) offer greatest potential to be used as a Peel region environmental indicator. It
is not advisable to use a migratory species, such as the Red –necked stint, to measure environmental
changes that are directly related to regional actions.

In the Peel region, the Hooded Plover is only found in the wetlands of the Yalgorup National Park,
and the annual count focuses on Lakes Clifton and Preston. It is a resident waterbird species and so
changes in local populations can be linked to changes in the local environment. There are other
populations of the species in other coastal saline wetlands in Western Australia (e.g. Esperance,
Albany).

The species is not currently listed as threatened but it appears that the population of the species is
in decline Australia-wide and warrants listing as a federally threatened species under the
Environment Protection and Biodiversity Conservation Act (Maguire, 2012). The species nests on the
exposed foreshores of coastal lakes and so is at risk from recreational vehicle movements, other
disturbances to habitat and predation by foxes.
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Some of the positive aspects of using this species as an indicator species are:
1) There is a well-establish program to count the species in the Peel region, and this should

continue into the future;
2) The species is linked to a key value of the Peel-Yalgorup Ramsar Site (being of international

significance); Counts of Hooded Plover are part of the monitoring program for the Peel-
Yalgorup Ramsar Site (referred to as Waterbirds C: Hooded Plover in Hale, 2008);

3) The species has a restricted habitat range (coastal wetlands), meaning that resourcing long-
term monitoring is more realistic and changes in population may be easier to determine or
become event;

4) The species may be in decline and is a priority for monitoring and management. It is thought
that disturbance of the species breeding habitat (sandy wetland foreshores) from
recreational use is a major cause of the species’ decline.

Some of the weaknesses of using this dataset and species as an indicator may be that:

1) The species is largely restricted to DEC managed estate (Yalgorup National Park) and
changes may not be indicative of wider changes to the Peel-Yalgorup Ramsar Site.

2) The dataset is collected by a volunteer group, and there may be some issues over collection
of the data into the long-term.

An alternative to use of the Hooded Plover may be use of counts of the Red-capped Plover. This
species, unlike the Hooded Plover is found more extensively around the Peel-Harvey Estuary and
may be a better indicator of Ramsar Site heath than the Hooded Plover. Results for the Red
Capped Plover can be found on the PHDSS website, but are not part of the Ramsar Site
Monitoring program and are not included on the Ramsar Site Waterbird Report Card (PHCC,
2012).

Carnabys Black Cockatoo

Counting of this species was also considered as a potential regional environmental measure.

Carnabys Black Cockatoo (Calyptorhynchus latirostris) has become a key species highlighting the
need for greater protection of the environment in the Perth, Peel and greater south west regions
of Western Australia.

It is a species that is known to be in significant decline (reductions in bird numbers of at least
50% over the past 45 years (Kabat et al, 2012) and the area of the south west now occupied by
the species has decreased by 50% (Barrett, 2012). This decline in population size and area of
occupancy is largely due to the loss of habitat from clearing and development. The species is
listed as endangered under the Environment Protection and Biodiversity Conservation Act 1999
and protected at the state level under the Wildlife Conservation Act 1950.

Counting Carnabys Black Cockatoo population and the number of night roost sites has been
undertaken through the Great Cocky Count (GCC), a partnership program of Birdlife Australia
and the Department of Environment and Conservation in 2006, 2010, 2011 and 2012. The GCC
seeks to estimate the Carnabys Black Cockatoo population in the DEC Swan region, which
includes a large part of the Peel region (Figure 1).
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Figure 1: Great Cocky Count survey sites 2012

The Great Cocky Count has been significant in providing evidence of a decline in the Carnabys
population as well as changes in distribution of the species. Populations of Carnabys Black
Cockatoo are moving south westerly, are now found breeding in the southern forests and Swan
coastal plain (they once only bred in the wheatbelt region of Western Australia) (Barrett, 2012).

Despite the importance of Carnabys Black Cockatoo to the Peel region, it is recommended that
the Great Cocky Count results not be used as primary measure of regional environmental
condition for the following reasons:

1) There is, at this stage, an insufficient number of sites in the Peel region at which counting
occurs;
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2) The Count project cannot guarantee that all sites will be surveyed each year (i.e. repeated
methodology); and

3) The species is highly mobile and it currently changing the way it uses habitats in and
around the Peel region.

It is possible that the CBC dataset may be useful as a regional environmental measure in the
future if a more extensive number of survey sites were included in the Great Cocky Count, and
there was a high level of certainty that the count would occur each year.

(Side note: All three species of Black Cockatoo found in the Peel region and greater south west
region (Carnabys, Baudins and Forest Red tailed), are in significant decline and are worthy of
greater research and monitoring.

Recommendation

6) That annual counts of Hooded Plovers, as currently undertaken by the Mandurah Bird
Observer’s Group and supported by the Peel-Harvey Catchment Council be used as a
primary measure of regional environmental condition. This is a measure of the condition
of waterbird populations and waterbird habitat in the Peel-Yalgorup Ramsar Site.

7) To implement this recommendation, RDA Peel should negotiate with PHCC to ensure that
waterbird counts continue to be placed on the PHDSS Toolbox website.

Notes related to implementation of the recommendation

a) RDA Peel should be aware that the annual coordination of all waterbird count
information is not currently funded. A professionally coordinator assisted with this
project in 2011/12.

b) It is also possible that other resident waterbird species (other than the Hooded Plover)
may be used as a regional measure, especially if they occupy a more extensive habitat
around the Peel-Yalgorup Ramsar Site than the Hooded Plover (which is restricted to the
Yalgorup Lakes). This should complement the Peel-Yalgorup Ramsar Site Monitoring
Program and be discussed with the PHCC.
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7. Primary Measure D: Annual Murray River Beach
classification

Given the pivotal role that waterways play in the health and economy of the Peel region it is
important to include at least one water quality parameter as a primary measure of regional
environmental condition. Water quality sampling in the estuary, ocean beaches and Murray and
Serpentine River is carried out throughout the year by the Department of Water, Shire of Murray
and City of Mandurah.

Selecting a water quality parameter as a regional measure has been the most challenging aspect of
this project because of the range of water quality datasets and lack of resources to analyse the data
and publicise results.

Five options for regional waterway water quality measures were assessed as part of the project:

a) Nutrients (phosphorus and/or nitrogen);
b) Algal activity (Chlorophyll a);
c) Dissolved Oxygen levels;
d) Number of public health river warnings issued by Department of Health (based on total algal

counts or identification of specific toxic algal species); and
e) Annual classification of Murray River recreational beaches based on bacterial counts

(enterococci).

Department of Water datasets

The first three datasets above (nutrients, algal activity and dissolved oxygen) are gathered by the
Department of Water (DoW), with monthly water sampling in the Murray and Serpentine Rivers and
Peel Inlet. Since the end of 2011, the Department has been without funding to interpret and publish
the results, even though the monthly samples are still collected.

Discussions with staff at the Department of Water’s Aquatic Science Branch have indicated that the
Department will not be able to release the data until funding is provided. Hence, use of these three
datasets as regional environmental measures has not been recommended in this report.

Despite this, the algal activity dataset provides great potential for use as a regional environmental
measure in the future. See Appendix 1 for a discussion of the three Department of Water datasets,
including potential use of the algal activity dataset as a future measure.

The Department of Water has also prepared Subcatcatchment Report Cards for the Peel-Harvey
Coastal Catchment. These provide information on the levels of nutrients being discharged into the
estuary from the region’s subcatchments based on many years of the DoW water monitoring results.
The Report Cards show trends in nutrient discharge over time and will make an excellent regional
environmental measure in the future. The report cards are finalised but are awaiting ministerial
approval before release (i.e. they are not yet publicly available). Due to political sensitivity of the
Subcatchment Report Cards, they are not recommended as a primary measure of regional
environmental condition at this stage. It is the DoW’s intention that the Subcatchment Report Cards
will be updated annually, with a complete revision occurring every 5 years.

River water safety warnings
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A potential measure was also considered based on the number of official public health warnings
issued by the Department of Health for the Murray and Serpentine Rivers each year. Public health
warnings for the rivers are issued by the Department of Health based on the monthly algal data
received from the Department of Water. The warning is triggered by the types of algae or the total
number of algae found in a monthly sample.

Upon investigation, this project could not recommend use of the number of public health warnings
as a reliable regional environmental measure. Unfortunately, the Department of Water does not
appear to send through each month’s algal activity data to the Department of Health. Furthermore,
the DoW does not routinely advise the Department of Health when a site’s algal counts or diversity
have returned to safe levels in the months following high algal levels. Hence, it is impossible to track
in which months a river site may be breaching a public safety trigger, or when it has returned to safe
levels. This raises broader concerns about the system of issuing public safety notices for the region’s
recreational river reaches. Anecdotally, it appears that warning signs are left at river sites year-round
because of a lack of resources to maintain a proper public health warning system.

7.1 Annual classification of Murray River recreational beach safety

Based on the research conducted for this project, the classification of Murray River recreational
beaches by the Department of Health appears to offer the most reliable primary measure of regional
environmental condition. This measure is based on regular sampling of river water for bacterial
counts (enterococci) and the annual review of the grading of each site.

Murray River recreational beach grading

In the Peel Region, the Department of Health, in partnership with the Shire of Murray and other
local governments, have a program of sampling environmental waters for enterococci. Enterococci
are a group of bacteria which are an indicator of faecal contamination. Enterococci counts in the
Murray River generally rise after major rain events and are an indication of the level of sewerage,
animal faeces and untreated stormwater inputs into the river.

The primary purpose of this testing is to grade environmental waters for recreation (e.g. swimming).
The initial grading of a beach requires at least 5 years of sampling results and the grading is reviewed
each year.

The grading is carried out by the Department of Health after the Shire of Murray has gathered
sufficient water samples at the site over a five year period. For many of the sites on the Murray
River, samples have been gathered regularly since 2003. The grading is conducted using a
nationally-accepted methodology, and places each site into one of the following categories:

 Good – usually safe for swimming

 Fair – sometimes safe for swimming

 Poor – swimming is not recommended

 Other sample site – means that more sampling is required before a grading can occur.

The dataset upon which the gradings are based is maintained by the Department of Health and
made publicly available as Excel spread sheets on the internet
http://www.public.health.wa.gov.au/2/639/2/environmental_waters.pm.
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Figure 2 shows the sites on the Murray River where bacterial monitoring occurs and where beach
grading has occurred.

Figure 2: Bacterial water sample sites in the Murray River

It is recommended that the annual beach grading of sample sites on the Murray River be used as the
primary measure of regional environmental condition. This provides a general picture of the
environmental safety of various points on the Murray River from year-to-year.
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The beach gradings for the most recent year are published on the internet at:
http://www.public.health.wa.gov.au. To obtain a history of the beach gradings over the past five
years for all possible sample locations on the Murray River, contact has been made with the
Environmental Health section of the Department of Health. This section is responsible for assessing
and compiling the results of the bacterial samples and publishing the beach grades. A history of the
beach grades is not recorded on the internet and so this dataset has been requested from the
Department of Health’s Environmental Health Directorate.

An example of how the beach grading could be used as a regional measure is shown schematically in
Figure 3. Note: Only hypothetical beach gradings are shown.

Murray River
location

2008 2009 2010 2011 2012

Delta Drive

Ravenswood Hotel

Murray Bend

Pinjarra Boat Ramp

Dwellingup Bridge
Figure 3: Hypothetical trends in Murray River water safety (2008-2012)

Key to Figure 3

Grade

Good – usually safe for swimming

Fair – sometimes safe for swimming

Poor – swimming is Not recommended

Recommendation

8) That beach grading of sites on the Murray River, as published by the Department of
Health, be used as a primary measure of regional environmental condition. This is a
measure of the safety of various parts of the Murray for swimming and other contact
recreation.

9) To implement this recommendation, RDA Peel will need to:
c. Ensure the Department of Health provides a historical record of the beach gradings

for the Murray River for the period 2008 to 2012; and
d. Is requested each year to provide the updated beach gradings for the Murray

River.

Notes related to implementation of the recommendation

a) Staff at the Environmental Health section of the Department of Health have been
requested to provide the historical record of the beach gradings for the Murray River for
the period 2008 to 2012;

b) The RDA will need to arrange for the measure to be updated annually and published on
the internet with the other primary measures of regional environmental condition.
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8. Making the information public

The recommendations included in this report assume that the regional measures information will be
updated annually and accessible on the internet via a single website or portal.

The Peel-Harvey Catchment Council, in partnership with Landgate already publish a webpage that
includes the raw data that supports two of the four primary measures recommended in this report:
Perennial vegetation cover trends and Hooded Plover counts.

8.1 How to visit the PHDSS Toolbox webpage

This webpage can be accessed through the following steps:
1) Going to the PHCC website: http://www.peel-harvey.org.au
2) On the home page, select the Biodiversity Toolbox menu option.
3) Clicking the ‘Landgate click to login’ button. This takes you to:

http://landmonitor.dli.wa.gov.au
4) Once at the Landgate Land Monitor page, enter in details as follows:

Username: phdss_guest
Password: Semuha211638.

5) You are then ready to use the information available on the PHDSS.

Recommendation

10) To keep costs to a minimum, it is recommended that RDA Peel liaise with PHCC to
investigate the potential to include information on all four primary measure of regional
environmental condition on the PHDSS toolbox webpage.

Notes related to implementation of the recommendation

1) RDA and PHCC should ensure that all custodians of data:
a. Are provided an opportunity to comment on the manner in which the primary

measure data is publicly displayed. This note applies particularly to the measures
based on coastal plain wetlands and Murray River beach gradings;

b. Be given due acknowledgement when information is published.
2) Note that LandMonitor staff (Adrian Allen) has recently approached PHCC to update the

PHDSS toolbox. This may provide an opportunity to format the updated webpage to present
all primary measures of regional environmental condition.
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10. Appendices

Appendix 1: Additional information on Department of Water
datasets

This appendix supplements Section 7.1 of the main report.

Nutrients, algal activity and dissolved oxygen

Nutrients, chlorophyll ‘a’ and dissolved oxygen are three potential measures of the quality of water
in the Peel-Harvey Estuarine System based on datasets gathered and analysed by the Department of
Water. Figure 4 shows the locations at which the Department collects these samples. Samples for
nutrients are collected on a monthly basis and samples for algal activity and physical qualities (e.g.
dissolved oxygen) are collected fortnightly. Publicly available data (or interpretations) for nutrients
and algal activity go back as far as 2009, but the datasets have been collected for over 10 years in
these locations.

Figure 4: Department of Water Peel-Harvey Estuary and river sampling sites
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The nutrients phosphorus and nitrogen are strong drivers of poor water quality in the region’s
waterways and the primary cause of eutrophication of the Regions waterways Elevated phosphorus
levels have been confirmed as the primary cause of algal blooms in the lower Serpentine River and
the Peel-Harvey Estuary.

Interpreting the causes and implications of nutrient levels is very complex, and is one of the reasons
why this report does not recommend using nutrient levels as a primary measure of regional
environmental condition. The community also has a lower understanding of, and affinity with,
nutrient levels.

Algal activity in the Estuary and rivers is measured through analysis of the level of chlorophylla ‘a’ in
the water sample. The higher the level of chlorophyll ‘a’, the greater the algal activity in the water.
Higher levels of algal activity indicate higher risks of the waterway supporting toxic blue green algae
(direct health risks and indirect risks through eating contaminated shellfish). When algal activity in a
waterway becomes too high, this also often leads to low dissolved oxygen levels. Low oxygen levels
often lead to fish kills.

Explaining to the community that higher algal activity levels leads to problems with swimming and
fishing for example, is generally easier. And the direct link between low oxygen levels and fish kills
provides an immediate message to the community.

Discussion

Between 2009 and 2011, the Department of Water made publicly available an interpretation of
results for both nutrient levels (monthly snapshots, publicly available) and algal activity (fortnightly
snapshots, publicly available) in the Peel-Harvey. See Figures 5 and 6 provide an example of a
phosphorus snapshot and algal activity snapshot respectively for sampling sites in the Peel-Harvey
Estuary and rivers. These maps rate phosphorus levels and algal activity at each sampling site
according to predefined ranges.

Discussions with staff from the Department of Water’s Aquatic Sciences Branch indicated that public
reporting of both algal activity and dissolved oxygen is important for the Peel-Harvey Estuarine
System. The lower Serpentine and Murray Rivers regularly record oxygen levels well below what is
required to maintain a suitable environment for fish and aquatic life. The Department samples and
analyses oxygen levels at sites indicated in Figure 4 but does not interpret this data or publish the
raw data.

Unfortunately, since later 2011, the Department of Water no longer allocates resources to interpret
and publicly report nutrient or algal activity levels and so no information has been made available.
Based on discussions with staff from the Department of Water, the Department can for a fee-for-
service basis re-start this work or provide the data in some other format suitable to RDA or PHCC.
Monthly nutrient samples and fortnightly chlorophyll a samples continue to be collected and
analysed by the Department of Water.

Given the importance of reducing algal activity in the Peel-Harvey system (and its relationship to fish
kills), RDA Peel may consider using the Department of Water’s data on algal activity at some time in
the future.
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Figure 5: Monthly phosphorus level snapshot, December 2011, Peel-Harvey Estuary and rivers

Figure 6: Algal activity snapshot, October 2011, Peel-Harvey Estuary and rivers



Peel region environmental measures study Page 34

Alternative recommendation: Algal activity

1) It is recommended that algal activity (Chlorophyll ‘a’ levels) be considered in the future as a
Peel Region Environmental Indicator should resources permit.

2) To implement this recommendation RDA Peel in partnership with the PHCC should
a. Negotiate with the Department of Water, the format in which the algal activity

(chlorophyll a) data be made publicly available. This includes:
i. Making the data available in a raw format (chlorophyll a micrograms per

litre) OR an interpreted format (e.g. rating algal activity as low, moderate or
high as per the categories in the 2009 – 2011 snapshots);

ii. The frequency of data provision. The RDA/PHCC may only require an annual
update, rather than a fortnightly, monthly or quarterly update. Frequency
has cost implications. Note: The DoW may be under the expectation that the
data and analysis is required fortnightly or monthly.

iii. The web location where the data is to be made publicly available. Ideally,
the data should be placed on the same location as all other primary
measures of regional environmental condition (e.g. PHDSS toolbox).

b. Negotiate cost implications of using Algal Activity as a Peel Region Environmental
Indicator. Based on discussions with DoW staff, there is an expectation that the
DOW requires additional funding to make publicly available the algal activity data for
the Peel-Harvey System.


