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Summary

The Framework for the Assessment of River and Wetland Health (FARWH) is a
National Water Commission initiative designed to provide an Australia-wide baseline
of river health to assess progress against the National Water Initiative’s objectives.
The south-west Western Australia (SWWA) FARWH project was funded through the
Raising National Water Standards program.

The FARWH was developed to provide a standard approach for reporting the health
of rivers and wetlands nationally, enabling locally relevant and comprehensive
assessments yet being comparable across jurisdictions. To meet this objective, the
FARWH was designed with sufficient flexibility to incorporate data from established
state and territory river health programs, while providing guidance around methods
and indicators where data did not exist.

The information provided in this (Storer et al. in press a) and the associated technical
report (Storer et al. in press b) evaluates the relevance and applicability of the
FARWH to flowing rivers in SWWA. Ephemeral rivers and wetlands were outside the
scope and capabilities of this assessment.

Rivers in SWWA are under increasing pressure from a range of factors, including
land use change, altered aquatic habitat, competition from exotic species, changes to
flow regime, pollution and a changing climate. Appropriate river management
requires that the direct and indirect impacts of these factors, both in the short and
long term, are understood and quantified, with regional and system-specific
conditions also being considered. The FARWH was evaluated for its ability to
represent these broad impacts at a national scale.

The development of river health assessment methods for SWWA was particularly
challenging because no statewide multi-parameter assessment programs existed,
and thus data across the region was critically limited. This limitation was identified in
an initial attempt to create a baseline assessment of river health in 2005 (the
Australian Water Resources (AWR) 2005) and was the major driver for developing a
national assessment framework.

This report discusses trials conducted between 2008 and 2010 to evaluate the
FARWH for application to SWWA, and provides a baseline assessment of river
health and the required integrated assessment protocol to achieve this. Two field
trials and an extensive desktop analysis were conducted as part of this process,
addressing the data limitations discussed above. The supplementary technical report
(Storer et al. in press b) outlines the indicator development and validation process in
more detail.

The SWWA-FARWH trials resulted in development of indicators representing critical
elements within the six ecological themes of river health: Catchment Disturbance,
Physical Form, Fringing Zone, Hydrological Change, Water Quality and Aquatic
Biota. Indicators were shown to reflect health status and helped increase the
resource knowledge and scientific understanding of the ecology of SWWA aquatic
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systems. Indices were selected to represent riverine health and condition while taking
into account practicalities including the need for rapid broad-scale assessment, easily
repeatable methods and non-prohibitive costs.

The fundamental aspects of the FARWH, in respect to maintaining comparability
across regions, are endorsed through results of the SWWA-FARWH trials. These
aspects include range standardisation, linearisation, integration and aggregation,
reference condition, missing data, condition bands and sensitivity analysis.

For national reporting, the surface water management area (SWMA) scores
calculated for SWWA through the FARWH trials are a reasonable representation of
health where theme scores are reported. Reporting at theme level maintains the
ability to readily interrogate data; for example, distinguish between pressures (e.g.
status of catchment disturbance) and response (e.g. health of aquatic fauna).
However, if a single health score for each SWMA is required in future, we
recommend a precautionary approach for integration; that is, the lowest theme score
for each SWMA is used as the overall SWMA score for river health. Note: this is
intentionally conservative to maximise transparency while methods are being trialled.

The figure on the following page displays the SWMA-scale theme scores for river
health generated by the SWWA-FARWH trials. From this, a number of general
remarks on the state of SWWA's rivers can be made. For example, Water Quality is
reduced in the Albany Coast SWMA (primarily due to salinisation in the SWMA'’s
eastern half); Fringing Zone vegetation is modified in the south-west corner —
substantially in the SWMAs of the Harvey and Preston rivers and to a lesser extent in
those of the Collie River, Moore-Hill Rivers and Busselton Coast (correlating with
high-intensity agriculture); and Physical Form is moderately modified in the Harvey,
Preston and Collie SWMAs (due to modification of streams for drainage). The scores
produced through the SWWA-FARWH trials align with our broad understanding of
SWWA conditions. However, as should be apparent, combining these theme scores
would result in a near total loss of variability. The table below shows river health
scores by SWMA (integrated theme scores) in which little differentiation is shown; as
such this approach is not recommended.

Harvey Preston Busselton = Shannon Denmark Moore- Albany Collie
River River Coast River River Hill Coast River
SWMA SWMA SWMA SWMA SWMA Rivers SWMA SWMA

SWMA
0.6 0.6 0.7 0.9 0.7 0.6 0.6 0.7
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SWMA scores

[ 1SWMA -2008/09 study (GA 2000)
SWMA - other
Moore-Hill Rivers SWMA © Town (Landgate 1987)
Landuse (DAFWA 2001)
Agriculture
Forestry
Urban / Mining
Conservation
Water

0 0 50 100 km
L 1 |

@)—"‘1 Governmert of Western Australia
L' B Cezartment ot Water

Perth®

Largely unmodified I
Slightly modified )

FZI aBi Moderately modified |
’ CDI

wal e A Substantially modified ]
Severely modified 1

Albany Coast SW

FZI ABI

PFI CDI

Theme scores

* INDICATORS: PFI: LC (longitudinal continuity), AC (artificial channel), E (erosion). WQI: TN (total nitrogen), TP (total
phosphorus), T (turbidity), DT (diel temperature), S (salinity), DO (dissolved oxygen). HCI: LF (low flow), HF (high flow), PZ

(period zero flow), CV (coefficient of variation), SP (seasonal period). CDI: I (infrastructure), LC (land-cover change), LU (land

use). ABI: FC (fish-cravfish). M (macroinvertebrates). FZI: N (nativeness). EFZ (extent frinaina zone).
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One of the key recommendations from the FARWH trials is that SWMA delineation
be recalculated for SWWA to align more closely with environmental variability, and
preferably method-standardised across Australia. SWMA delineation is based on
river basins, with each state splitting their basins into SWMAs based on different
factors including local government boundaries, prescribed groundwater abstraction
areas, allocation and management plan areas, and regulation areas (Geoscience
Australia 2004). Consequently SWMAs range from 3 km? to 495 000 km?. This
suggests potentially high variability in the accuracy of any scores designed to
represent river health in an entire SWMA (given ‘reasonable’ sampling effort).
Further, SWMAs in SWWA have been shown to cross significant boundaries of
altitude (on a SWWA scale) and climate, and contain complete scales of impact; for
example, completely vegetated through to completely cleared. As such, integration of
scores will inherently desensitise any results. Appropriate modification to the SWMA
boundaries and thus the reporting scale at which the FARWH operates may make
generation of a single river health score (integration of scores) more relevant.

The SWWA-FARWH program and associated development of the South-West Index
of River Condition (SWIRC) have greatly improved the capacity of resource
managers in SWWA. They are now in a better position to provide:

e an understanding of the nature of SWWA river systems

information about the condition of SWWA river systems

e a baseline or reference condition from which changes can be monitored

e an assessment tool for evaluating natural resource management activities
e monitoring of impacts of human activity

e prioritisation for investment based on the above

e strategic direction for future management.

However, building on the advances made through the SWWA-FARWH trials will
require significant investment into the future to ensure the momentum is not lost and
the capacity to conduct assessments is maintained.

The FARWH is endorsed as an effective method for undertaking a national-level
assessment, and is only limited in SWWA by state deficiencies in underpinning data.
Recommended specific refinements to the SWWA-FARWH protocol are detailed in
Section 8.
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1 Introduction

This report reviews trials to evaluate the national Framework for the Assessment of
River and Wetland Health (FARWH, or the framework) in a selection of flowing rivers
of south-west Western Australia (SWWA) [see Summary Box 1]. A more detailed
description of indicator selection, development and assessment is available in Storer
et al. (in press b).

The underlying purpose of this work was to complete the SWWA component of the
Australian Water Resources (AWR) 2005 baseline-year assessment of river and
wetland health, from which the effectiveness of the National Water Initiative (NWI)
could be benchmarked.

Due to insufficient data to apply the FARWH directly to SWWA (see Section 3.1), a
significant data-gathering phase (field and desktop) was required, including the
development of river health indicators. Nine surface water management areas
(SWMAs) were chosen for field assessment between 2008 and 2009 (to develop and
test assessment methods), and all SWMAs in the study area (except that of the Avon
River, which was excluded due to varied ecology and logistical constraints, see
explanation in Section 4.2) were assessed for the 2005 baseline-year review (using
available data and protocols developed through the trials).

Summary Box 1

Neither wetlands nor dry systems (at the time of assessment) were
included in trials conducted in SWWA as these were outside the scope
and capabilities of the SWWA-FARWH project. As such, the South-West
Index of River Condition (SWIRC), which was developed to provide data
to feed into the FARWH, only covers the river aspects of the framework.

1.1 Defining river health

Defining river health follows the same principles as those applied to human health, in
that we are concerned with the elements of system functionality, physical injuries,
diseases, and the ability to withstand change.

The term river health relates to the river’s ecological condition, encompassing the
individual components (e.g. water quality and quantity, diversity of habitats, and
water-dependent plant and animal species) and the relationship between each of
these components (e.g. maintenance of ecological processes, and the interaction
between species and their biotic and abiotic environment). The terms health and
condition also need differentiation, as in many cases these terms are used
interchangeably. Health is a function of the condition of its elements; as such, a
healthy river could be in poor condition. For example, impacts from cattle (erosion,
vegetation loss, nutrients) result in a localised poor condition, yet the river can be
otherwise healthy.
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An appropriate definition for river health is important because historically definitions
have been tailored to the specific needs of particular water users — rather than overall
health. For instance, drinking water providers focus on quality for meeting regulatory
guidelines, whereas irrigators and industrial users are primarily concerned with
quantity. To protect all river uses and values, we require broader definitions of river
health.

Misconceptions about river health definitions can lead to contradictory conclusions
after the review of data (when assessed by various groups) and can be attributed to
differences in the understanding of and response to results. This is common even
among scientists or water resource managers. For instance, a nutrient modeller may
rank systems based on nutrient levels alone, whereas observations of all other
parameters may reveal that a highly nitrified system is otherwise pristine (resilient,
vigorous and displaying a natural level of biological integrity). Similarly, early ideas on
river health proposed measures of vigour (such as metabolism). If these data are not
treated appropriately there is a risk of scoring highly productive systems as healthy
and naturally oligotrophic systems as unhealthy (Costanza 1992).

1.2 Water resources: values and threats

Rivers and streams are critical components of the ecosystem: they are conduits for
the passage of water and associated contaminants to their receiving waterbodies,
support complex and diverse aquatic communities (in-turn supporting fundamental
ecosystem processes such as nutrient cycling) and in many cases drive the structure
and function of surrounding terrestrial ecosystems. The protection of ecosystem
integrity, including protection of all components, is paramount.

The importance of rivers is highlighted by the fact that urban centres and the most
productive agricultural lands are almost all linked to rivers. In terms of the economy,
not only does the intrinsic appeal of rivers drive the recreation and tourism sectors,
but their health promotes the high quality water that underpins almost all of
Australia’s industries. The ‘value of water’ is apparent in everything from commercial
fishing to water for homes (including drinking water), and light industry to agriculture
(irrigation and stock watering). The direct return from these industries (e.g. revenue
from fishing licences and water rates) in Western Australia is in the order of hundreds
of millions of dollars. The return from all the state’s water-dependent industries has
been valued in excess of $30 billion, based on figures from a review of water
resources for the Department of Industry, Tourism and Resources (ACIL Tasman
2007). The value of water hinges on both quantity and quality, which is a direct
function of ecological health.

For all of these reasons protecting SWWA rivers is vital to the state, and given the
dramatic changes they have undergone and their generally declining health over the
past century, the urgency has never been greater. Specific impacts on the health,
function and value of water assets in SWWA are:

e reduced water availability
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e eutrophication

e algal blooms

e contaminated drinking water sources

e loss of biodiversity and riparian vegetation
e sedimentation

e acidification

e salinisation

e proliferation of weeds

e increased water temperature.

1.3 River health assessment strategies

Concern about the degradation of rivers and streams has prompted the introduction
of various systems of assessment. River health status is often difficult to define, but
can be considered in terms of the degree of similarity between a particular impacted
river and an unimpacted river of a similar type. Levels of impact on a river can
therefore be determined by comparing the water quality, biological and physical
characteristics.

Traditional methods for assessing riverine condition have largely relied on sampling
and monitoring of physico-chemical parameters (such as pH), which do not
necessarily provide an easily interpretable picture of a waterbody’s ecological
condition. Rivers are dynamic systems made up of many different elements all
operating together: each one is important and must be monitored and managed in
conjunction with the others. More recent efforts have involved an integrated approach
to assessing river health, whereby characteristics of a waterbody and its catchment
(e.g. depth, width, degree of erosion on banks), flow characteristics, available
habitats and their condition, water quality and biological characteristics are measured
and assessed. Impacts and stresses on a river system may arise from a number of
different sources; for example, through riparian vegetation clearing, changes in water
quality through pollution inflow, or stock access weakening bank stability.

An impact on a river system may affect not only the physical characteristics and/or
water quality, but also the habitats and environment of the fauna and flora associated
with that river. Each of these biological groups will respond in different ways to
stresses in their environment, and therefore can be good tools for diagnosis.

Integrated river health assessment approaches are being adopted and supported
throughout the world: examples include the Water Framework Directive (WFD)
employed in 25 countries across Europe (in operation for 17 years), the Ecosystem
Monitoring and Assessment Program (EMAP) in the United States (30 years), the
Australia China Environment Development Program (ACEDP) in China (two years),
and the River Health Program (RHP) in South Africa (14 years). Each of these
programs includes elements from a range of ecological themes, such as water quality
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and/or quantity, aquatic biota, fringing vegetation and aquatic habitat features. This
approach to river health assessment has also been adopted elsewhere in Australia
(the associated programs will be discussed later in this report).

Department of Water



Water Science Technical Series, report no. 39

2 Background

This section summarises the state of river health assessment in Australia, outlines
the rationale behind a national-level system of reporting and assessment, and
reviews development of the national FARWH.

2.1 Status of river health assessment in Australia

Across Australia river health assessment varies significantly in terms of spatial and
temporal coverage, as well as the type and extent of the information processed to
elucidate a measure of health. A number of states have long-term ecological
monitoring programs applied at the state level. These include the Victorian Index of
Stream Condition (ISC) and the Ecosystem Health Monitoring Program (EHMP) in
Queensland (or previous versions of each). In addition, the Tasmanian River
Condition Index (TRCI) is a multi-parameter assessment approach that has been
developed but not yet implemented. River health assessments in other states are
typically limited to routine water quality monitoring, plus often ad-hoc one-off
sampling events in response to some immediate need.

The inconsistency in river health monitoring and assessment across Australia limits
comparability between states. This prevents effective collaboration, and thus
improvement of processes given that technical commonalities are limited. The
process of prioritising river management at a national level is also hampered.

2.2 Need for a national framework for river health
assessment

As discussed above, effective river health management in Australia requires a
mechanism for national reporting, and associated assessment protocols, to ensure
that data from the different jurisdictions are unbiased and comparable.

A national framework for the assessment of river health would function not only as a
quality control device for the numerous state/regional-based programs, but permit a
more informed prioritisation process at the national level — identifying high
conservation properties, quantifying and qualifying impacts, and highlighting general
trends (e.g. impacts from climate change).
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2.3 Development of the FARWH (addressing NWI
objectives)

Summary Box 2

The National Water Commission has funded development of the FARWH through
the Raising National Water Standards program, as part of implementing the
National Water Initiative’s objectives. The FARWH was brought about in response
to insufficient data across Australia to complete a national assessment of river and
wetland health, identified in the AWR (2005) audit. The FARWH is being trialled in
New South Wales, Queensland, the wet-dry tropics and SWWA, and has been
previously tested in Victoria and Tasmania.

All states/territories in Australia are signatories to the National Water Initiative (NWI),
which is implemented by the National Water Commission (NWC). The NWI's main
aim is to achieve a nationally compatible market, with a regulatory and planning-
based system of managing surface and groundwater resources for rural, social and
environmental outcomes. To help achieve this aim, the NWC administers the
Australian Government’s Raising National Water Standards program. This $250
million program supports implementation of the NWI by funding projects that are
improving Australia’s national capacity to measure, monitor and manage our water
resources.

In early 2006, the AWR 2005 Discovery Phase project investigated the availability of
data with which to conduct a national river health assessment. This process
determined that insufficient data existed in some parts of Australia. The national
FARWH was then developed — which was closely linked to other major health
assessment programs such as the Victorian ISC, Tasmanian Conservation of
Freshwater Ecosystem Values Framework, and the Sustainable Rivers Audit (SRA).

The FARWH attempts to achieve national comparability by prescribing standard
scoring protocols and reporting requirements, including ‘themes’ required to score
within and suggestions for their required elements (‘indicators’). The FARWH also
incorporates appropriate data collection and analysis to promote unbiased and thus
nationally comparable assessments of river health. Even though the FARWH
provides guidance on suitable indicators to measure and monitor under the themes, it
has been designed to allow locally relevant indices to be used, which can be
compared within and across jurisdictions. Further, the FARWH is not intended to
replace existing assessment programs — but rather to provide an overarching
framework to allow any existing programs to report nationally. The approaches used
in the FARWH that have particular relevance to SWWA are described in more detail
in Section 4.

The FARWH has been successfully trialled in Victoria and Tasmania (review of this
work is provided in NWC (2007a), NWC (2007b), NWC (2007c) and NWC (2007d),
and is currently being trialled in New South Wales, Queensland, SWWA (this report
and Storer et al. (in press b)), and the wet-dry tropics.
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3 Applying the FARWH to south-west
Western Australia

The SWWA-FARWH project focuses on developing and implementing the FARWH
for rivers in all natural resource management (NRM) regions except Rangelands. The
project’s geographical extent is approximately from Kalbarri in the north to Esperance
in the east (Figure 1).
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Figure 1 Study area for assessment of the SWWA-FARWH (all natural resource
management areas except Rangelands)

SWWA has a Mediterranean climate with cool wet winters and hot dry summers.
Annual rainfall decreases rapidly with increasing distance from the coast, from
between 900 to 1400 mm/yr to about 350 mm/yr in the most inland areas.
Evaporation ranges from 800 to 1200 mm/yr on the coast to more than 2000 mm/yr
in inland areas. Accordingly, runoff is limited and is primarily from a narrow corridor
within 50 to 150 km from the coast. As a result of this, SWWA rivers vary significantly
in their degree of ephemerality.

Due to the relatively dry climate and associated low flows, SWWA rivers are among
the smallest (length and discharge volume) in Australia. For reference, the
Blackwood River, which is the largest in SWWA, discharges approximately 740
GL/yr, compared with 22 000 GL/yr by the Murray River (Australia’s largest
catchment). Due to these features, SWWA rivers are a particularly valuable resource
for water supply. They also frequently represent unique ecosystem characteristics
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(e.g. faunal assemblages show a high degree of endemism). Further, the limited
water in many areas of SWWA means that rivers are particularly vulnerable to
ecosystem change and contamination.

The FARWH is designed with sufficient flexibility to account for different complexities
and data availability between states (see Section 2.3), allowing for:

e the use of data from established programs to be entered directly into the
framework, following guidelines for data handling and scoring, to produce
nationally comparable assessments

e situations where existing programs are not established and/or data are required to
produce a reasonable assessment (in these cases, the framework provides
guidance on a range of recommended indices and the associated data required)

¢ the data required and associated indicators to differ both between and within
states.

Regardless of the FARWH'’s flexibility, application to SWWA presents a number of
significant challenges, described in the following section.

3.1 Challenges in applying the FARWH to SWWA

The FARWH is built on scoring indicators of a range of ecological conditions based
on departure from reference condition. Reference condition is typically a perceived
current health status without the influence of human impact (accounting for a natural
level of change following human settlement). How reference is defined is somewhat
dependent on data availability and can therefore change depending on the situation
(see Section 4.4).

The process of applying the FARWH is simplified with the application of existing
indicators taken from established state-based ecological programs, or through
development of new indicators with the aid of known historical (unimpacted) data (to
score departure against current conditions).

Applying the FARWH in Western Australia is challenging because the health of our
river systems is poorly understood. There are few historical records of pre-European
condition (the generally accepted reference condition based on the form and function
of rivers before European anthropogenic impacts) and limited current records (lack of
consistency and spatial coverage in existing ecological monitoring programs). In
addition, the uniqueness of rivers in SWWA means the applicability of indicators
developed in other parts of Australia or elsewhere in the world is questionable.

The specific challenges for applying the FARWH to SWWA rivers are listed below:
Environmental challenges

River systems in SWWA are unique in many ways. This means not only that
protecting them is vital, but also that established indicators of health (developed in
other areas) are predominantly ineffective or require significant ground-truthing.
Relevant attributes of SWWA rivers include:
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e High degree of endemism: 80% of native fish (Allen 1982) and 100% of native
crayfish are found only in local waters of SWWA. This is similar for
macroinvertebrates; for example, Odonata, Trichoptera and Plecoptera orders
consist of 39%, 100% and 70% endemic species respectively (Watson 1962;
Hynes & Bunn 1984; Neboiss 1982 — all cited in Sutcliffe 2003; Bunn & Davies
1990). Further, the general biology of these species is poorly understood and
limited data are available on species dynamics before human impact. This is
related to the historical isolation from the rest of Australia and increased aridity in
the past.

e Paucity of species: SWWA has the lowest natural diversity of fish and invertebrate
species in coastal Australia (Bunn & Davies 1990). For example, the native fish
fauna of SWWA includes only nine species in five families, along with five
diadromous species in three additional families (e.g. Geotria australis, the
pouched lamprey) compared with around 50 species in 17 families known from
the south-east (Allen 1982; Merrick & Schmida 1984). The expected diversity of
fish and crayfish in SWWA is typically around six to seven species, with the
exception of the coastal rivers east of Albany (south coast) where only two
species are commonly found. Note: maximum diversity across the region rarely
exceeds 10 species. Macroinvertebrates are typically restricted to less than 30
families in most SWWA systems, with less than 50% of the number of species
expected in the east (Bunn & Davies 1990). Note: SWWA does contain the most
representatives of Cherax spp. within Australia (approximately one third of those
recognised within Australia) (Riek 1969; Austin & Knott 1996).

e Low diversity: This reduces the robustness of many established indices due to the
high degree of impact that would be interpreted if species were not collected at a
particular site. For instance, if only one of the two fish species in the south coast
area is collected (which could be attributed to catchability alone) this would relate
to a 50% loss of diversity, yet a 50% reduction in health score in this case is
unlikely to be an accurate representation of fish health.

e Ephemeral, episodic and seasonal systems: SWWA is dominated by non-
permanent systems, with many rivers forming a series of disconnected pools
during the summer months or even drying out completely. Field sampling is
mostly conducted in spring to comply with national standards for
macroinvertebrate assessments (AUSRIVAS), which is the time when systems
are beginning to dry up. Most indicators for river health assessment assume
flowing water, especially indices of aquatic biota.

e [ow productivity: Low nutrient inputs combined with infertile soils equates to low
productivity in south-west streams: the key driver of low species richness and
diversity of the biota. This is highlighted by fewer grazing invertebrates, smaller
body size and low diversity in feeding groups (Bunn & Davies 1990).
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Data and associated logistical challenges

There are no established statewide ecological assessment programs in Western
Australia with which to form the basis for FARWH indicators. Programs that are
currently active in SWWA include two localised ecological health monitoring
programs (described below) and a number of wider-reaching programs that collect
only specific elements of ecological information (primarily water quality and quantity).
Relevant ‘specific-element’ programs are included in the list of data sources
examined within the SWWA-FARWH trials (see Table 22) and are discussed in more
detail in Storer et al. (in press b).

The River Health Assessment Scheme (2007-10 and ongoing)

The River Health Assessment Scheme (RHAS) incorporates 20 sites within the Swan
Coast SWMA that are monitored annually in spring for fish and crayfish,
macroinvertebrates, riparian vegetation, water quality and physical form.

As part of evaluating the FARWH for SWWA rivers, data from the RHAS program has
been tested against the framework. The RHAS program is described in more detail
later in this section, within Applicability of existing river health programs, and scores
are provided in Section 5.3.

Ecological values of waterways of the south coast region (2008)

This program was conducted for the Department of Water by the Centre of
Excellence for Natural Resource Management (CENRM) in Albany, with funding from
South Coast Natural Resource Management (SCNRM). It set out to conduct a
comparative assessment of the ecological values of selected river systems in the
south coast region. An ecological snapshot was taken of fauna and flora, habitat and
water quality. This was a once-off sampling effort, conducted in 2008, which was
designed to help identify the presence and location of biodiversity hotspots, rare
species and areas of high endemism. At the time this report was compiled there was
no intention to repeat this survey. In addition, it was not designed to assess ‘river
health’. Where applicable, data collected were used as background information for
the SWWA-FARWH trials, both in terms of site selection and as interpretive data to
compare and contrast results (but were not put through the framework).

Given the lack of pre-existing programs from which to form the basis for selecting
indicators for the SWWA-FARWH trials, indicators had to be developed and/or tested
and associated data had to be sourced either through desktop analysis or field
collections. Specific data deficiencies are summarised below:

e Surface water management areas (SWMAs) were defined for the National Land
and Water Resources Audit (NLWRA) and are broadly based on river basins with
some amendment for management purposes as determined by each state. All
states except Western Australia and Tasmania split basins into smaller areas —
consequently SWWA has a number of large SWMAs. This has implications for
sample size (number of reaches required to adequately represent the range of
conditions within the SWMA) and for logistical arrangements (travel between
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sites). Figure 2 demonstrates the large size of SWMAs in SWWA and differences
in SWMA size between regions, comparing the Avon River SWMA in SWWA with
Tasmania.

4
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AVON RIVER SWMA
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Figure 2 Comparison of Avon River SWMA in SWWA with Tasmania

Reaches defined for the Assessment of River Condition (ARC reaches, see Table
22) were coarse (derived from a nine-second digital elevation model (DEM)) and
poorly aligned with watercourses (up to 2 km away in places), while validation
against topographic mapping data was incomplete (i.e. reaches were defined
through swamps and included reservoirs and estuaries). Considerable effort was
required to manually validate the 990 reaches in the study area (see Section 4.2,
Defining and validating reaches).

ARC reaches (the grain size used for the FARWH assessment) were not
topographically homogenous, with a number of reaches extending from upland to
lowland areas. It is understood that this occurred because reach delineation was
based on algorithms developed in the eastern states where topographic
differences are greater than in SWWA. Even though the changes in topography
are less pronounced in SWWA they are still of ecological significance; for
example, the structure of macroinvertebrate communities changes between
upland and lowland rivers in south-western Australia (Davies 2005).

A network of river health sampling sites does not exist in SWWA. Established
sites exist for water quality and macroinvertebrate sampling, but often these are
unsuitable for fish and crayfish sampling methods, and are closer to road
crossings than is desirable for river health assessment field work.

A number of spatial datasets are not available at a currency or resolution ideal for
analysis. For example, the most current land use data covering the whole study
area is from 1996 to 2001 (NLWRA Land Use, see Table 22). The Department of

Department of Water 11



The FARWH for flowing rivers of south-west Western Australia: project summary and results

Agriculture and Food Western Australia (DAFWA) updates the dataset on an
ongoing basis, however it does not provide a snapshot of land use in a single
year. Other examples include farm dams (incomplete coverage for SWWA),
artificial channels (at a finer resolution than 1:250 000 scale) and fire scar
mapping (at a finer resolution than 1 km pixels).

In addition, SWWA does not have spatial datasets for stream order, stream width,
riparian vegetation mapping or vegetation structure of pre-European vegetation
communities.

Summary

SWWA'’s lack of existing monitoring programs, limited data for determining current
and historic ecological conditions, and unique environmental conditions have resulted
in a poor understanding of ecological health — this made it challenging to apply the
FARWH to the region’s rivers.

To trial the framework, many fundamental datasets required creation or modification
(e.g. reach definition datasets), in addition to the generation of ecological data to
develop appropriate indicators of health for SWWA systems. To do this, a significant
field and desktop data-gathering exercise was required: the approach taken is
described below.

3.2 Description of the SWWA-FARWH trials

As introduced above, application of the FARWH to SWWA rivers required a
significant field and desktop component to generate sufficient data to develop and
test appropriate ecological indicators.

Two field trials were conducted to meet this need, the first in spring 2008 and the
second in spring 2009 (incorporating lessons from the first trial). These trials were
designed to test indicators that could then be applied to generate the 2005 baseline-
year assessment. Indicators that were not directly applicable to 2005 (due to
insufficient data to populate) were also included in readiness for ongoing
assessments. This report includes river health scores for all SWMAs assessed in the
200809 trials (using the full suite of available indicators). The 2005 assessment is
discussed below. For a detailed account of indicator development and testing see
Storer et al. (in press b).

Note: for the field-based component of the SWWA-FARWH, systems where water
was not present, or not flowing, at the time of sampling were not included because
they would have required a separate scoring protocol. Given time constraints this
was not possible. As such, the SWWA-FARWH protocol reported here applies to
systems where flow was present at the time of sampling. For those themes that were
desktop based (such as Catchment Disturbance), all reaches were assessed.
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Retrospective analysis of river health for 2005

An important component of this project was to conduct the 2005 data review to
provide the baseline year for the NWI (see Section 2.3). To achieve this, a
comprehensive data sourcing exercise was undertaken and assessments carried out
for all SWMAs.

Due to deficits in data availability, the final scores within some themes were limited.
These are discussed with the assessment results in Section 6.1.

Applicability of existing river health programs

As mentioned previously, the FARWH was designed to be used with existing state-
based programs, so that data generated for state or regional management needs
could be put through the framework to achieve an assessment comparable among
states and applicable at a national review level. This aspect of the FARWH is
primarily targeted at established programs in Victoria, Queensland and Tasmania.

One applicable program does exist in SWWA: the RHAS. This program is only in its
infancy, having been developed and trialled between 2007-10 (ongoing), however
data from the RHAS were tested against the framework to elucidate the relationship
between scores generated for local objectives and those for national audiences. The
RHAS is described below.

The River Health Assessment Scheme

Development of the RHAS was funded by the Australian and Western Australian
governments’ investment in the National Heritage Trust, administered by the then
Swan Catchment Council in the Swan Coast Region. The project’s aim was to
develop a multi-parameter river health assessment scheme for the rivers and drains
of the Swan-Canning catchment. As such, the scope was targeted in the selection of
indicators and assessment methods. The RHAS collects data under five indicator
types (the equivalent of the themes in FARWH), which are:

1 physical form
water quality
riparian vegetation

macroinvertebrates

a ~ ODN

fish and crayfish

The RHAS was based largely on the Victorian ISC and South East Queensland’s
EHMP, with modifications to suit local conditions. To date, four years of data (2007—
10) have been collected, covering 20 sites from 12 of the 31 subcatchments in the
Swan-Canning catchment. Report cards based on preliminary assessment of
subcatchment health have been prepared but not yet published. If you wish to
view/obtain a copy of the draft RHAS report cards, please contact the Department of
Water’s Water Science Branch.
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Given the small amount of data and the associated limitations of spatial and temporal
scale, it is not yet possible to determine how robust or sensitive the RHAS is.
Spatially the assessments are limited because only two sampling sites were used to
determine the score for each of the subcatchments monitored. It did, however,
perform well in its first year of use, based on a close alignment between the scores
from the RHAS model and expert opinion on the condition of selected systems. For
more information on the RHAS, see Galvin et al. 2009a and Galvin et al. 2009b. A
limitation of the RHAS is that it has been developed specifically for one river system
(the Swan-Canning) — thus it cannot easily be applied to other areas without
modification. However, the sampling techniques used — especially for water quality,
macroinvertebrates and fish and crayfish — are reasonably standard and hence make
the data broadly comparable. For example, macroinvertebrates were sampled using
the national AUSRIVAS techniques.

The results from applying the RHAS to the SWWA-FARWH are discussed in Section
5.3.

3.3 Objectives

The overall objectives of the SWWA-FARWH project are to:

a. Assess the national FARWH for its relevance and applicability in meeting
state-level requirements for monitoring and assessing aquatic ecosystems.
Specific objectives embedded within this requirement are the:

e development of robust indicators to represent ecological health, with
associated data collection/generation

e establishment of a ‘reference condition’ for SWWA rivers — through
literature review, modelling, expert consultation and field validation — to
provide the baseline for comparison of current health status

e generation of data based on current health status to populate ecological
indicators for selected SWMAs trialled in 2008—09 and for the 2005
baseline-year assessment.

b. Examine correlations or redundancies with existing regional assessment
frameworks and state-level water quality monitoring programs.

c. Assess whether one river health approach can be used to provide both state
and national needs.

d. Present a picture of water management and its relationship to river health for
each trial region.

e. Develop an implementation plan for the FARWH’s roll out including monitoring
scale and frequency.

f. Provide links to future reporting frameworks under the Australian Water
Resources Information System (AWRIS).
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Vision

Once developed, it is hoped the FARWH will aid in prioritising both broad and
specific management needs; will help develop rules for integrated management of
environmental, social and economic factors (e.g. characterising environmental water
requirements to inform water licensing and allocation planning); and generally
provide a standard approach for ongoing monitoring — including targeted works such
as land use impact assessments or gauging the effectiveness of specific
management actions (with associated ongoing modifications).
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4 Summary of approaches used in the
FARWH trials

The approaches used for the SWWA-FARWH trials follow the general guidelines
outlined in the FARWH documents (NWC 2007a; NWC 2007b) created as part of the
AWR 2005.

4.1 General principles of the framework

The FARWH attempts to achieve two key objectives: the first being nationally
standardised scoring and reporting and the second being an ecologically robust and
accurate assessment protocol.

To achieve the first objective, the FARWH recommends a number of standard
methods; for example, indices need to be:

¢ relative to reference (generally pre-European conditions)
e linear and range standardised to 0—1, in increments of 0.1

e divided into condition bands (Table 1).

Table 1 Condition bands used for scoring in FARWH

Band definition Score range
Largely unmodified 0.8-1.00
Slightly modified 0.6-0.79
Moderately modified 0.4-0.59
Substantially modified 0.2-0.39
Severely modified 0-0.19

To achieve the second objective, the FARWH is based on the premise that ecological
integrity is represented by all the major components of the aquatic ecosystem. In light
of this, to adequately determine health the FARWH recommends assessment within
six themes. These are:

1 Catchment Disturbance
Hydrological Change
Water Quality

Physical Form

a A ODN

Fringing Zone
6 Aquatic Biota.

This recognises the importance of capturing multiple lines of evidence when
assessing any complex environment, as supported by most waterway health
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monitoring programs around the world (e.g. EMAP in the United States, WFD4 in
Europe and RHP in South Africa) [see example provided in Summary Box 3].

Summary Box 3: Example of the importance of multiple lines of evidence

Biota is often recognised as the most important indicator of river condition (NWC
2007a). However, unless monitoring is continuous and includes all types of biota,
certain types of disturbance may go undetected, may only be detected after
severe impairment, or a lag may exist between impact and response. Further,
monitoring biota alone may only indicate a level of disturbance rather than cause;
therefore measures of habitat and catchment condition are also recommended.

To meet the need for an accurate and consistent (temporally and spatially)
assessment of river health, the FARWH provides guidance across a number of
critical areas that underpin all assessment and reporting methods. These are:

e reporting and assessment scales

e reach and site selection strategies

¢ indicator selection principles

e reference condition

e dealing with missing data

¢ integration and aggregation protocols
e data analysis.

The FARWH includes a certain degree of flexibility within each of these elements to
provide enough scope for the diverse range of conditions present across Australia. It
should also be noted that the FARWH does not attempt to replace any existing
programs, rather it aims to provide an overarching framework to report nationally.

The approach taken within each of these areas for the SWWA-FARWH trials is
described in the following sections.

4.2 Reporting and assessment scales

For national consistency, reporting within the FARWH is conducted at the SWMA
scale. SWMA boundaries are taken from the Australian Surface Water Management
Areas (ASWMA) dataset (see Table 22 and Figure 3). These boundaries were
created for the NLWRA and are broadly based on river basins with some amendment
for management purposes as determined by each state. Note that the Department of
Water has subsequently further refined the SWMAs in Western Australia but these
changes are not currently reflected in the ASWMA dataset.

The minimum grain size used for assessments to generate SWMA scores is the river
reach. River reaches were developed as part of the Australian ARC (known as ARC
reaches, see Table 22), and subsequently modified following validation within the
SWWA-FARWH trials. An overview of the ARC reaches and an explanation of how
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the reach dataset was improved are discussed later in this section: Defining and
validating reaches.

SWMA selection: 2005 baseline-year assessment

As was introduced in Section 3, the SWWA study area is defined as all NRM regions
with the exception of Rangelands. For the 2005 baseline-year assessment, all
SWMAs with the majority of their reaches existing within the SWWA study area were
assessed. This excludes five SWMAs that cross the boundary into the Rangelands
NRM region (most of their recognised reaches being outside the SWWA study area):
Wooramel River, Murchison River, Yarra Yarra Lakes, Ninghan and Salt Lake (Figure
4).

The Avon River SWMA was also excluded from the 2005 assessment. This was
primarily due to ephemerality, making many data collection methods and scoring
protocols inapplicable. Development of a separate protocol for assessing this system
is recommended for the future.

SWMA selection: 2008 and 2009 trials

Field trials for the SWWA-FARWH project focused on the development, trialling and
refinement of indicators. To this end, a number of SWMAs were chosen for
investigation in 2008 and 2009 to represent the range of conditions present in
SWWA, thus enabling the development of indicators appropriate to the scales of
impact, catchment types and general ecological diversity. That is, an attempt was
made to capture the existing natural and impacted chemical, physical and biological
variability in order to test scoring protocols. The SWMAs selected for assessment in
the SWWA-FARWH trials are shown in Figure 3.
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Figure 3 SWMAs chosen for assessment in the SWWA-FARWH trials

An overview of the conditions associated with each of these SWMAs, justifying their
inclusion in the trial design, is provided below. This information is provided to support

discussion of the scores that follows later.
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Moore-Hill Rivers SWMA (2008)

The Moore-Hill Rivers SWMA lies north of Perth and has an area of 24 533 km? (see
Figure 4). It has three main rivers: the Moore, the Hill and the Nambung. Rainfall
varies across the SWMA from approximately 650 mm in the south-western corner to
approximately 300 mm in the north-eastern corner (mean annual rainfall 1975-2003,
see Table 22). A large proportion of the SWMA has been cleared and the
predominant land use is non-irrigated cropping. While there are no major dams in the
SWMA, there is a heavy reliance on groundwater. Areas of nature conservation are
present, predominantly near the coast, although there are no identified Wild Rivers
(near-pristine rivers as identified by the Wild Rivers Project in the 1990s).

Dalwallinu

o~

Moore-Hill Rivers surface
water management area
—— Rivers (DoW 2007)
SWMA (GA 2000
[ 1 Moore-Hill Rivers
[] Other
o Town (Landgate 1987)
Landuse (DAFWA 2001)
Agriculture
I Forestry
Urban / Mining
Conservation
Water

0 0 20 40 km

gg?z Governmert ¢l Western Australla
L B Cesartment ot Water
L

ez

MON Jei\? 2
a,;c 9

%OUBJE‘H
/.[}@r j

Las, 79

It
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Collie River SWMA (2008)

The Collie River SWMA lies south of Perth and covers 3717 km? (see Figure 5). The
Collie River system extends approximately 100 km inland, draining forested areas,
wetland and farmland of the Darling Range and the edge of the Yilgarn Plateau
before discharging into the Leschenault Inlet. There is one main river system in the
SWMA: the Collie River. Rainfall near the coast is approximately 800 mm annually,
increasing to 900 mm over the Darling Scarp and then decreasing again to
approximately 550 mm on the eastern boundary (mean annual rainfall 1975-2003,
see Table 22).

More than half of the SWMA remains uncleared, with large areas of forest still
present east of the Darling Scarp. There are a number of coal mines in the SWMA as
well as coal-fired power plants. Two large dams are present, one on the Collie River
(Wellington Dam — irrigation) and one on the Harris River (Harris Dam — potable
water) as well as numerous smaller ones. Other hydrological modifications include
training of the river around the Collie townsite to reduce flooding and diversions
around coal mines. Many rivers are brackish due to clearing for agriculture and
mining, with trend data highlighting increasing salinity in some areas (Mayer et al.
2005). There are no Wild Rivers present in this SWMA.
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Figure 5 Collie River surface water management area
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Albany Coast SWMA (2008)

The Albany Coast SWMA lies on Western Australia’s south coast and extends from
Albany to Bremer Bay (see Figure 6). It is 19 604 km? and has approximately 15 river
systems, the largest of which are the Pallinup, Kalgan and Fitzgerald. Rainfall varies
from around 950 mm annually at the western point on the coast to 350 mm along the
northern boundary (mean annual rainfall 1975-2003, see Table 22). Cropping
constitutes the major land use and there is a large nature conservation area in the
SWMA'’s south-east, as well as another small area in the central west (Figure 6).
Areas of plantation forestry are present in the SWMA'’s south-western corner (mostly
Tasmanian blue gums). There are no large dams present (though there are many
farm dams). Two Wild Rivers catchments (the Saint Mary and Dempster rivers) are
present, both in the nature conservation areas in the south-east.
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Harvey River SWMA (2009)

The Harvey River SWMA is 2001 km? with the main river, the Harvey, extending
approximately 20 km from the coast into the Darling Range (Figure 7). Its headwaters
drain forested areas of the scarp and the intensely farmed regions of the Swan
Coastal Plain before discharging into the Harvey Estuary. Most of the coastal plain
has been cleared to support agricultural and mining activities. The Harvey River’s
hydrology has been highly modified via drainage developments constructed in the
1930s to prevent flooding and enable farming. It formerly meandered through an
extensive low-lying seasonal wetland system but is now represented by a network of
straight drains with varying levels of maintenance (some are excavated annually).
The hydrology is further altered by the construction of a major diversion to the ocean
and two dams supplying water to the Perth metropolitan area. Water flow in the river
has increased dramatically, primarily because the watertable has been raised due to
clearing. Nutrients, especially nitrogen and phosphorus, are elevated. The SWMA
has some of the most nutrient-enriched waters of the South-West Drainage Division
(Bussemaker et al. 2004, unpublished). Turbidity in the river is also high — a result of
significant riparian vegetation loss, catchment clearing and possibly mining activities
near the scarp. Annual rainfall varies between 750 mm near the coast to 1000 mm
annually along the eastern margins (mean annual rainfall 1975-2003, see Table 22).
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Preston River SWMA (2009)

The Preston River SWMA is 1135 km?. The Preston River's headwaters are situated
80 km inland on the Darling Range. It then runs through the Blackwood Plateau and
Swan Coastal Plain (Figure 8). Forested remnant vegetation remains throughout the
headwaters, but most of the lower catchment has been cleared. The hydrology has
been altered via river straightening near the Bunbury townsite (to reduce flooding)
and a water supply dam (Glen Mervyn Dam above Thomson Brook which is used for
irrigation and recreational purposes). Most of the system is fresh, due to low levels of
land clearing in the upper catchment, with a trend of decreasing salinity over recent
years at Thomson Brook (measurement station 611111) and Preston River
(measurement station 611004) (DEWHA 2009b), potentially due to improved
management practices in agricultural areas.

Annual rainfall varies between 750 mm along the western and eastern parts of the
SWMA to 900 mm in the centre (mean annual rainfall 1975-2003, see Table 22).
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Busselton Coast SWMA (2009)

The Busselton Coast SWMA is 3057 km? and consists of many short river and creek
systems primarily confined to the coastal plain between Bunbury and Augusta
(Figure 9). The larger river systems — the Capel, Ludlow, Abba and Sabina — have
headwaters in the Darling and Whicher ranges. Rainfall varies between 800 and
1100 mm annually, with the highest rainfall occurring in the south-western corner
(mean annual rainfall 1975-2003, see Table 22). The natural drainage has been
highly modified to drain low-lying areas of the Swan Coastal Plain for agriculture,
primarily dairy farming. Five of the river systems have been diverted from the Vasse-
Wonnerup estuary to discharge directly to the ocean. A number of creeks along the
Leeuwin-Naturalist Ridge, discharging to Geographe Bay, contain near-intact fringing
vegetation.
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Shannon River SWMA (2009)

The Shannon River SWMA is 3295 km? and incorporates the southern Darling
Plateau and parts of the Ravensthorpe Ramp and Scott Coastal Plain (Figure 10).
Three main rivers, each less than 50 km in length, are present: the Gardner
(discharging directly to the ocean), the Shannon (discharging to Broke Inlet) and the
Deep (discharging to Walpole-Nornalup Inlet). This region has the highest rainfall in
SWWA, in excess of 1150 mm/yr in the south-western corner and along coastal
margins, but decreasing to 700 mm in the SWMA's northern section (mean annual
rainfall 1975-2003, see Table 22).

Only small areas of the Shannon River SWMA are cleared for agriculture, with the
majority of the catchment being covered in dense remnant vegetation. A large
percentage of the Broke Inlet is protected by conservation estates (the remainder
being managed resources and some horticulture), while most of the inland waters of
the SWMA are fresh.
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Denmark River SWMA (2009)

The Denmark River SWMA is 2617 km?. It is predominantly drained by the Denmark
River, which extends approximately 50 km inland, and the Hay River, which extends
around 80 km inland (Figure 11). Wilson Inlet, a seasonally open estuary (by an
artificial opening determined by inlet water levels), is the receiving environment for
both systems. Rainfall varies from 1050 mm in coastal areas to 650 mm/yr around
the headwaters (mean annual rainfall 1975-2003, see Table 22). Native jarrah
forests and wetlands become increasingly cleared for farming from west to east. A
number of smaller systems exist between Parry Inlet and Oyster Harbour (e.g.
Sleeman River). This area is predominantly cleared and contains rural drains. The
Denmark River SWMA has signs of salinisation due primarily to clearing, however
the extent is difficult to quantify because surveillance is limited. The Denmark River is
also the most eastern river to be dammed for public water in SWWA, although the
dam has recently been decommissioned.
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Defining and validating reaches

The minimum grain size used for assessments to generate SWMA scores is the river
reach, defined as an ‘...aggregation of river links that identifies a section of river with
relatively uniform physical characteristics’ (DEWHA 2009a).

The FARWH has the flexibility to enable each state to define its own reaches. The
process of defining reaches was investigated for SWWA but was found to be beyond
the timeframe and resources available for the current project.
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As mentioned at the start of this section, the reaches used for the SWWA-FARWH
trials were developed as part of the ARC (known as ARC reaches, see Table 22),
which formed part of the NLWRA |. The ARC reaches were defined using the
following process (for a full description see Norris et al. 2001):

A stream network of river links was generated from the Geoscience Australia
nine-second digital elevation model (DEM) (approximately 250 m pixels). The
minimum catchment area for initiating a reach was 50 km?, and the minimum
catchment area for all links was 75 km?.

Links were split at the entry and exit to reservoirs and lakes as mapped in
1:2.5 million scale topographic data.

Links were concatenated to reaches based on a series of rules relating to link
slope and catchment area, which form a surrogate for stream power.

Stream networks were checked against named streamlines in the Geoscience
Australia 1:250 000 topographic map series. Links that did not match with named
streamlines were excluded as they represented DEM-generated flow
accumulations (these do not occur as watercourses on the ground): some
examples are dispersion of flow, terminal lakes and lack of flow through dune
systems.

Despite the checking process described above, a number of errors were found in the
ARC reaches dataset, including:

areas of low-lying land or wetlands defined as reaches

reaches extending to the ocean where the system actually terminates in a lake or
flows underground

unconnected streamlines incorrectly connected together

large reservoirs defined as reaches; for example, Harris Dam in the Collie River
SWMA is not mapped at 1:2.5 million scale but is 14 km in length, covering just
under half of the length of reach 6120836 which runs through it.

To overcome these errors all reaches in the SWWA project area were validated. The
validation process also addressed two other issues, those of short reaches and
estuaries (see below):

Short reaches: the ARC reaches dataset included a number of very short
reaches: 33% of the reaches in the study area (including the Avon River SWMA)
were < 5 km long, with the shortest being 0.07 km. Short reaches are artefacts of
generating a stream network from a DEM and do not necessarily represent
stretches of river with homogeneous characteristics. In addition, field sampling
was conducted at a site defined as a 100 m length of river; therefore it was
necessary to set a minimum reach length appropriate for the sampling method.
Based on the best professional judgement of the authors, the minimum reach
length was set at 2 km for SWWA. It is acknowledged that this value will need
further validation in the future.
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Estuaries: A number of ARC reaches were defined through estuaries. The
scoring protocols developed under the SWWA-FARWH trials were appropriate
for freshwater systems only and so could not be applied to estuaries; as such,
estuarine portions needed to be addressed.

The following manual validation process was completed for the 990 reaches in the
study area:

Reaches were checked for length. If a reach was < 2 km in length it was merged
with the reach upstream (or the reach downstream if there was no valid reach
upstream), except for initiating reaches which were left intact. (Note: this process
follows advice from Richard Norris, pers. comm. 2010.)

Reaches were checked against streamlines in 1:250 000 scale topographic
mapping data (Hydrography theme from GEODATA TOPO 250K Series 3 and a
beta version of AusHydro v1.0, see Table 22) and were marked accordingly as
hydrologically valid, partially valid or not valid. Note: the 1:250 000 topographic
mapping data was used as the primary source for validation, however in cases
where known streamlines were not mapped at this scale, the reach was checked
against more detailed hydrography datasets (Hydrography Linear Hierarchy and
Hydrography Linear, see Table 22).

Reaches were checked for estuarine characteristics using the Hydrography
Linear Hierarchy dataset. If < 2 km of the reach was estuarine it was considered
to be valid; if > 2 km was estuarine it was marked as non-valid.

The three factors above were used to determine the overall validity of each reach
(valid, partially valid or not valid). Of the 990 original ARC reaches in the study
area, 948 remained after validation (i.e. 42 were merged with other reaches in
accordance with the minimum reach length). Of these, 642 were valid, 81 were
partially valid and 225 were not valid (Figure 12).

Reaches were checked for the presence of lakes and reservoirs mapped at
1:250 000 scale (Hydrography theme from GEODATA TOPO 250K Series 3 and
a beta version of AusHydro v1.0), the presence of waterbodies were noted and
sampling was amended accordingly (e.g. extent of fringing zone scores excluded
waterbody portions of reaches because this would have resulted in an
underestimate of vegetation along the banks of the river portion of the reach).
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Reach validation
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Figure 12 Reach validation for SWWA (coloured lines represent reaches as defined
in the ARC reaches dataset, red and purple sections represent partially
valid and invalid reaches respectively)

A further problem with the ARC reaches dataset was that some reaches were very
long (up to 105 km, see Table 2) and did not appear to represent sections of river
with homogenous characteristics. For example, reach 6110924 in the Preston River
SWMA is 59.5 km long, extending from an elevation of 175 m on the Darling Scarp to
sea level on the Swan Coastal Plain. While this difference in altitude is small relative
to other parts of Australia (e.g. the highlands of Tasmania), it is of ecological
significance for SWWA given that, for example, the structure of macroinvertebrate
communities changes between upland and lowland rivers in the region (Davies
2005). Note: a trial was conducted where two long reaches in the Denmark River
SWMA were split to analyse the effect of the reach definition process. The results of
this trial are assessed outside this report.

Table 2 shows a summary of the reach statistics discussed above for each SWMA
assessed within the SWWA-FARWH trials.

30 Department of Water



Water Science Technical Series, report no. 39

Table 2 Attributes of surface water management areas of Western Australia
assessed within the SWWA-FARWH trials

SWMA/ SWMA Total No. of No. of Valid reaches
AWRC area no. valid partially
SWMA basinno. (km? reaches reaches valid Shortest  Longest
reaches reach reach
(km) (km)
Esperance 601 20 154 123 61 15 1.55 53.11
Coast
Albany 602 19604 154 86 9 214 105.74
Coast
Denmark 603 2617 21 11 0 7.77 46.49
River
Kent
en 604 2493 30 13 3 3.38 65.16
River
Efa”k'a”d 605 4651 29 26 1 3.08 44.40
ver
g‘a””o” 606 3295 12 11 0 4.24 55.04
ver
Warren 607 4408 26 24 2 3.64 49.46
River
Donnelly 608 1725 11 7 1 6.49 48.05
River
E'.aCkWOOd 609 22590 201 119 21 0.31 59.38
ver
Busseiton 610 3057 18 12 0 32 48.94
Coast
ETeStO” 611 1135 3 3 0 24.35 59.52
ver
Nl
Collie 612 3717 22 20 0 2.55 41.38
River
Harvey 613 2001 18 13 1 1.09 21.95
River
Murray
River (WA) 614 9941 62 53 1 0.7 53.46
Swan 616 8237 52 42 1 2.27 38.62
Coast
Moore-Hill 617 24 533 94 59 9 257 47.75
Rivers
Greenough 701 25 029 114 82 17 1.66 56.17
River
Total 990 642 81

*The total number of reaches pre- and post-validation is different as in some cases reaches were merged or were
too small for assessment.
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The final issue identified in relation to the ARC reaches is their failure to align well
with streamlines mapped at a finer resolution, being up to 2 km away in places. This
is an artefact of generating a stream network from a coarse DEM. It has implications
for indicators which are scored using geographical information systems (GIS)
analysis. For example, using the ARC reaches to analyse the width and length of
fringing vegetation will result in false results in locations where fringing vegetation
only remains in narrow corridors alongside the streamline. In this instance the
misaligned ARC reach is likely to fall on a cleared paddock adjacent to the river,
resulting in poor vegetation width and length scores.

For the purpose of the SWWA-FARWH trials, these challenges have been addressed
by reconstructing the reaches from 1:250 000 scale topographic mapping
(Hydrography theme from GEODATA TOPO 250K Series 3 and a beta version of
AusHydro v1.0, see Table 22) which align more closely with the actual location of
waterways. Reaches were reconstructed for the valid ARC reaches and the valid
portions of partially-valid ARC reaches. It includes portions of reaches running
through lakes and reservoirs but excludes estuarine portions of reaches. The original
reach identification numbers from the ARC reaches have been retained. Reference
to the Reconstructed Reaches dataset is provided in Table 22.

Future direction

It is recommended the Reconstructed Reaches dataset be used for all future
assessments (until reaches are redefined) to reduce the amount of error associated
with scoring.

It is further recommended that reaches be defined specifically for SWWA. This would
allow the reaches to be tailored to the region’s topographic conditions and enable
finer-resolution DEMs and topographic mapping to define reaches that align more
closely with actual watercourses. The possibility of defining reaches based on
physical characteristics additional to stream power should be investigated. This could
include geology, rainfall and vegetation zones; that is, any features that under
unimpacted conditions may influence the form and function of an aquatic ecosystem.

Reach selection strategy

For most indicators of the SWWA-FARWH, all reaches within each SWMA were
assessed in their entirety using desktop-based methods. For some indicators, such
as Aquatic Biota, field assessments were needed. These assessments also provided
supporting information or ground-truthing for many of the desktop-based indicators.

All indicators within the SWWA-FARWH are assessed at the reach scale and then
results are aggregated to provide an assessment of the whole SWMA. As such,
reach selection for field-assessed indicators is a critical element for assessing a
SWMA. Note: the assessments described in this report are made for the purpose of
national reporting and the results must be used accordingly [see Summary Box 4].
With this in mind, the selected reaches must achieve the following objectives:

e return an assessment that is representative of the SWMA'’s condition
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e be sufficient in number for statistical analysis to help the development of
indices and scoring protocols

e meet field sampling practicalities (e.g. accessibility).

Summary Box 4

Reach assessments can be derived both from desktop analysis and field
assessment of representative sites within the reach. Reporting outside of NWC'’s
FARWH requirements can be made at any scale, but for local management,
scores and associated data must be considered at the level it was created for. For
example, indicators within the FARWH Fringing Zone theme target broad
dynamics (e.g. vegetation length/width) and are not designed to highlight many of
the specific conditions that resource managers need for local assessments.

The recommended strategy for representative and unbiased selection of reaches for
field assessment is either a completely randomised design (CRD), where reaches
are chosen via some form of random number generation, or a randomised block
design (RBD). A RBD involves a randomised selection of reaches (following the
same method as for the CRD) within any number of strata. The use of strata is
designed to represent major zones across a landscape (e.g. upland and lowland
divisions) to ensure that each zone is reflected fairly in final scoring. These zones
should be limited to natural conditions rather than types of impact, as the theory
behind RBD is to separate assessment of components displaying different natural
ecological dynamics (form and function). Note: different indicators or scoring
protocols are recommended when assessing areas that behave differently —
highlighting the different strata makes this process more transparent.

Finally, it should be noted that selecting too many strata has the potential to
confound interpretation. (For more discussion, see outcomes from the FARWH
workshops. While these workshop reports were not publicly released, the NWC can
be contacted for the information gained in these sessions.)

However, for the 2008 SWWA-FARWH field trials, reaches were selected with the
primary goal of developing robust indicators. This required testing indicators against
the complete scale of impacts existing in the study area, and therefore ensuring that
all potential stressors were assessed within the range of natural ecological zones.
This involved the use of multiple impact-type and ecological strata (e.g. land use
types, geology, topography, rainfall) — effectively a complex RBD. Reaches were also
selected based on availability of existing data, as temporal data comparison was
desired to determine and test indicators against natural variability.

Given these considerations, the method used for reach selection needed to be a
robust and scientifically defensible process. To demonstrate the method adopted for
the 2008 trials, the Albany Coast SWMA has been provided as an example. The
following environmental variables/attributes and datasets were assessed to select
sites across the Albany Coast SWMA:
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Natural ecological aspects:

watercourse hierarchy (main channel, major and minor tributaries)

e topography/altitude

e rainfall

e geology

o fish distributions (consideration of potential areas of rare and endangered fauna).
Impact types:

e land use

e specific potential impacts (dams/extraction areas).

Existing data:

¢ includes data such as aquatic biota and gauged water quality records.

Each of these variables/attributes for the Albany Coast SWMA is described below.
Variables/attributes for the Albany Coast SWMA

The SWMA'’s watercourse hierarchy is shown in Figure 13, identifying the estuarine
portion, main channel and major and minor tributaries of each river system from a
hydrological perspective. This watercourse hierarchy was defined by examining
aerial photographs, modelled flow volumes and expert local knowledge.

QJerramungup

O’nb‘éru P

e Ve

N4

o .

OBremer Bay
e
f—\ﬁih hierarchy
(based on Hydrography Linear Hierarchy (DOW 2007)
Mdiint Barker /_,P Reach (DEWHA 2001)
Estuarine
wad = Mainstream
/ Major river
Maijor tributary
Minor river o
DAlbany

Hopetoum——|

Significant stream
-h‘\% Minor non-perennial
{ Wash area 0 10 20 km
N —— Drain 0
- Non-valid reach
O Town (Landgate 1987) J:l oo e
] SWMA (GA 2000) .-

-

Figure 13 Watercourse hierarchy in the Albany Coast SWMA
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Reaches were selected for sampling at the top, middle and bottom of each of the
main streams (above the estuary) where possible. Reaches were also selected
below any major tributaries to the main stream as well as in each of the major
tributaries — in an attempt to capture inputs. Figure 14 highlights the outcome of the
above principles of reach selection.
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Figure 14 Output from reach selection process

This step identified all of the reaches to be sampled. They were then verified against
a number of other attributes to ensure the reaches selected would adequately
represent the SWMA from an indicator development perspective. On a few occasions
extra reaches were selected based on the attributes examined to ensure the full
range of conditions were sampled in each SWMA (to allow for robust indicator
development). Additional information used in the reach selection process — including
topography, mean annual rainfall and land use — is described below.
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The topography of the Albany Coast SWMA is shown in Figure 15. This highlights the
relatively flat nature of this area, with the maximum elevation of most of the SWMA
being approximately 300 m. The elevations of the selected reaches were checked to
ensure they were representative of the elevation across the whole SWMA (i.e. as
most of the SWMA lies at 200 to 300 m, most of the reaches needed to be in areas
with this altitude).
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Figure 15 Topography of the Albany Coast SWMA
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The rainfall gradient in the Albany Coast SWMA is shown in Figure 16. This indicates
a general trend of higher rainfall near the coast and towards the west. Reaches
selected were checked to ensure they adequately covered the range of rainfall
experienced in the SWMA and that they were distributed according to the rainfall
zones (thus more reaches needed to be selected in the 500 mm rather than the 900
mm rainfall zone as a much larger portion of the SWMA experiences 500 mm
rainfall/yr).
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Figure 16 Mean annual rainfall in the Albany Coast SWMA
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As can be seen in Figure 17, the dominant land use in the Albany Coast SWMA is
cropping, with a few large areas of nature conservation present and scattered
plantation forestry (predominantly blue gums) in its south-west. The distribution of the
selected reaches was checked to ensure they adequately covered the range of land
use types present, and that their distribution was proportionate to the area of each
land use type (e.g. approximately 75% of the selected reaches needed to capture
cropping land use and 20% nature conservation).
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Figure 17 Land use in the Albany Coast SWMA
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The Albany Coast SWMA'’s two dominant geological features are the granite and
gneiss along the northern portion; and the marine limestone, sandstone and valley-
filled deposits along the southern portion (Figure 18).
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Figure 18 Geology in the Albany Coast SWMA

The locations of the selected reaches were checked to ensure they adequately
represented the geology present and were proportionate to the geology.
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Existing sampling locations in the Albany Coast SWMA are shown in Figure 19. This
information was used to help select reaches (and also sites, see next section) for
sampling, given the added advantage of historical data being present (typically either
water quality or macroinvertebrates) and the increased likelihood of being able to
access the sites. Gauging station locations are also shown for sites with a long data
record, minimal missing data and which are still in operation.
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Figure 19 Existing data collection points in the Albany Coast SWMA

The various levels of information described in this section were used to assign sites
to ensure each major zone was represented and accordingly, that indicators of health
could be tested against the capacity to represent the full suite of possible conditions.

Note: an extended review of reach selection methods is provided in van Looij and
Storer (2009a). This includes use of additional datasets; for example, the use of
potential impacts or presence of biodiversity hotspots or rare species.

In terms of recommended future methods for reach selection, this process highlights
the disadvantages in using too many strata; that is, reach selection no longer
appears random and will effectively weight each strata evenly unless extreme care is
taken to aggregate scores based on the percentage of the SWMA that each strata
represents. As there were no underlying spatial patterns observed during the SWWA-
FARWH trials, the CRD is recommended for future work — although the RBD is still
worth noting because important strata may be identified in future.

Note: a reach selection strategy was not employed for the 2009 field trials as the
selected SWMAs were relatively small with few reaches. All assessable reaches
(given access and flow conditions) were surveyed.
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Site selection strategy

Assessment within the majority of indicators described in this report can be
conducted remotely at a reach level (e.g. desktop analysis of gauge data or through
GIS). However, a number of indicators (e.g. Aquatic Biota and certain indicators of
Water Quality) require field assessment. As such, sites need to be selected on
reaches.

Ideally, sites should be selected randomly; that is, by splitting a reach into multiple
sections, assigning each section a number, randomly selecting from these using their
numbers, and then placing a site on the selected sections. However, given the lack of
confidence in the reach definitions (resulting in reaches that did not represent
homogenous sections of river), effort was made to place sites in a perceived
representative location. This was achieved through analysis of broad environmental
conditions, using the same strata considered for reach selection (see example given
in the previous section) and consultation with regional staff. In many cases, site
selection was a direct result of accessibility, with access to many reaches only
possible at a few places.

In addition, sites were selected in areas outside the immediate influence of roads or
other potential point-sources of contamination. Sampling upstream of these impacts
was conducted where possible (this was difficult in some areas, especially urban
centres).

Further, sampling was not conducted at sites that were dry or had become
disconnected: Water Quality and Aquatic Biota data could not be collected in dry
systems. Because the ecology and processes occurring in pools differ from flowing
waters, the scoring methods developed would not have been relevant [see Summary
Box 5]. Given the time available for this project, development of a tailored program
for non-flowing systems was not possible.

Summary Box 5: Field assessments target baseflow conditions

As many of the streams in SWWA are ephemeral, the timing of sampling is crucial
to ensure that winter flows have receded to their baseflow level and that the
smaller headwater streams have not yet dried out. Because it is not always
possible to achieve both of these aims (and some of the smaller streams only flow
for short periods of time after heavy winter rains) there will always be a
compromise between sampling the maximum number of higher-order reaches in a
SWMA and having sensible sampling conditions in the lower reaches. Allowances
were made for some systems where water was flowing faster than required (based
on AUSRIVAS protocols). In future, health assessments will incorporate sampling
in flow conditions outside of those targeted for the current trials. This will most
likely see the loss of certain indicators, particularly biotic ones. A discussion on the
number and type of indices required for a robust ecological assessment is
provided in Section 4.5.
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Note: site selection was discussed at the FARWH workshops conducted across all
jurisdictions trialling the framework. While the workshop reports were not publicly
released, the NWC can be contacted for the information gained in these sessions.

4.3 Indicator selection

The FARWH organises ecological data within six themes representing ecological
integrity (as introduced in Section 4.1). Indicators are recommended within each
theme to capture the various elements that comprise the theme’s ecological niche.
Indicators can be derived from a number of component measures, which capture
specific aspects of the ecological niche. For instance, the Aquatic Biota theme may
comprise three sub-indices (e.g. fish/crayfish sub-index, macroinvertebrate sub-index
and macrophyte sub-index) and each sub-index may be calculated from a number of
components (e.g. fish/crayfish sub-index is derived from the nativeness and
expectedness components). In this example, the Aquatic Biota index is the scoring
protocol for combining all indicators.

As existing data for 2005 were known to be limited, indicator development centred on
data collected for 2008-09. As such, many of the indicators selected as part of this
project did not have data available for use in 2005.

The selection and testing of indicators was done under strict guidelines to maintain
consistency and comparability. Indicator selection methods are elucidated below.

General principles of indicator selection

While some ad-hoc collection of data has occurred in Western Australia, either for
the specific purpose of assessing river health or as part of other programs, there has
been no broadscale, coordinated approach using standard sampling techniques, data
analysis and reporting methods’. As such, there are no existing locally-derived
indicators available for direct adoption into the SWWA-FARWH.

Given this, potential SWWA-FARWH indicators required development and testing.
Selection of appropriate indicators was achieved by analysing the indicators
recommended by the FARWH and other river health assessment programs from
around Australia and the world, and by generating new indicators based on
assessment of existing and generated data.

When selecting indicators, consideration was given to ensure that wherever possible
indicators were:

e proven, preferably in Western Australia (testing indices used in small-scale
programs) with guidance from programs within Australia or worldwide

' One exception is the Australian River Assessment Scheme (AUSRIVAS) developed from the National River
Health Program. The AUSRIVAS model combines data collected throughout the state between 1994 and
2000 to develop a tailored program for Western Australia. The AUSRIVAS prescribes standard methods,
which are employed in ongoing macroinvertebrate sampling, however the original Channel model requires
further development to improve sensitivity and spatial fitness. This work has not been undertaken since its
inception. The AUSRIVAS is described further in Storer et al. (in press b).
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e relevant and assessable at the SWMA scale and applicable at the reach scale
e cost efficient
e rapid

e easy to use and therefore repeatable (associated degree of training is
reasonable)

e able to reflect health and condition — as far as possible detecting changes
occurring from management activities

e appropriate for long-term reporting (e.g. new data can be generated for future
assessments)

e preferably applicable across the entire south-west region (however not required)
e capable of being compared with reference (discussed in the next section).

These attributes reflect the need for indicators both to capture ecological health and

be easily adopted by a range of future users (in terms of labour/equipment cost and

ease of application). It is anticipated the FARWH will be used by regional offices and
NRM groups after the development phase is complete.

Ultimately, the choice of indicators is governed by available data. To address this, a
significant field data collection component was included in SWWA-FARWH trials and
numerous existing datasets were analysed. For testing existing indicators for their
applicability to SWWA or to derive new indicators, some examples include:

e various GIS datasets (e.g. land use, vegetation)

e water quality data stored in the Department of Water's Water Information Network
(WIN) database

e Wild Rivers data
¢ ad hoc biological data.

For a complete list of the datasets reviewed for indicator development, see the list of
data sources in Table 22. This table includes a brief review of each dataset for its
relevance to river health assessment, including whether it was used in the SWWA-
FARWH.

Trialling and developing the indicators

Note: indicators that were identified and trialled for the SWWA-FARWH (both
accepted and rejected) are reviewed in Storer et al. (in press b).

In addition to the more logistical aspects described above, identifying and selecting
indicators for any multi-parameter index requires a rigorous selection process
including several components (compiled from Bailey et al. 2004 and expert opinion):

e sampling must occur across the gradient of human disturbance, which requires
assessment of sites with different types, extent and intensity of human influence
in order to capture the associated biological responses
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¢ the attribute must have a reliable empirical relationship across the human
influence gradient

e the associated monitoring must adhere to rigorous standards regarding methods
for measurement and scoring

e knowledge of ecological theory and natural history will guide the definition of
attributes and predictions of how they will behave under varying human
influences.

To determine whether indicators are appropriate signals of human influence a
number of techniques are employed:

e Mapping biological response indicators against a measure of human impact.

e Use of conventional statistics based on multivariate analysis of biological
measure versus human impact.

o Correlation statistics between indicators to highlight whether redundancies exist
and alternatively identify where different indices provide additional information to
the assessment. Note: some indices may behave similarly through much of the
impact scale but become individually sensitive at certain ends; for example, one
index may be sensitive to low-level disturbance but not high, whereas another
may only show a response if conditions are at the extreme upper end of the
impact scale.

e Understanding the temporal and spatial variability for each indicator is also
important in indicator selection. Suitable statistical analysis techniques, such as
classification and ordination, should be used to determine the spatial variability.
Note: determining temporal variability is outside the scope of this project (as it
only covers two sampling periods) for most indicators, because there will not be
enough data collected to allow temporal analysis.

¢ Attention to analysis of spatial scales at which differences become acceptable
(from reach to SWMA).

e Tests to avoid double-weighting (use of the same data in multiple places).
However, if the data provide information on different ecological aspects, their
inclusion twice may be warranted. This must be justified.

e Power analysis to determine if sampling size is sufficient and therefore whether
the indicator is useful given potential cost-effectiveness constraints.

e Scenario testing (highlight effectiveness and sensitivity).
e Comparison with knowledge of regional natural history.

The methods used to assess the effectiveness of indicators tested within the SWWA-
FARWH are provided in Storer et al. (in press b).
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4.4 Reference condition

As was stated in the previous section, one of the most critical aspects of choosing
ecological indicators is the ability to determine reference condition. An assessment of
river health following this approach is based on determination of indices, which are
scored based on measurement of the deviation of observed values from predicted
theoretic values, representing the reference conditions.

As implied above, reference condition provides the benchmark to enable calculation
of departure from this state when assessing current condition. However, the
appropriate reference condition may reflect any number of benchmarks: for the
FARWH the reference condition is defined as pre-European conditions, which can be
refined to the current condition free from human impact. Note: this accounts for
natural change since European settlement, but is confounded by climate change.
Climate change inherently requires assessment of temporal indicators, however as
the FARWH is designed as a snapshot of river health, assessment of climate change
was not directly possible with the current trials.

Determining expectations is a fundamental principle of condition assessment but
often the most difficult to quantify. Where there is limited historical data available to
set expectations, reference condition can be determined from either reference sites
(used to interpolate or extrapolate conditions expected at other sites) or, failing this,
from expert opinion.

The typical approach for selecting reference sites involves a series of criteria that
would be expected in a minimally disturbed system, such as no intensive land use or
no dam within a certain distance of the site. These principles were briefly examined,
however generally appeared not to apply to south-west systems because most sites
contained some degree of catchment modification. The lack of available reference
sites in other parts of the world has been reported, mostly for areas dominated by
lowland rivers given the increased potential for development and reduced chance
that undeveloped equivalents exist (Marchant et al. 1995; Norris & Thoms 1999;
Thoms et al. 1999 — cited in Bailey et al. 2004). This scenario is matched by the form
and function of SWWA rivers and further illustrates the inability to match techniques
with other parts of Australia — presenting very different typologies.

Based on the review above, expert opinion was employed to determine reference for
the SWWA-FARWH trials, drawing on available data and local knowledge of system
ecology. In many cases this approach is non-problematic; for instance, weeds are an
obvious departure from reference. However, this becomes increasingly difficult with
the response indices (especially Aquatic Biota). Ultimately, expert opinion — in
conjunction with all available data — was used to assign standard values representing
threshold conditions for ecosystem protection, which were delineated based on
knowledge of biotic tolerances.

The assigned reference condition and how this was developed for each indicator is
summarised in Table 3 and discussed in more depth in Storer et al. (in press b).
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4.5 Dealing with missing data
Missing themes

The FARWH documents suggest that data need to be available for three of the six
themes to allow an overall assessment to be made (NWC 2007a). Determining
whether this was appropriate for SWWA and if some themes/indices were more
critical than others was an objective of the SWWA-FARWH project. For the 2008 and
2009 SWWA-FARWH trials, all themes were assessed and compared to achieve this
objective. The results are discussed in detail in Section 6.2, although to summarise —
based on statistical analysis and supported by a general understanding of aquatic
ecology — it is difficult to omit any of the themes (certainly with the current level of
data). Further, individual themes appear to have different strengths depending on the
scale being assessed, and no two themes show a consistent correlation (similarly
there are no obvious redundancies). Using Aquatic Biota as the response indicator:
variability is sometimes explained by Catchment Disturbance, other times by Fringing
Zone and other times by Water Quality. There are fewer examples where Physical
Form or Hydrology have provided direct links to response (where another theme has
not also highlighted the response), however examples can be conceived where this
would be the case — certainly at different scales (e.g. impact of major dam on biota).

Missing indicators or data

The approach to dealing with missing data for an individual index is often specific to
that index. As such, how missing data were managed is discussed within reviews of
the indices in Storer et al. (in press b).

4.6 Integration and aggregation

The term ‘aggregation’ is used to denote assembling measures of the same index in
different locations into a measure at a larger spatial scale (e.g. aggregating reach
index scores to a SWMA index score). The term ‘integration’ denotes assembling
measures of different indices at a given scale to generate a combined assessment at
the same scale (e.g. integrating sub-index scores to calculate an index score) (NWC
2007b). Aggregation is more appropriate when crossing spatial scales, and
integration is more appropriate for combining different indices.

Integration and aggregation are applied at a number of levels in generating an overall
score for a SWMA.

Following the methods outlined in the FARWH guideline documents (NWC 2007b),
indicators within each theme were integrated to produce a theme score for each
reach. The method of integration of indicator scores to theme scores, such as
whether weighting was applied, is index dependent, and is described in Storer et al.
(in press b) [see Summary Box 6 for a brief overview]. Theme scores for each reach
are reported and also aggregated together to produce a theme score for the SWMA.
Aggregation of theme scores to the SWMA was reach-weighted, in that the relative
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length of a reach matched the contribution of the associated theme score to the
SWMA score (see Figure 20).

Indicator score

REACH
Integration: weighted/non-weighted and
precautionary approach
Theme score
REACH
‘!' » Aggregation: length weighted average
SWMA SWMA score

Figure 20 Integration-aggregation pathway for developing FARWH scores

Summary Box 6

Whether an average, Euclidian Distance or other method was employed for
weighting and aggregation was dependent on data. For instance, Euclidian
Distance was used in combining sub-indices of the Physical Form index where
the index comprised different but complementary data. An average was used
where sub-indicators or components provided discrete elements of impact on
river health; for example, high flow and low flow components of hydrology.

The original requirement for national reporting was to integrate theme scores at a
SWMA level into an overall health score, however it was determined that this would
produce an overall score that was meaningless (all SWMAs tested received similar
mid-range scores) and would not be relevant at either a state or national level. This
was endorsed by the national technical steering committee for the national FARWH
program. This is especially important because combining pressure, stressor and
response indicators — which are by nature designed for interpretation rather than
combination — would in most cases only highlight very impacted or near-pristine
systems.

4.7 Data analysis and verification

Statistical analysis methods were discussed at a workshop of representatives from
the state FARWH trials, along with experts selected by the NWC, to ensure a
nationally agreed and consistent approach to tackling this component of the project.
The following elements were agreed:
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Sensitivity analysis

Sensitivity analysis is the determination of how much something would need to
change in order to illicit a response that would be detected by a scoring protocol.

Sensitivity analysis was conducted in trials, primarily through scenario testing. This
was conducted as per the recommendations in the framework document (NWC
2007a). A statistical technique analogous to the ‘jackknife’ method was used where
one sub-index at a time is removed from the dataset and the mean absolute change
in overall assessment is calculated (Norris et al. 2001).

Power analysis

Power analysis is used to determine the sampling effort required to adequately
represent the data population being assessed. Power has been assessed for all
indicators examined in the SWWA-FARWH trials (except those where a score for
each reach was determined) using a two-tailed t-test to predict the number of
samples required to detect a given percentage change in the mean. Alpha has been
set at 0.05 and Beta at 0.8 (to minimise the potential type | and type Il error rates
respectively).

For the SWWA-FARWH trials, the number of samples required to represent an effect
size of both 10% and 20% has been reported, along with the power based on the
sampling effort employed in the trials. This information is provided in the indicator
reviews in Storer et al. (in press b). Power analysis was done post-hoc.

Double-weighting

Double-weighting refers to use of the same data in a number of indicators: effectively
weighting that particular element more than others.

This is generally avoided, although in some cases apparent double-weighting is
permitted, where data offer different aspects or multiple impacts. For example,
crossing points between roads and rivers/streams are scored in both the longitudinal
connectivity sub-index within the Physical Form theme (because they indicate
potential barriers to fish migration) and the infrastructure sub-index under the
Catchment Disturbance theme (due to the potential impact from increased
sedimentation and other pollutants associated with infrastructure). In this instance,
different impact aspects of the same disturbance feature are scored in separate
themes.

Redundancy

Following development and scoring of indicators within themes, the raw data,
indicators and theme scores were compared through multivariate analysis to
determine whether any redundancies existed. That is, whether any indicators were
measuring the same response given high correlation — any such indicators would be
deleted from the overall index — targeting the indicator that contributed most to
labour/capital cost, thus maximising efficiency of assessment.
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Data verification

Verification of all data is conducted to ensure that errors do not result from incorrect
data entry. For field data, the process requires that one person enters data from field
sheets and then re-checks the entry once finished. A different person is chosen to
select sites at random and confirm that data are consistent. Where errors are found
the number of sites selected for random checks is increased. The same process is
employed for generation of scores. Minimal data entry errors were discovered
through this process, all of which were corrected.

All GIS datasets were evaluated based on the lineage, positional and attribute
accuracy information provided in the associated metadata statement: this helps
determine whether the dataset is appropriate for the intended analysis. In addition,
data were verified against other sources; for example, the Land Monitor Vegetation
Extent datasets used to calculate extent of fringing zone scores were checked
against aerial photographs to ensure the perennial vegetation delineated represented
vegetation visible in the fringing zone.

An independent technical review of all methods, including data collection, was
conducted as part of the FARWH program through the steering committee.

Statistical analysis

The response of the macroinvertebrate and fish-crayfish assemblage to a range of
environmental and disturbance (impact) variables was examined separately by non-
parametric multivariate analyses performed using the PRIMER (Plymouth Routines in
Multivariate Ecological Research) package (Clarke & Gorley 2006). Results of these
analyses are presented in Storer et al. (in press b).

Relationships between theme indices and indicators (components and metrics) were
examined to determine whether any redundancies existed at the theme level and
between indicators within a theme. Relationships were determined through scatter
plots and linear regressions (correlations).

The results of these statistical analyses can be found in Storer et al. (in press b).

4.8 Alignment with jurisdictional programs

This project ties in closely with other FARWH assessments being undertaken in
Queensland (by the Queensland Government, Department of Environment and
Resource Management) and for northern Australia’s wet/dry tropics (by TRaCK).
Links have been established with the teams for both these projects and regular
dialogue is maintained to ensure the projects complement each other. Links with the
NSW FARWH wetlands project have also been established, yet because this
project’s focus is on wetlands and not rivers, the nature of the questions being asked
differ in a number of ways. This project also links to the NWC’s FARWH national
technical steering committee through participation in workshops and meetings,
providing data and other project deliverables, and review of final report
documentation. The committee was established to evaluate all the FARWH trials

Department of Water 49



The FARWH for flowing rivers of south-west Western Australia: project summary and results

being undertaken and develop a synthesis report to be nationally and internationally
peer reviewed.

Alignment with other jurisdictions in terms of general principles/guidelines has been
promoted through the establishment of a significant technical review process.
Members of the major river health programs across Australia (e.g. ISC, TRCI, SRA,
EHMP) along with representatives from relevant organisations (e.g. DEWHA, NWC,
CENRM) have all been involved in a number of workshops to discuss the general
progress of both specific programs and the national approach.

4.9 Final indicator suite for the SWWA-FARWH

The indicators chosen within the six themes representing ecological health for the
SWWA-FARWH are provided in Figure 21.

An extended summary of these indicators is provided in Table 3, including data
sources (field or desktop), assessment scale (reach or site), data availability
(generation frequency of data), recommended sampling frequency (based on rate of
change) and how reference condition was defined (modelled, best professional
judgement or literature based).
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FARWH indices

Catchment
Disturbance

FARWH sub-indices

Infrastructure

Land cover change

Land use

Total nitrogen

Water Quality

Total phosphorus

Turbidity

Salinity

Diel dissolved oxygen

Diel temperature

FARWH components

~
Low flow
Hydrological [ Flow stress ranking High flow
Change Proportion of zero flow
Monthly variation
Seasonal period
J
s N
[ Longitudinal connectivity ]— Major dams
Minor dams
Physical Gauging stations
Form Road-rail crossings
N\ J
( N\
[ Erosion ]— Erosion extent
Bank stabilisation
[ Artificial channel ] b g
Fringing [ Extent of fringing zone ]—[ Fringing vegetation width
Zone Fringing vegetation length
[ Nativeness ]
4 N\
[ Macroinvertebrates ]— WA Spring Channel Model
O/E (AUSRIVAS)
Aquatic \/ \1
Biota [ Fish and crayfish ]_ Expectedness
- O/E metric
- O/P, metric
- O/P, metric
Nativeness
- Pap metric
- Ps, metric
, \_ %
Figure 21 Indicators of the SWWA-FARWH
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Table 3 Indicators chosen for assessment in the SWWA-FARWH, including data
sources and availability, assessment scale, recommended sampling
frequency, how reference condition was defined and minimum data

requirements
Theme Sub-indices Data Scale Data sRae:]owrrlnended Reference Zn;?a'mum
components source availability pfing definition .
frequency required
o) BPJ (no
3! Infrastructure Desktop Reach Irregular 5 years disturbance)
'(éj BPJ (no
% Land cover change Desktop Reach Annual 5 years disturbance)
2
= Land use =
Q minimum
% ~ Land use Desktop Reach Irregular 5 years (?izguﬁggnce) sub-index
= 8 to calculate
o= theme
:Ié'J’ Flow stress ranking
: Low flow Desktop Reach Annual 5 years
(9“ High flow Desktop  Reach  Annual 5 years Modelled ﬁgn“gmpo'
'§3 Proportion zero flow  Desktop Reach Annual 5 years (clearing and  required to
© =  Monthly variation Desktop  Reach  Annual 5 years reservoirs) calculate
T O sub-index
T £ Seasonal period Desktop Reach Annual 5 years
Total nitrogen Field Site SR:nCl:'hrﬁS Annual I(‘ét;ga;ﬁrzzs) ge%fot:ga“ry
. . indicators
. . Requires Literature In
Total phosphorus Field Site sampling Annual (quidelines) tsoegchc;JaI?;e
Turbidity Field Site Requires Annual Literature — score. Plus
sampling (guidelines) at least
Literature one of the
Salinity Desktop ~ Reach Irregular Annual (biotic primary
tolerance) indicators
. (primary =
L . Literature -
Diel dissolved Field Site Requires Annual (biotic SDac')'”'ty’
> oxygen sampling tolerance) .
§ secondary
CZ = Requires Literature tz-l;)Nd’;rP
2 g Diel temperature Field Site quir Annual (biotic urbidity,
T = sampling tolerance) temper-
=< ature)
Longitudinal BPJ (no
connectivity (all Desktop ~ Reach  Irregular 5 years artificial 2 of 3 sub-
components) barriers) |nd|c§sd )
required to
o BPJ (no calculate
Artificial channel Desktop ~ Reach  Irregular 5 years artificial theme
channels)
Erosion
H N~
£ Erosion extent Field Site Requ:res Annual BPJ(0-5%  goh
£ sampling erosion) compo-
- BPJ (> 75% nents
8 i °  required to
B =  Bank stabilisation Field Site Requires Annual tree and cacl]culate
Z 5 sampling shrub cover) i
o o sub-index
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Theme Sub-indices Data Scale Data sRae:]owrrlnended Reference Zn;?a'mum
components source availability freql':engy definition required
Extent of fringing zone
Vegetation length Desktop Reach Annual 5 years Both
compo-
BPJ (100% nents
Vegetation width Desktop  Reach  Annual 5 years cover) re(?uilie;:i to
calculate
sub-index
o Extent of
No FZ =
. o .
=2 Nativeness Field Site Requires Annual BPJ (100% minimum
S = sampling native) sub-index
£ N to calculate
L - theme
Fish/crayfish
_ BPJ Both
Expectedness Field Site SR:rﬂLF‘)'“rﬁ; Bi-annual g'):s;ar:“re' compo-
nents
opinion) required to
, : : Requires , BPJ (100%  Ccalculate
g Nativeness Field Site sampling Bi-annual native) sub-index
m
L . ; Modelled
T = . . . A [ .
g @  Macroinvertebrates  Field Site Reqw.res nr.1ua n (reference Required
< sampling spring sites)

Note: BPJ refers to best professional judgement

The table above recommends the frequency for re-assessment of each indicator.
This is determined based on the likelihood for change in conditions or availability of
newly generated data to conduct successive assessments. Only Aquatic Biota, Water
Quality and one indicator in both Fringing Zone and Physical Form require an annual
assessment, with the remaining FARWH indicators relevant at five-year cycles.
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5 Results of the FARWH assessments

The results of the 2008-09 FARWH field trials as well as the 2005 AWR baseline
assessment are provided below. The alignment between FARWH and RHAS is also
discussed. Detailed information on indicator development and validation are given in
Storer et al. (in press b). Individual reach scores are given in Appendix A.

5.1 2008-09 field trials assessment

A total of eight SWMAs were sampled during the 2008—09 field trials, three in 2008
(Moore-Hill, Collie and Albany-Coast SWMAs) and five in 2009 (Harvey River,
Preston River, Busselton Coast, Shannon River and Denmark River SWMAs). The
results are discussed below:

Note: in November 2008 (the sampling period for the SWWA-FARWH trials)
226 mm of rain was recorded in the Albany townsite, which was the highest
since records began in 1877 (November average is 44 mm)
<www.bom.gov.au>. This would have a bearing on the results obtained,
although it is difficult to determine the extent of the effect. Sampling could not
be postponed due to time constraints for field work.
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Catchment Disturbance

The Catchment Disturbance index scores for reaches assessed in the 2008-09 trials
are shown in Figure 22. Note: scores are available for all reaches as this index was
calculated remotely, rather than relying on field data. Scores ranged from 0.4 to 1.0.
The scores generally followed the same spatial pattern as the land use sub-index
scores (see Figure 23), given low variability in the other sub-indices: infrastructure
and land cover change (see Figure 24 and Figure 25 respectively). This is discussed
further in Storer et al. (in press b).

Catchment disturbance index score
—20.0-0.19
0.2-0.39
0.4-0.59
0.6-0.79
—0.8-1.00
No data
---- Non-valid reach (DEWHA 2001)
[ ]SWMA - 2008/09 study (GA 2000)
SWMA - other
o Town (Landgate 1987)
Landuse (DAFWA 2001)
Agriculture

Forestry
Urban / Mining
Conservation
Water
Perth®
0 0 50 100 km
E&i‘! Gavernmert of Weatern Australia
L’- Cezartment ot Water
A

Figure 22 Catchment Disturbance index scores for reaches in SWMAs assessed in
2008 and 2009 within the SWWA-FARWH trials

Scores for the three sub-indices that make up the overall Catchment Disturbance
index are outlined below and given in detail in Appendix A.

Land use sub-index

The land use sub-index scores for reaches assessed in the 2008 and 2009 field trials
are shown in Figure 23 and can be found in Appendix A. Scores ranged between 0.5
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and 1.0 (out of a possible 0.3 to 1.0; no land use scenario was deemed to represent
a completely modified catchment with no ecological health value — see rationale in
Storer et al. (in press b)). The lowest-scoring reaches occurred in Minyulo Brook and
the upper reaches of the Moore River in the Moore-Hill River SWMA,; the Pallinup
River and the upper reaches of the Gairdner, Bremer and Kalgan rivers in the Albany
Coast SWMA; and in the Harvey Main Drain in the Harvey River SWMA. Land use in
these areas is dominated by agriculture, whereas many of the higher-scoring reaches
fall in conservation areas.

Land use score
—0.0-0.19
0.2-0.39
0.4-0.59
0.6-0.79
—0.8-1.00
No data
---- Non-valid reach (DEWHA 2001)
[ ]SWMA - 2008/09 study (GA 2000)
SWMA - other
o Town (Landgate 1987)
Landuse (DAFWA 2001)
Agriculture
Forestry
Urban / Mining
Conservation
Water

0 0 50 100 km

Fo

‘1 Gavernmert of Western Augtralia

Perth®

i
L Conartment of Water
FLE A

Albany

Figure 23 Land use sub-index scores for reaches in SWMAs assessed in 2008 and
2009 within the SWWA-FARWH trials
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Infrastructure sub-index

The infrastructure sub-index scores for reaches assessed in the 2008 and 2009 trials
are shown in Figure 24 and can be found in Appendix A. All reaches scored 1.0: this

is because the area of land covered by infrastructure is very low compared with the
total area of each catchment assessed. A finer resolution for this indicator (e.g.

infrastructure in a narrow river corridor) has been suggested for future assessment —

see rationale in Storer et al. (in press b).

Perth®

Figure 24 Infrastructure sub-index scores for reaches in SWMAs assessed in 2008

Nb%ny

Infrastructure score
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and 2009 within the SWWA-FARWH trials

Department of Water

57



The FARWH for flowing rivers of south-west Western Australia: project summary and results

Land cover change sub-index

The land cover change sub-index scores for reaches assessed in the 2008 and 2009
trials are shown in Figure 25 and can be found in Appendix A. The majority of
reaches (94%) scored 1.0 and all reaches scored in the largely unmodified category.
This is because the area of vegetation loss during the five-year period of assessment
was very low compared with the total area of each catchment (see comments relating
to future work in the infrastructure sub-index summary above).

L

Perth®

Alb"any

Land cover change score
—0.0-0.19
0.2-0.39
0.4-0.59
0.6-0.79
—0.8-1.00
No data
---- Non-valid reach (DEWHA 2001)
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Figure 25 Land cover change sub-index scores for reaches in SWMAs assessed in
2008 and 2009 within the SWWA-FARWH trials
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Hydrological Change

Reach scores for the Hydrological Change index are provided in Figure 26. Note:
scores are available for all reaches as this index was calculated remotely, rather than
relying on field data (see Appendix A). Hydrological Change index scores show there
is differentiation across SWWA, with lower scores generally correlating with areas
that have a high proportion of agricultural land use.

Hydrological change index
—0.0-0.19
0.2-0.39
0.4 -0.59
06-0.79
—0.8-1.00
No data
---- Non-valid reach (DEWHA 2001)
[ 1SWMA -2008/09 study (GA 2000)
SWMA - other

\ © Town (Landgate 1987)
‘\-/ Landuse (DAFWA 2001)
Agriculture
Forestry

Urban / Mining
Conservation
Perth® Water

0 0 50 100 km

s

Figure 26 Hydrological Change scores for reaches in SWMAs assessed in 2008 and
2009 within the SWWA-FARWH ftrials

Flow stress ranking sub-index

The scores for the five components (low flow, high flow, proportion of zero flow,
monthly variation and seasonal period) that make up the flow stress ranking sub-
index for reaches assessed in the 2008 and 2009 trials are shown in Figure 27 and
can be found in Appendix A.
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Figure 27 Component reach scores of the flow stress ranking: low flow (top left), high
flow (top right), monthly variation (middle left), proportion of zero flow
(middle right), seasonal period (bottom left). Indicator gauges used for
determining flow for all reaches are also shown (bottom right)

The low flow component scores tended to the extremes with most reaches scoring as
either largely unmodified or severely modified. Those reaches that scored as
severely modified in the Harvey River, Collie River, Preston River and Busselton
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Coast SWMAs tended to be either located in catchments where the presence of
dams had reduced the catchment size of the reach or where extensive clearing of
native vegetation had occurred, resulting in increased flows. This was not the case in
the Albany River SWMA where reaches that scored as severely modified did not
have dams in their catchments and were not necessarily highly cleared (with some
catchments still retaining more than 50% of their vegetation). It is hypothesised that
these reaches are showing stress due to being permanent reaches located in a high-
rainfall area with a small rainfall:runoff ratio. These reaches therefore have more
potential to be modified (with clearing increasing the magnitude of low flow) than
those that are located further east in the SWMA, in the lower rainfall zone.

The high flow component scores were also influenced by the presence of dams. The
severely modified reaches in both the Collie and Harvey SWMAs are located below
water supply reservoirs (and therefore now have smaller catchment areas and
smaller high flows than under pre-impact conditions). The substantially modified
reaches in the Moore-Hill SWMA all occur in the south-east corner. It is unclear
whether these scores are a remnant of the indicator gauge used to calculate the high
flow component scores of these reaches (the scores for most of these reaches were
calculated using the same indicator gauge, see bottom right map in Figure 27) or due
to the different land use in this portion of the SWMA.

Most reaches that scored poorly in the proportion of zero flow component now
experience much shorter periods of zero flow than under pre-impact conditions. This
can generally be attributed to extensive clearing increasing the duration of river flows
by raising groundwater levels.
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Water Quality

The final scores for the Water Quality index for reaches assessed during the 2008
and 2009 field trials are provided in Figure 28.

Water quality index score
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Figure 28 Water Quality index scores for reaches in SWMAs assessed in 2008 and
2009 within the SWWA-FARWH trials

The overall results for the Water Quality index provide a good indication of the
generally-expected water quality impacts across SWWA. In the Moore-Hill Rivers
SWMA (north of Perth), water quality is typically within the moderately modified band.
Salinity has the most notable effect — reducing overall scores in the middle to upper
reaches of the Moore River. Water quality is relatively good in the SWMAs
surrounding Bunbury (Harvey River, Collie River, Preston River and Busselton
Coast), with a couple of reaches showing substantial to severe modifications,
primarily due to low dissolved oxygen and high diurnal temperature ranges. The
Shannon River SWMA, and to a slightly lesser extent the Denmark River SWMA
(west of Albany), exhibit good water quality across all parameters, which is expected
given the low level of clearing in these areas. On the other hand, the Albany Coast
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SWMA displays significantly impacted water quality — due to salinity in the east and
nitrogen, temperature and to a lesser extent turbidity across the entire SWMA.

It should be noted that management priorities cannot be set for the Water Quality
index at the SWMA scale (only salinity would be targeted because of the data used
to generate the index and because the precautionary approach was applied). The
Water Quality index should be viewed as an interpretive index, where management
priorities are set on other values (e.g. protecting biodiversity) and to highlight specific
impacts to be addressed.

Total nitrogen sub-index

The final scores for the total nitrogen sub-index for reaches assessed in the 2008
and 2009 SWWA-FARWH trials are provided in Figure 29.

Total nitrogen (TN) score
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Figure 29 Total nitrogen sub-index scores for reaches in SWMAs assessed in 2008
and 2009 within the SWWA-FARWH trials

All possible SWWA-FARWH scores across the impact scale for total nitrogen (TN)
were present within SWWA (note: scores less than 0.4 are not possible with the
current scoring protocols, see review in Storer et al. (in press b)). A general trend is
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apparent across SWWA, with nitrogen increasing in low-rainfall non-permanent river
systems in the north (Moore-Hill Rivers SWMA) and east (Albany Coast SWMA).
These SWMAs are dominated by extensive agriculture, with significant clearing of
riparian zones and, in many cases, livestock having unimpeded access. Agricultural
areas in the south-west corner of SWWA (which have lower nitrogen concentrations)
have higher rainfall and typically more intact streamside vegetation.

Total phosphorus sub-index

The final scores for the total phosphorus sub-index for reaches assessed in the 2008
and 2009 SWWA-FARWH trials are provided in Figure 30.

Total phosphorus (TP) score
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Figure 30 Total phosphorus sub-index scores for reaches in SWMAs assessed in
2008 and 2009 within the SWWA-FARWH trials

Total phosphorus (TP) concentrations were relatively low across SWWA (largely
unmodified), based on the categories assigned by the SWWA-FARWH. There were
some localised systems with elevated phosphorus concentrations that fell into the
moderately modified band. Note: reaches that scored in the moderately modified
category are considered to have very high TP concentrations based on the
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Department of Water’s classification system (DoW 2004). The substantially and
severely modified categories do not exist for this sub-index.

Turbidity sub-index

The final scores for the turbidity sub-index for reaches assessed in the 2008 and
2009 SWWA-FARWH trials are provided in Figure 31.

Turbidity score
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Figure 31 Turbidity sub-index scores for reaches in SWMAs assessed in 2008 and
2009 within the SWWA-FARWH trials

Turbidity was elevated in a number of areas but a regional pattern was not apparent;
that is, turbidity did not appear to be related to natural features. Even though turbidity
did not present as a serious issue for SWWA (most reaches scoring as slightly
modified or largely unmodified), the scores did show sensitivity to something other
than natural features: hence the inclusion of turbidity in the future is supported.
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Salinity sub-index

The final scores for the salinity sub-index for reaches assessed in the 2008 and 2009
SWWA-FARWH trials are provided in Figure 32. Note: salinity scores are available
for most reaches as these were calculated using an existing dataset that comprised
both measured and modelled data.

Salinity score
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Figure 32 Salinity sub-index scores for reaches in SWMAs assessed in spring 2008
and 2009 within the SWWA-FARWH trials

Salinity sub-index scores were generally the worst of the sub-indices of the Water
Quality index, with numerous reaches presenting as severely modified (primarily in
the Albany Coast SWMA) and some as substantially modified (including much of the
Moore River in the Moore-Hill Rivers SWMA). Salinity effects are correlated with the
lower-rainfall areas of SWWA, as well as those dominated by seasonal, intermittent
and ephemeral systems. These areas also have widespread agriculture and are
often extensively cleared (including much of the riparian vegetation).

Note: there is evidence that a number of these systems, primarily in the eastern third
of the Albany Coast SWMA, may have been naturally saline. However, there is also
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evidence against this theory and a general understanding that salinity would have
significantly increased during the past 100 years regardless of the original state.
Based on the experience of FARWH field officers and Department of Water regional
staff, these suggested impacts are a reasonable assessment — and support that
significant restoration work is required in these areas.

Diel dissolved oxygen sub-index

The final scores for the diel dissolved oxygen sub-index for reaches assessed in the
2008 and 2009 SWWA-FARWH trials are provided in Figure 33.

Diel dissolved oxygen score
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Figure 33 Diel dissolved oxygen sub-index scores for reaches in SWMAs assessed
in 2008 and 2009 within the SWWA-FARWH trials

Diel dissolved oxygen appeared to be within a relatively healthy range across
SWWA, with a few localised exceptions. These exceptions were south of Bunbury,
with two reaches scoring as substantially and severely modified. These results
correlated with poor fringing zones, macroinvertebrates and elements of Hydrological
Change scores, and also with phosphorus and turbidity impacts. In addition, field
observations recorded anaerobic-smelling sediments.
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Diel temperature sub-index

The final scores for the diel temperature sub-index for reaches assessed in the 2008
and 2009 SWWA-FARWH trials are provided in Figure 34.
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Figure 34 Diel temperature sub-index scores for reaches in SWMAs assessed in
2008 and 2009 within the SWWA-FARWH trials

Diel temperature provided a relatively coarse indicator of impact, given that only two
scores were possible based on range alone. Temperature scores did correlate with
reaches in the north and east of SWWA, which is understandable given systems in
these areas are typically shallower (than the south-west corner) and have a tendency
to dry over summer. Systems in these areas are also dominated by shrubland
(compared with the taller forests of the south-west corner) and are thus less
influenced by shading. Furthermore, the SWMAs to the north and east are generally
more extensively cleared than other systems, with greater impacts on riparian
vegetation. However, in saying this, ranges used to score temperatures were based
on expectations for all systems in the area and similar temperature problems were
observed within other SWMAs.
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Physical Form

The Physical Form index scores for reaches assessed in the 2008 and 2009 trials
are shown in Figure 35.
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Figure 35 Physical Form index scores for reaches in SWMAs assessed in 2008 and
2009 within the SWWA-FARWH trials

Note: of the 234 reaches included in the 2008 and 2009 assessments, the Physical
Form index scores for 60% of reaches were calculated using the artificial channel
sub-index and longitudinal connectivity sub-index scores only, as it was not possible
to conduct field work for every reach (the erosion sub-index requires site visits for
observations). The remaining 40% of reaches were sampled and the Physical Form
index scores were calculated using all three sub-index scores.

The Moore-Hill Rivers, Albany Coast and Shannon River SWMAs generally scored
reasonably well. This reflects the small number of dams located on the rivers in these
catchments as well as the relatively small number of road crossings present. While
there was erosion present in these catchments (and in some cases this was severe)
only a relatively small proportion of reaches were assessed for erosion (as this
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required a field visit). Therefore, the generally good scores for the other two sub-
indices resulted in a reasonable overall score.

The remaining five SWMAs all scored more poorly, with the Harvey River SWMA
returning the lowest scores. These SWMAs have a higher density of road crossings
and have more dams present. Further, many reaches in the Harvey River SWMA
have been modified into drains to help remove water from the agricultural areas.

Longitudinal connectivity sub-index

The longitudinal connectivity sub-index scores for reaches assessed in the 2008 and
2009 trials are shown in Figure 36.
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Figure 36 Longitudinal connectivity sub-index scores for reaches in SWMAs
assessed in 2008 and 2009 within the SWWA-FARWH trials

The lowest scores occurred in the Harvey River and Collie River SWMAs, which
matched expectations given both have higher levels of development for agriculture
and drinking water sources than the other SWMAs. As such, they have a number of
major dams, minor dams and associated gauging stations, plus an extensive network
of roads.
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In the Collie River SWMA, four major dams are located on four out of the 20 reaches
(Harris Dam, Wellington Dam and Wellington Pipehead Dam on the Collie River, and
Beela Dam on the Brunswick River), plus there are a number of minor dams (on 14
reaches) and gauging stations (also on 14 reaches). These reaches, and the reaches
upstream and downstream of them, received low scores due to the impacts of these
actual and/or potential barriers to fish migration. In addition, half of the reaches had a
medium to high intensity of road/rail crossings, further reducing the reach scores.

In the Harvey River SWMA, four major dams are located on four of the 14 reaches
(Harvey Dam, Stirling Dam, Samson Brook Dam and Samson Brook Pipehead Dam),
plus there are a number of minor dams (on eight reaches) and gauging stations (on
six reaches). Six of the 14 reaches also had a medium intensity of road/rail
crossings, further reducing the reach scores.

By contrast the reach scores for all other SWMAs assessed were moderate to high
(0.4 to 1.0) with the exception of the lower Denmark River (reach 60315402), which
has a major dam (Denmark Dam) plus a minor dam and a gauging station. While
minor dams, gauging stations and road/rail crossings occur in all of these SWMAs,
the absence of major dams resulted in higher reach scores than those occurring in
the Collie River and Harvey River SWMAs.
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Artificial channel sub-index

The artificial channel sub-index scores for reaches assessed in the 2008 and 2009
trials are shown in Figure 37.
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Figure 37 Artificial channel sub-index scores for reaches in SWMAs assessed in
2008 and 2009 within the SWWA-FARWH trials

The results follow a similar pattern to the longitudinal connectivity sub-index scores,
with the lowest reach scores occurring in the Harvey River and Collie River SWMAs.
One reach in the Busselton Coast SWMA also had a low score (0.3).

The reaches with low scores (0.0 to 0.3) occur at the downstream end of river
systems in areas of low topography (on the Swan Coastal Plain) that are heavily
used for agriculture and therefore require drainage to reduce flooding of paddocks
and properties. Consequently, a large proportion of these reaches (> 60% of the
reach length) comprised artificial channels.
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Erosion sub-index

The erosion sub-index scores for reaches assessed in the 2008 and 2009 trials are
shown in Figure 38. Note: the 2008 assessment scores were calculated using
different field observations and scoring methods to the 2009 assessment, see Storer
et al. (in press b).
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Figure 38 Erosion sub-index scores for reaches in SWMAs assessed in 2008 and
2009 within the SWWA-FARWH trials

The reaches with the lowest scores (0.0 to 0.4) occurred in agricultural areas where
the riparian vegetation had either been cleared or was highly disturbed (e.g.
scattered trees, no shrub layer, groundcover dominated by exotic species). The 2008
assessment method did not include data on bank vegetation but a brief analysis of
site photographs for all low-scoring sites suggested a similar pattern of vegetation
disturbance had occurred at most of these sites.

The exceptions to this pattern are the low-scoring reaches in the Shannon River and
Denmark River SWMAs. These scores may be the result of field operator error (there
was considerable discussion between operators before field observations were
completed) or hydrological change in the river system causing changes in flow and

Department of Water 73



The FARWH for flowing rivers of south-west Western Australia: project summary and results

consequent erosion. The pattern of low-scoring reaches in the Harvey River SWMA
is similar to that for the longitudinal connectivity sub-index and the artificial channel
sub-index, suggesting that erosion in this SWMA may be related to hydrological
change as well as removal of riparian vegetation.

Fringing Zone

The final scores for the Fringing Zone index for reaches assessed in the 2008 and
2009 SWWA-FARWH trials are shown in Figure 39. Note: scores are available for all
reaches as this index was calculated using two sub-indices, one of which (extent of
fringing zone) was calculated remotely and the other (nativeness) relied on field data.
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Figure 39 Fringing Zone index scores for reaches in SWMAs assessed in 2008 and
2009 within the SWWA-FARWH trials

The Fringing Zone index scores display an average of the nativeness and extent of
fringing vegetation sub-indices, in that sites returning a severely modified score have
both a significantly reduced tree or shrub layer (both laterally and longitudinally) and
a high proportion of exotic species.
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The results represent the observations of field staff and the general understanding
and knowledge of systems held by departmental staff and are highly correlated with
land uses that typically result in removal of trees and clearing of understorey
(livestock and to a lesser extent cropping). Urban development throughout SWWA
(based on the SWMAs assessed) is relatively localised and would not contribute
significantly to scores at this level of reporting.

Extent of fringing zone sub-index

Two components were calculated for this sub-index, fringing vegetation length and
fringing vegetation width - these are presented individually below.

Fringing vegetation length component

Scores for the fringing vegetation length component for reaches assessed in the
2008 and 2009 SWWA-FARWH trials are shown in Figure 40.
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Figure 40 Fringing vegetation length component scores for reaches in SWMAs
assessed in 2008 and 2009 within the SWWA-FARWH trials
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In general, higher-order streams scored more poorly than lower-order streams. This
reflects the extent of clearing that has occurred in these areas, predominantly for
agriculture. Many of these streams have had their riparian zones cleared, in some
cases completely. The Shannon River SWMA scored very well, which correlates with
field observations of this near-pristine system. The scores also correlated well with
expected associated impacts such as land use.

Fringing vegetation width component

Scores for the fringing vegetation width component for reaches assessed in the 2008
and 2009 SWWA-FARWH trials are shown in Figure 41.
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Figure 41 Fringing vegetation width component scores for reaches in SWMAs
assessed in 2008 and 2009 within the SWWA-FARWH trials

Fringing vegetation width component scores correlated closely with the fringing
vegetation length component scores. This was expected because clearing generally
affects both the width and length of vegetation remaining. Both components are
included because ecologically they measure different things.
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Nativeness sub-index

Scores for the nativeness sub-index for reaches assessed in the 2008 and 2009
SWWA-FARWH trials are shown in Figure 42.
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Figure 42 Nativeness sub-index scores for reaches in SWMAs assessed in 2008 and
2009 within the SWWA-FARWH trials

The nativeness sub-index scores are dominated by extremes (see Figure 42), with
most reaches being either largely unmodified or severely modified. This pattern
reflects the nature of invasive species: some systems (rare) had no non-native
species (predominantly the Wild Rivers located on the eastern edge of the Albany
Coast SWMA and the entire Shannon River SWMA that is largely protected for
conservation purposes); others had limited exotics (where species have been
introduced into systems with a resilient native population); and the remainder were
dominated by exotics, primarily grasses (typically agricultural areas such as the
Harvey River, Preston River and Busselton Coast SWMAs).
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Aquatic Biota

The final scores for the Aquatic Biota index for reaches assessed in the 2008 and
2009 SWWA-FARWH trials are shown in Figure 43.
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Figure 43 Aquatic Biota index scores for reaches in SWMAs assessed in 2008 and
2009 within the SWWA-FARWH trials

The scores returned reflect our general understanding of reach health as determined
by field officers and regional environmental managers, with much of SWWA being
slightly to moderately modified due to extensive clearing and associated agricultural
land use impacts. There is a small degree of conjecture for a minority of reaches; for
example, it is believed that some reaches in the Shannon River SWMA (see
Appendix A) have been represented in a worse condition than is actually the case.
This may be related to limitations of the macroinvertebrate sub-index or indicate a
yet-unknown impact (such as climate change). The most significant impacts are
found in the eastern rivers of the Albany Coast SWMA, which reflects salinisation of
the area.
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Fish/crayfish sub-index

The fish/crayfish sub-index scores for reaches assessed in the 2008 and 2009 trials
are shown in Figure 44.
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Figure 44 Fish/crayfish sub-index scores for reaches in SWMAs assessed in 2008
and 2009 within the SWWA-FARWH trials

Fish communities in the SWMAs assessed were shown to be similar to what would
be expected under reference conditions, with most sites scoring as either largely
unmodified (0.8 to 1.0) or slightly modified (0.6 to 0.79). These sites were typically
dominated by native fish/crayfish species in terms of abundance and species
richness. Exotic fish/crayfish species were encountered at most of the sites across
SWWA (except in the most pristine areas such as the Denmark River and Shannon
River SWMAs) but abundance was generally low. The exceptions were two reaches
in the Albany Coast SWMA where no fish or crayfish were collected and one in the
Moore-Hill Rivers SWMA where only exotic species were collected. All three of these
sites were located in agricultural areas where the hydrological regime had been
altered, the riparian vegetation was cleared or highly disturbed and erosion was
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severe. In addition, the sites located in the Albany Coast SWMA were affected by
salinity.

Typically reaches with moderate scores (0.4 to 0.59) were found in agricultural areas
where riparian vegetation had been cleared or was highly disturbed (e.g. scattered
trees, no shrub layer, groundcover dominated by exotic species) and erosion was
severe. One site in the Harvey River’s upper reaches (above Stirling Dam) was the
only exception. This site was located in relatively pristine forest with little to no
erosion. The fish assemblage comprised one Galaxias occidentalis (western minnow)
and two Salmo trutta (brown trout) individuals. It is likely the extinction of other native
species expected to occur here, as well as the very low abundance of G.
occidentalis, is due to the presence of S. frutta, which are known to consume
endemic fish and crayfish (Morgan et al. 2004; Jenkins 1952; Pusey & Morrison
1989).

Macroinvertebrate sub-index

The final scores for the macroinvertebrate sub-index for reaches assessed in the
2008 and 2009 SWWA-FARWH trials are shown in Figure 45.
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Macroinvertebrate score
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Figure 45 Macroinvertebrate sub-index scores for reaches in SWMAs assessed in
2008 and 2009 within the SWWA-FARWH trials

Comparison of scores across SWWA showed reasonable correlation with land use
and hydrological impacts, with moderately modified conditions present across most
of the Swan Coastal Plain, eastern half of the Albany Coast SWMA and most of the
Moore-Hill Rivers SWMA, which is dominated by cleared land for agriculture. The
significant impacts observed in a few reaches (falling within the 0.2—0.39 band)
related to systems that were dominated by — or contained only — worms, midges and
other dipteran families.

There were a couple of unexpected results, such as some impact in the Shannon
River SWMA — which generally scored as pristine in all other indices within the
remaining ecological themes (including fish and crayfish). This may reflect a short-
coming of the AUSRIVAS model (discussed in Storer et al. (in press b)).
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5.2 2005 baseline-year assessment

As was introduced in Section 2, the national FARWH was created in response to
insufficient data being available to complete an Australia-wide river (and wetland)
health assessment for 2005: identified in the AWR (2005) audit. The 2005 baseline
year was designed to measure outcomes from actions taken to implement the NWI's
objectives.

An extensive data trawling and generation exercise was conducted as part of the
SWWA-FARWH trials to compile all available information to generate the 2005
baseline-year assessment. Data assessed was generally confined to 2005 (adjacent
years not included), because it was determined that using additional data (e.g. 2003—
07) had little influence on scores (no significant effects on spatial coverage or data
quality). However, where no data existed for 2005 ‘the next-best-available’ data were
used (within reason). Where data used for the 2008 and 2009 assessments were the
most appropriate, scores have not been regenerated for the 2005 baseline year.

Due to significant data limitations, only a sub-set of the SWWA-FARWH indicators
were able to be assessed for the 2005 baseline year: these are highlighted in Table
4. Many indicators were not scored due to low data confidence or insufficient spatial
coverage (see reviews below).
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Table 4 Data availability for the 2005 baseline-year assessment

Theme Sub-indices Data source Scale Data period
Components
Catchment Infrastructure Desktop Reach 2000-2008
Disturbance Land cover change Desktop Reach 2000-2005
(CDI) Land use Desktop  Reach 1996-2001
*Flow stress ranking
Low flow Desktop Reach 2005
g%g;c;:gical High flow Desktop Reach 2005
(HCI) Proportion of zero flow Desktop Reach 2005
Monthly variation Desktop Reach 2005
Seasonal period Desktop Reach 2005
*Total nitrogen Historical field  Site 2005
*Total phosphorus Historical field  Site 2005
Water Quality  *Turbidity Historical field  Site 2005
(wai) *Salinity Desktop Reach 1985-2002
Diel dissolved oxygen Field Site Not available
Diel temperature Field Site Not available
Longitudinal connectivity
Major dams Desktop Reach 2009
Minor dams Desktop Reach 2009
) Gauging stations Desktop Reach 2009
:’Ph!;lcal Form Road-rail crossings Desktop Reach 2009
Artificial channel Desktop Reach 2006
Erosion
Erosion extent Field Site Not available
Bank stabilisation Field Site Not available
Extent of fringing zone
Fringing Zone Fringing vegetation length Desktop Reach 2005
(FZ1) Fringing vegetation width Desktop Reach 2005
Nativeness Field Site Not available
Fish/crayfish
Aquatic Biota Expectedness Field Site Insufficient data
(ABI) Nativeness Field Site Insufficient data
Macroinvertebrates Field Site Insufficient data

Note: Sub-indices and components listed in red were not included in the 2005 assessment due to insufficient
data. *indicates partial assessment.

The following summaries discuss data availability and associated confidence for
each FARWH theme. SWMA scores for 2005 are provided where appropriate.
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Catchment Disturbance

Land use data were only available for the period 1996 to 2001. This is the same data
used in the 2008 and 2009 assessments provided in this report; therefore it is not
possible to provide a snapshot for 2005, or to detect change between the
assessment periods.

Infrastructure data are available for a range of dates between 2000 and 2008, but
only data on walking trails were available specifically for 2005. The best-available
data for the remaining infrastructure types would therefore be the same as for the
2008 and 2009 assessments, and as above, a 2005 snapshot is not possible.

Land cover change data were available for 2000 to 2005; however as the FARWH
document (NWC 2007b) suggests a minimum requirement of land use data and
infrastructure data in order to calculate the Catchment Disturbance index, the land
cover change sub-index was not pursued.
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Hydrological Change

Hydrology data was available for most reaches for the 2005 baseline-year
assessment. Results are shown in Figure 46.
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Figure 46 Hydrological Change index scores for 2005, the AWR baseline year
Water Quality

For TN, TP and turbidity, WIN data were used to generate water quality scores. This
followed the same scoring method as discussed in the theme description (see Storer
et al. (in press b)). Data collected between September 2005 and January 2006 were
taken, reflecting the same seasonal period assessed for the 2008 and 20089 trials.
Only WIN sites on valid reaches were used, resulting in coverage for 64 (TN and TP)
and 50 (turbidity) of 723 reaches across the study area. Where more than one
sample was taken per site over the sampling period, a median was calculated; and
where there was more than one site on a reach, the scores were averaged (there
were 89 WIN sites on valid reaches). The TN, TP and turbidity scores are shown in
Figure 47, Figure 48 and Figure 49 respectively.
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Figure 47 Total nitrogen sub-index scores for 2005, the AWR baseline year

86

Department of Water



Water Science Technical Series, report no. 39

N

Geraldton! S
Is

Figure 48 Total phosphorus sub-index scores for 2005, the AWR baseline year
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Turbidity score
— score not possible
score not possible
0.4 -0.59
0.6-0.79
—0.8-1.00
No data
----- Non-valid reach (DEWHA 2001)
1 SWMA - 2005 study (GA 2000)
SWMA - other
O Town (Landgate 1987)
Landuse (DAFWA 2001)
Agriculture

N\

Geraldton®

Forestry

Urban / Mining

Conservation

Water
u 0 75 150 km
!.Ig?l Gipvernment of Western Australla
_2&. Deparlivn? of Waler

il

Figure 49 Turbidity sub-index scores for 2005, the AWR baseline year

For the salinity sub-index, the Stream Salinity Status dataset (see Table 22), which
presents average flow-weighted salinity for the period between 1985 and 2002, has
not been updated to cover subsequent years. Thus it was not possible to provide an
assessment for 2005 using this data source. The possibility of using spot-sample
salinity data collected in 2005 (stored in the WIN database) was investigated but not
pursued due to differences in spatial coverage and data collection methods, which
would reduce the confidence in any change in scores between 2005 and subsequent
assessments.

There were no data available for calculation of the diel dissolved oxygen and diel
temperature indicators for the 2005 assessment.

Due to the data availability issues above, overall Water Quality index scores were not
calculated for the 2005 baseline-year assessment because missing data were
deemed too significant to conduct a worthwhile health appraisal. It is recommended
that the 2008 and 2009 trial scores be used as the best-available baseline for SWWA
systems.
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Physical Form

Only the artificial channel sub-index was available for scoring for the 2005 baseline-
year assessment, with a 2006 dataset available. The data are the same as those
used for the 2008 and 2009 assessments, therefore scores have not been re-
presented here.

No data were available for the erosion sub-index — as this requires specific field
observations. The possibility of using observations made for foreshore condition
assessments undertaken for river action plans was investigated, however it was not
possible to locate the field data collected during 2005 (Brunswick River and
Wilyabrup Brook action plans) (Mike McKenna, pers. comm.) and so this idea was
not pursued further.

The best-available dataset for the longitudinal connectivity sub-index was from 2009,
and as this was used for the 2008 and 2009 trials, the scores have not been re-
presented here.

It is recommended that a minimum of two out of the three sub-indicator scores are
used to calculate the Physical Form index for a reach (see Storer et al. (in press b)).
As data are only available for one of the sub-indicators, it would not be appropriate to
calculate Physical Form index scores for the 2005 assessment. As such, the best-
available assessment of baseline for this index is represented by the 2008 and 2009
SWWA-FARWH scores provided in this report.

Fringing Zone

Only the extent of fringing zone sub-index was available for the 2005 baseline-year
assessment. The nativeness sub-index requires field assessed data, which were
spatially insufficient for the 2005 period and would require interpretation of data
collected using various methods and personnel.

The extent of fringing zone sub-index was deemed to have an acceptable level of
information to assess the health of the fringing vegetation zone for the 2005 baseline.
Scores were generated and are shown in Figure 50.
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Fringing zone index score
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Figure 50 Extent of fringing zone sub-index scores for 2005, the AWR baseline year

By comparing 2005 Fringing Zone index scores with scores generated for the
SWWA-FARWH 2008 and 2009 trials, a certain degree of change is detected;
however, this is attributed to the nativeness sub-index being excluded from the 2005
assessment. When comparing the extent of fringing zone sub-index between
assessment years, little change is observed. This has two ramifications: firstly, that
comparison between themes is inappropriate (in this instance) where missing data
occurs; and secondly, the degree of change in the extent of fringing zone sub-index
is not significant — and therefore supports that the Fringing Zone index need only be
assessed infrequently (five years as per summaries in Section 4.9).
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Aquatic Biota

Data available for assessing the Aquatic Biota index for the 2005 baseline year were
very limited. As shown in Figure 51, only a small percentage of reaches had data for

either indicator: 17 reaches for macroinvertebrates and 18 reaches for fish/crayfish.

\\

Geraldton®

Available data for 2005 ABI assessment
Reach with fish / crayfish data
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Figure 51 Macroinvertebrate (yellow) and fish/crayfish (orange) data collected during

2005

In addition, available data for the fish/crayfish sub-index varied in sampling method

(collection techniques and season), making comparative assessments difficult (Table
5). Differences in method are known to produce different species profiles.
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Table 5  Fish/crayfish data collected during 2005

Year Season Type of Crayfish

collected collected data collected Collection method

Reference

Variety of seine nets (3 mm
woven mesh), composite gill
Morgan and nets, a Smith-Root backpack
Beatty 2005 April Abundance Y electrofisher, a portable
(2005) generator-powered
electrofisher, scoop nets and
crayfish traps.

Three replicate lengths of up to
100 m of streamline were
sampled. Most sampling
employed the use of an
electrofisher (Smith-Root
Model 12-A), which fished over
the entire sample area, to
Beatty and ) temporarily stun the fish and
Morgan ZOSSOaSnd N?\X 2004; Density Y freshwater crayfish to a radius
arch . .
(2005) 2005 of 2 m. On wider sections of
streams, 5 and 10 m seine nets
(stretched mesh width of 3 mm)
were also deployed. A
downstream larval trap (mesh
width 1 mm) was also deployed
at a selected site in each river
section.

Oct—early

Each site was sampled over an
area of up to 360 m? depending
on the degree of available
habitat. Sampling was primarily
i undertaken using a backpack
(Bzzztg)’ etal. 20;)050%nd I\Z/I(;?gh Density Y electrofisher. A variety of seine
2006 nets were also deploygd
depending on the habitat
(suitable, for example, in the
wider, shallow reaches of the
systems).

Sept

Only have one dataset —

Beatty et al. 2005 and 2005, all Graphs, assume that the data collected

(2006) 2006 seasons density N over multiple seasons were
2006 pooled.
Seine net and/or electrofisher.

Spring

Finally, only one reach had data for both fish and macroinvertebrates. Thus almost all
reaches would have had Aquatic Biota index scores based on only one indicator.
Given these limitations, the index was not used for the 2005 baseline review.

Summary

Due to the significant data limitations described above, it is recommended that the
desired 2005 baseline-year river health assessment be disregarded, and that the
baseline for measuring NWI objectives (and other programs in the future) uses the
scores generated from the 2008 and 2009 trials.
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To complete the baseline-year assessment for 2008—09 (for those SWMAs not yet
assessed), best-available data up until the period could be sourced. However,
available data will still be limited in some areas because many of the critical
ecological data have not been assessed in SWWA (at a sufficient spatial scale). As
such, a rapid completion of assessments for the remaining SWMAs is recommended.

5.3 Alignment between the FARWH and RHAS

The River Health Assessment Scheme (RHAS) was designed specifically for
tributaries of the Swan and Canning river systems, within the Swan Coast SWMA
[see Summary Box 7].

RHAS data collected in spring 2008 were put through the SWWA-FARWH scoring
protocol to investigate correlation between the local program and the FARWH. Note:
as the SWWA-FARWH assessment was not conducted for the Swan Coast SWMA, a
direct correlation has not been conducted.

Summary Box 7: the Swan Coast SWMA

The Swan region is the most developed and densely populated area in Western
Australia. The two main tributaries of the Swan River Estuary are the Swan
(becoming the Avon east of the Darling Scarp) and Canning rivers, with the
confluence near Perth’s CBD. The Swan River extends for approximately 30 km
through urban areas of Perth and into farmland and vineyards of the Swan River
valley. Many sections and tributaries of the Swan River have been dammed to
supply scheme water to both Perth and the Goldfields, and are strictly managed.
The Canning River drains the northern jarrah-marri forest before travelling across
the Swan Coastal Plain where land use changes from agriculture to urban. The
Canning is also heavily dammed.

The residential and industrial areas of Perth have an extensive network of drains
discharging into both rivers and the estuary. Nutrients are a widespread stressor
in the Swan Coast SWMA. Salinity and contaminant stress is more localised.

The RHAS was assessed as part of the national FARWH trials to test the ability of
existing programs to use the framework. Note: this component was primarily directed
at areas with long-term established programs, where it is essential the FARWH can
complement (not replace) these existing state-based programs. This was less
applicable for SWWA as no state-based integrated ecological assessment programs
are in place. RHAS is an ecological health program but is in its infancy and only
applies to part of one SWMA (there are no other applicable programs in SWWA).

The RHAS relates to Swan-Canning subcatchments that represent only a portion of
the Swan Coast SWMA (Figure 52). The SWMA is approximately 821 350 ha,
compared with 211 690 ha of subcatchments currently assessed within the RHAS.
There are two entire river systems (Brockman River and Wooroloo Brook) not
included in the RHAS study area. The upper reaches of many catchments (above the
Darling Scarp) are also not included. The RHAS does, however, assess a number of
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waterways that are not defined ARC reaches even though they are significant
tributaries to the Swan-Canning estuary (van Looij & Storer 2009a). For more
background information on the RHAS, see Galvin et al. (2009a; 2009b).

RHAS sites

©  RHAS site on reach
@  RHAS site not on reach
Reach with RHAS site
No data
- Non-valid reach (DEWHA 2001)
|| swMA-swan Coast (GA2000)
SWMA - other

©  Town (Landgate 1987)
Landuse (DAFWA 2001)

Agriculture
Forestry
Urban / Mining
Conservation

Water
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e ";. P
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Figure 52 Assessment area for the RHAS, within the Swan Coast SWMA

RHAS site selection was based on targeting priority subcatchments in terms of
nutrient concern and included systems of both high and low concentrations. For each
subcatchment chosen, two sites were selected on separate rivers or streams. Of the
20 sites assessed for the RHAS, only five Reconstructed (ARC) reaches were
captured.

The FARWH aligns well with the RHAS via the underpinning principles of both
programs. They both assess river health based on multiple ecological parameters;
use linear scoring protocols to compare site scores; use general methods to select
indicators; and follow standard protocols for data collection. However, there are
significant discrepancies between themes and indicators. These differences are
easily explained by scale: RHAS is designed for local management and targets
response indicators only. As such, it currently does not incorporate the pressure
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indicators used in the FARWH (e.g. Catchment Disturbance). Data availability for the
FARWH from the RHAS is detailed in Table 6 below.

Table 6 Data availability for the FARWH assessment from the RHAS

Catchment Fringing Hydrological Physical Water Quality Aquatic Biota
Disturbance Vegetation Change Form
Not included in Some data Not included in Some data Data available = Data available
RHAS transferable RHAS transferable for all FARWH  for all FARWH
Data collection Data collection indicators indicators
method varied method varied Data collection Data collection
Reviewed in Reviewed in method varies  method varied
Table 7 Table 9 for some for some
indicators indicators
Reviewed in Reviewed in
Table 10 Table 17

Catchment Disturbance and Hydrological Change

As discussed, the RHAS focuses on stream condition by assessing response
indicators. As such, little information is available for pressure (catchment
disturbance). Hydrological indicators are being developed for the RHAS but no data
have been collected.

Fringing Zone

Table 7 compares the RHAS and FARWH fringing zone methodologies.
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Table 7 Comparability between RHAS and FARWH for Fringing Zone index
Fringing
Zone sub- FARWH method RHAS method Achievable
indices
Extent of fringing zone sub-index
Possible

GIS data

More accurate at

Fringing Assessed the width of Field data site, less accurate
vegetation vegetation within a 50 m Assesses riparian width at reach.
width corridor on either side of the  within a 40 m corridor for one  FARWH indicator
component river. Measures perennial bank only; at three points can be scored for
vegetation (not limited to along 430 m of stream. reaches based on
riparian species). the three transects
used in RHAS.
GIS data
Assessed the percentage of Field data o Possible
Fringing the reach that is vegetated Assgssgs longitudinal More accurate at
vegetation (Ipoks gt the reach as a cont!nwty (length of site, less accurate
length single Ime, therefore continuous vegetation and at reach.
component vegetatpn only needs to be the length and presence_of Only 430 ¢
on one side to be counted). ‘breaks’ (> 10 m length) in nly mora
Measures any perennial the vegetation); along 430 m reach would be
vegetation (not just riparian of stream for one bank only. assessed.
species).
Field data Field data
Assessed the percentage of  Method similar to FARWH
Nativeness gxotic groyndcover (recorQed except t.he percentagel
sub-index in categories) as a proportion categories used are slightly Yes
of the total vegetation cover different and it assesses the
in the fringing zone (10 m total vegetation cover (not a
from the river edge). proportion as for FARWH).
The overall site score is
The overall site score is an obtained by adding together
average of the extent of the sub-indicator scores and
fringing zone sub-index and converting to a score out of Partly

Integration of
scores

the nativeness sub-index
score.

(Note: extent of fringing zone
sub-index is an average of
the fringing vegetation length
and fringing vegetation width
scores).

10.

RHAS fringing zone sub-
indicators are: longitudinal
continuity, vegetation width,
structural intactness, cover of
exotic vegetation, recruitment
of native woody vegetation
and canopy cover.

Due to reasons
outlined above,
scores for all sub-
indices may not be
available.

A direct comparison of the width and length indicator scores was not conducted given
the differences in data collection method and variations in scale of assessment. The
SWWA-FARWH nativeness sub-index and the RHAS cover of exotic vegetation
indicator only differed slightly due to scoring bands, having no impacts on final
scores. The scoring bands from the two programs are shown in Table 8.
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Table 8 Scoring bands assigned for both the FARWH nativeness sub-index and
the RHAS cover of exotic vegetation indicator

Cover of exotic Cover of exotic
vegetation FARWH score vegetation RHAS score
(% total cover) (out of 1) (% total cover) (out of 4)
FARWH RHAS

>75 0.1 > 60 0

50-75 0.2 40-60 1

10-50 0.6 11-40 2

1-10 0.8 1-10 3

0 1 0 4

Note: the FARWH bands were developed from RHAS bands and improved through guidance from literature and
field validation exercises.

Whether scores were able to be compared directly or not, the ability for the programs

to ‘talk to each other’ has been supported. If both programs were to continue, RHAS

data plus GIS data used for the broader-scale width and length indicators would

enable the Fringing Zone theme to be generated with little effort.
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Physical Form

Table 9 compares the RHAS and FARWH physical form methodologies.
Table 9  Comparability between RHAS and FARWH for Physical Form index

Physical
Form sub- FARWH method RHAS method Achievable
indices
Field data (actual barriers). No
The measuring site (430 m) .
Information from
takes the lowest score of all the two programs
Longitudinal . ; the barriers located : :
connectivity GIS data (potential barriers) downstream from it (as this is will not necessarily
. . ; show the same
the barrier that will be having .
) ) trends (different
the greatest impact on fish .
oo . errors involved).
migration at the site).
No
Field/GIS R'TA? doesnot
Artificial GIS data (proportion of Classifies streams into ‘river gﬁecgrg c?hgenrﬁspseod
channel straight section of river) like’ and ‘drain like’ (not only . ’
. and is influenced by
related to straightness).
other factors
(uniform depth).
Erosion

Erosion extent
component

Bank condition
component

Field data

Assess the extent
(percentage) of active and
recently eroding surfaces on
the left and right bank over a
100 m sampling site.

Field data

Uses data collected on the
percentage cover of
vegetation (trees <10 m,
trees > 10 m, shrubs only)
over a 100 m sampling site.

Provides a measure of the
vegetation cover and
complexity on the river banks
as an indication of how well
the bank is stabilised.

Field data

Data collected on bank
condition. Combines factors
such as severity of erosion
exposed roots and bank
instabilities (assessed at
three 30 m transects over a
430 m site). Does not assign
an actual percentage of
erosion.

Field data

Data collected on the
percentage cover of trees

(> 5 m tall) and shrubs
(assessed at three 30 m
transects over a 430 m site).

Partly

No data on the
extent (percentage)
of erosion along
both banks for the
erosion extent
component.

Data available for
the bank condition
component. RHAS
has data on percent
cover of shrubs and
trees at the site.
However, the trees
are not categorised
into <10 m and >
10 m and the size
of the area sampled
differs.

A direct comparison of scores was not conducted for this exercise given the
differences in data collection method and variations in scale of assessment. Similar
to the Fringing Zone theme, this exercise has demonstrated that the two programs
are closely aligned, supporting the FARWH’s relevance to local conditions and
providing a valuable comparative resource for any future assessments.

98

Department of Water



Water Science Technical Series, report no. 39

Water Quality

Table 10 compares the RHAS and FARWH water quality methodologies.
Table 10 Comparability between RHAS and FARWH for Water Quality index

Water Quality

s FARWH method RHAS method Achievable
sub-indices
Total nitrogen Compared field (site) Yes
' ; collected data to guidelines L
Compared field (site) However guideline
o developed by the .
Total collected data to guidelines bands are different
Department of Water. These
phosphorus developed by the lightl dified to b between FARWH
Department of Water were shg tly modified to be and RHAS (see
o ' specific for the Swan Coast Table 12
Turbidity SWMA (Galvin et al. 2009).  1201e 12).
Temperature recorded every  Temperature recorded every  Yes
Diel 10 mins for 24 hours. Diurnal 10 mins for 24 hours. Diurnal  However, guideline
temperature temperature range compared temperature range compared values varied

with guidelines (one value for
both upland and lowland

with guidelines (different
values for upland and

between FARWH
and RHAS (see

Diel dissolved

rivers). lowland rivers). Table 14).
Oxygen recorded every 10 Oxygen recorded every 10 Yes
mins for 24 hours. Score mins for 24 hours. Score Same data

based on the percentage of

based on the percentage of

collection and

oxygen time spent in different time spent in different scoring method
dissolved oxygen bands. dissolved oxygen bands. used for FARWH
and RHAS.
Yes
Used modelled and actual Compared field (site) However, threshold
data developed by Mayer et collected data (eIeptnc;aI values vary
al. (2005) that classified the conductivity) to guidelines between RHAS and
salinity (total dissolved salts) geveloped by the FARWH (see Table
- of watercourses in SWWA. epartment of Water (see 15). Modelled data
Salinity Table 15). These were is available for

These classifications were
matched to reaches and
compared with guidelines
based on salt tolerances of
aquatic biota (see Table 14).

slightly modified and
converted to electrical
conductivity to be specific for
the Swan Coast SWMA
(Galvin et al. 2009).

some of the RHAS
reaches.
Alternatively, RHAS
field collected
samples could be
compared with
FARWH guidelines.

Integration of
scores

Used the precautionary
principle approach

(i.e. the final score is the
lowest of the average of the
secondary indicators (TN,
TP, turbidity and diel
temperature indicators) and
the primary indicators
(salinity and diel dissolved
oxygen).

All scores are added together
and equally scaled to obtain
a final score out of 10.

Yes

Can use
precautionary
principle with RHAS
scores (see Table
16). Note: pH is not
used in FARWH
scoring.
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Water quality was highly correlated between the RHAS and FARWH, highlighting the
effectiveness of the FARWH methods at a range of scales (useful at local scales
targeted by the RHAS). To test the alignment of the two programs, RHAS scores
were generated using FARWH protocols, which required two processes:

1 The RHAS site/reach scores were converted to a score out of 1 to make them
comparable with the FARWH.

2 The RHAS sites were scored using FARWH scoring techniques. Where there
were two sites on the reach, an average was taken.

Summary: total nitrogen, total phosphorus and turbidity sub-indices

Reach scores generated using RHAS and FARWH protocols generally scored within
the same category — most likely a result of similar thresholds being used for scoring.
These thresholds were sourced from an existing Department of Water classification
scheme for comparing data statewide (DoW 2004). The RHAS further modified the
scheme’s classifications specifically for the Swan Coast SWMA (Galvin et al. 2009a).
The major difference between the two programs is that the lowest score able to be
assigned to a site is zero using RHAS protocols and 0.4 using FARWH protocols.

RHAS and FARWH scores for TN, TP and turbidity are compared in Table 11.

Table 11 Reach scores for total nitrogen, total phosphorus and turbidity — generated
from both RHAS and FARWH scoring protocols

River system Reach Total nitrogen Total phosphorus Turbidity

FARWH RHAS FARWH RHAS FARWH RHAS

Ellen Brook 6160553  0.50 0.25 0.40 0.00 0.50 0.25
Jane Brook 6160569  1.00 1.00 1.00 1.00 1.00 1.00
Bennett Brook 6160571 0.60 0.50 0.80 0.75 0.40 0.00
Helena River 6162041 1.00 1.00 0.90 0.88 0.90 0.88
Wungong/ 6161640  0.80 0.75 0.80 0.63 0.80 0.75

Southern Rivers

Table 12 Comparison of RHAS and FARWH scoring thresholds for total nitrogen,
total phosphorus and turbidity

™ . P . Turbidity FARWH score RHAS score

concentration concentration (NTUs) t of 1 tof 4

(mg/L) (mg/L) (out of 1) (out of 4)
<0.75 <0.02 <5 1 4
0.75-1.2 0.02-0.08 5-10 0.8 3
>1.2-1.7 > 0.08-0.14 >10-16 0.6 2
>1.7-2.00 >0.14-0.20 > 16-25 0.6 1
>2.0 >0.20 > 25 0.4 0
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Summary: diel temperature, diel dissolved oxygen and salinity sub-indices
Diel temperature

The temperature scores varied between the RHAS and FARWH, with the RHAS
assigning reaches higher scores (one or two categories higher) than the FARWH.
There are two reasons for this. Firstly, the difference in possible scores (the RHAS
only assigns scores of 0 or 1 whereas the FARWH assigns scores of 0.4 or 0.8).
Secondly, the RHAS differentiates between upland and lowland rivers when
calculating scores (with a larger temperature range being considered acceptable in
lowland rather than upland rivers), whereas the FARWH uses the more precautionary
of these two temperature ranges (see Table 14). This is summarised in tables 13 and
14.

Table 13 Reach scores for diel temperature, salinity and diel dissolved oxygen —
generated from both RHAS and FARWH scoring protocols

River system Reach Temperature Salinity Diel DO
FARWH RHAS FARWH RHAS FARWH RHAS
Ellen Brook 6160553 0.60 1.00 1.00 0.88 0.68 0.68
Jane Brook 6160569 0.80 1.00 no data 0.75 1.00 1.00
Bennett Brook 6160571 0.40 1.00 no data 0.50 0.33 0.33
Helena River 6162041 0.80 1.00 1.00 0.88 0.82 0.82
Wungong/ 6161640  0.60 1.00 1.00 1.00 0.90 0.90

Southern Rivers

Note: Some FARWH reaches have missing data for salinity as data were not provided by the model.

Table 14 Comparison of RHAS and FARWH scoring thresholds for diel temperature

Diel temperature Diel temperature FARWH score

range (°C) range (°C) (out of 1) RHA? sfc:re
upland rivers* lowland rivers* l\_lote. uses upland (out of 4)
rivers scoring only
<4°Cover24 hours <5.5°C over 24 hours 0.8 1
> 4°C over 24 hours > 5.5°C over 24 hours 04 0

*RHAS uses different diel temperature ranges for upland (those at more than 150 m in altitude) and lowland
rivers; FARWH uses the upland temperature ranges only.

Diel dissolved oxygen

The RHAS and FARWH use the same scoring method for diel dissolved oxygen,
therefore the reach scores did not differ.
Salinity

Despite some variation in the salinity scoring methods and thresholds for the RHAS
and FARWH, there was little difference between the final salinity scores (see Table
13). This correlation was mostly due to RHAS sites having low salinity levels (all were
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below 1000 mg/L) and therefore receiving high scores. Assigned threshold levels for
scores above 1000 mg/L are less similar between the two programs (Table 15).

Table 15 FARWH and RHAS scoring thresholds for salinity

Salinity Catedo FARWH score RHAS score
(mg/L TDS) gory (out of 1) (out of 4)
<500 Fresh 1 4
500-1000 Marginal 1 3
1000-1500 Marginal-brackish 0.9 2
1500-3000 High-brackish 0.8 2
3000-7000 Low-saline 0.5 1 (3000-5000)
7000-14 000 Mid-saline 0.2 0 (> 5000)
14 000-35 000 High-saline 0 0 (> 5000)
> 35 000 Brine (seawater) 0 0 (> 5000)

RHAS salinity thresholds were adapted from existing Department of Water (2004)
guidelines (the RHAS used electrical conductivity, thus data required conversion to
salinity). The FARWH thresholds were developed based on literature relating to salt
tolerances of aquatic biota and are thus viewed as an improvement on those of the
RHAS. Further, RHAS scores were based on spot measurements, whereas the
FARWH scores were based on field and modelled data. See Storer et al. (in press b)
for more detail on the development of sub-indices for the Water Quality theme.

Overall Water Quality theme score

Overall the RHAS scoring technique assigned a slightly higher Water Quality index
score than that of the FARWH (see Table 16). This may be due to differences in the
integration method as the RHAS equally weights sub-indicators, whereas the
FARWH uses the precautionary principle and categorises each indicator as ‘primary’
or ‘secondary’ (see Storer et al. (in press b) for more information on scoring protocols
for the Water Quality theme). In addition, the final RHAS score included field
measurements of pH whereas the FARWH did not. However, based on an
assessment of the scores, this is unlikely to have a significant impact on the overall
Water Quality index score.

Although the RHAS did not use ‘primary and secondary indicators’ to integrate the
water quality sub-indicators, the authors recommend this concept be investigated for
future RHAS assessments (Galvin et al. 2009b). This was tested by applying the
precautionary approach to the original RHAS data (see Table 16). For three of the
reaches this lowered the RHAS scores, making them more comparable with the
scores generated by the FARWH.
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Table 16 Overall Water Quality index score for RHAS and FARWH

River system Reach Overall Water Quality index score
FARWH RHAS RHAS
(actual) (precautionary)
Ellen Brook 6160553 0.38 0.58 0.38
Jane Brook 6160569 0.95 0.96 1.00
Bennett Brook 6160571 0.33 0.40 0.63
Helena River 6162041 0.82 0.90 0.79
Wungong/ 6161640 0.71 0.86 0.77

Southern Rivers

It is clear that generation of FARWH scores from RHAS data would produce a useful
assessment. However, as data for only five FARWH reaches were available from the
RHAS there is little point in attempting to score water quality for the SWMA.

In the future, the authors recommend the RHAS program be updated to include a
number of the new indicators developed through the SWWA-FARWH trials.
Additional assessments should be added to the program to enable future FARWH
assessments, while also maintaining indicators for local management purposes.

Aquatic Biota

The following table compares the RHAS and FARWH aquatic biota assessment.
Table 17 Comparability between RHAS and FARWH for Aquatic Biota theme

Aquatic Biota FARWH method RHAS method Achievable
sub-indices
Fish/crayfish
Expectedness Consists of two Complexity component Yes
component measures which - based on the number ~ RHAS sampling

compare the species
composition of the
observed native
assemblage of fish
species to that predicted
at a site under
unimpacted or reference
conditions (expected),
based on reference lists
of species at site and
subcatchment scales.
OP measure does not
correct for rare species;
hence it does not take
into account species
which occur in seasonal
river systems and
migratory species.

of native fish species
present, compared with
the number of native fish
species expected to
occur under unimpacted
(or pre-European)
conditions.

This method does not
take into account rare or
seasonal species as in
the FARWH.

Co; =4 x (nSpn/nSpe)
Where Co, = complexity
score, nSp, = number of
native species collected,
nSpe. = number of native
species expected.

methods provide data
that can be used to
calculate the
expectedness indicator.
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Aquatic Biota
sub-indices

FARWH method

RHAS method

Achievable

OE measure accounts
for these ‘rare species’
by not including them in
the observed/expected
scoring.

Nativeness

The nativeness
component integrates
two measures
(proportion of native
abundance and
proportion of native
species); contains
information on the
proportions of
abundance and species
richness that is native
rather than exotic.

Resilience component:
proportion of native
fish/crayfish abundance
compared with the total
number of fish/crayfish
collected.

Yes, RHAS sampling
methods provide data
that can be used to
calculate the nativeness
indicator.

Expert rule for A cap of 0.05 is applied  No rules used Yes
scoring to sites where only
fish/crayfish exotic fish/crayfish
species are present (i.e.
nativeness component
score equals zero).
Sites with no fish score
zero.
Score calculation FCSI=OE + [(2 x FCns =CC, + Co, + R, Yes
for fish/crayfish OP)+OPg]+ Pap + Pgp Where FCs =
Where FCSI = fish/crayfish index score;
fish/crayfish sub-index CC,; = carrying capacity
score, OE = observed to  score; Co, = complexity
expected ratio, OP, = score; R, = resilience
observed to predicted score.
ratio (includes rare Extra indicator used in
species), OPs = RHAS: carrying
observed to predicted capacity. The carrying
ratio (includes seasonal capacity component
species), Pa, = provides a score based
proportion native on the total number of
abundance, Ps;, = individuals (native and
proportion native exotic fish/crayfish) that
species. are collected.
Sampling method Combination of box Fourteen box traps (four  Yes.

for fish/crayfish traps and fykes set fora large and 10 small) set Probability of capture
24-hour period. over a 24-hour period. may change for some
One fyke is set at the No fykes are used due species, such as
top of site facing to the accessibility of Galaxias occidentalis
upstream and the other  sites to the general (western minnow) which
is set at the bottom of public. are not frequently
site facing downstream. collected in box traps.
The 10 box traps (five
large and five small) are
set in all habitats
present.
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Aquatic Biota FARWH method RHAS method Achievable
sub-indices
Macroinvertebrates

Observed/expected WA Spring channel WA Spring channel Yes
(AUSRIVAS) model used to generate  model used to generate

O/E score. O/E score.

O/E scores greater than A score is assigned

one were modified by based on the

subtracting the amount ~ AUSRIVAS condition

by which they were bands.

greater than one from

one to give a final score

of less than one.
Sampling method Standard AUSRIVAS Standard AUSRIVAS Yes

for
macroinvertebrates

protocol. Scores for both
the overall theme and
individual indicators are
0-1.

protocol. Overall theme
scores are calculated
out of 10. Individual
indicators are scored out
of 4.

Score calculation
for
macroinvertebrates

Ml = O/E

Where MI =
macroinvertebrate
score; O/E= AUSRIVAS
observed/expected

Ml = Mps = 10/12 x
[AUSys + SIGys + FRps]

M,.s = macroinvertebrate
theme;

AUS,,s = AUSRIVAS
indicator score;

SIG,,s = SIGNAL
indicator

Score; FR,s = family
richness indicator score.
Extra indicators used in
RHAS — family richness
and SIGNAL indicators.

Given the similar sampling techniques used in the RHAS and FARWH, scores
generated were compared. The RHAS site/reach scores were converted to a score
out of one (to enable comparison with the FARWH scores).

An initial assessment was conducted using all RHAS sites (regardless of the
relationship with recognised reaches for the SWWA-FARWH). This highlighted a
reasonable correlation but did identify a standard error: combining the
macroinvertebrate and fish themes using RHAS scoring protocols results in lower
Aquatic Biota index scores when compared with the FARWH scoring method. Eleven
sites (out of 20) were placed one condition band lower using RHAS scoring protocols
compared with the FARWH. Note: one site in Helena River was classified as pristine
using FARWH methods and moderately disturbed using RHAS methods.

Follow-up assessments were done using the five valid FARWH reaches in the RHAS
study area. Scores for the Aquatic Biota index and associated indicators were
calculated using FARWH and RHAS scoring methods (see Table 18). RHAS scores
tended to be lower than the FARWH scores, with reaches rarely scoring within the
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same FARWH condition band, although they typically fell into the next condition band
(as with the initial assessment).

Table 18 FARWH and RHAS scores for the macroinvertebrate sub-index,
fish/crayfish sub-index and Aquatic Biota theme

River system Reach Fishslg:;ezfish Macroisncv:rr;ebrate Aqu:(t:igrsiota
FARWH RHAS FARWH RHAS FARWH RHAS

Ellen Brook 6160553 0.89 0.79 0.75 0.54 0.82 0.67

Jane Brook 6160569 0.80 0.82 0.75 0.75 0.78 0.79

Bennett Brook 6160571 0.67 0.56 0.28 0.28 0.47 0.42

Helena River 6162041 0.81 0.71 0.89 0.71 0.85 0.71

Wungong/ 6161640 0.68 0.75 0.49 0.42 0.59 0.58

Southern Rivers

The fish/crayfish indicator assessed in the RHAS is similar to the FARWH as it
includes an observed/expected assessment (Complexity metric) and measures the
proportion of individuals that are native rather than exotic (Resilience metric). The
third metric used in the RHAS is the total abundance of individuals (includes natives
and exotics) found at a site — a measure of the system’s capacity to support life
(Carrying capacity metric).

The FARWH method is an improvement on the RHAS, through new information and
field testing. The FARWH method is also less limited by scale. As such, the RHAS
scoring method for fish/crayfish will be updated to include the expectedness (OE)
and nativeness indicators developed as part of the FARWH. More work is necessary
to determine whether the Carrying capacity metric currently used in the RHAS should
remain.

Summary

The RHAS and FARWH programs align closely. For the FARWH this highlights that
its methods are effectively representing the finer scale targeted by the RHAS, while
remaining relevant at the SWMA scale.

As discussed above, the RHAS is still being developed and is localised to one portion
of one SWMA in SWWA. As such, the requirement of the FARWH to align closely is
less important than in other states, which have long-term statewide programs.

Finally, in many cases it was shown the FARWH methods were an improvement on
those of the RHAS, and it has been determined that the RHAS will be updated
accordingly. It was always the intent to update the RHAS as new research and data
became available.
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6 Discussion of results
6.1 Performance of the FARWH (SWMA scores)

Individually, themes and indicators were shown to perform well in terms of capturing
variability (known or inferred) and reflecting health status. This was demonstrated
through sensitivity analysis, scenario testing and comparisons against expert opinion,
as well as via efficiency assessments using power analysis and correlation-
redundancy measures (see Storer et al. (in press b) for results of these analyses).

Themes and indicators were also shown to perform well (at the SWMA scale) when
compared against indicators in other ecological themes (pressure-stressor
responses) and against what is generally understood about the health of SWWA
systems (see excerpt below and the SWMA reviews in Section 4.2: SWMA
selection).

Within SWWA the Shannon River SWMA is generally considered the most
pristine of the SWMAs assessed, based on the low level of urban and agricultural
development, minimal vegetation clearing, and absence of significant hydrological
modification. Alternatively, most of the other SWMAs assessed have been
extensively cleared for agriculture, especially in lowland/coastal areas and
intensifying around the Harvey to Preston River SWMAs.

The final theme and indicator scores for each SWMA assessed within the SWWA-
FARWH field trials are shown in Figure 53, which generally align with the
understanding of river health in SWWA.
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As shown in Figure 53, scores for Shannon River SWMA reflected the low degree of
disturbance, whereas a slight to moderate modification was apparent across all other
SWMAs, with some elements of substantial modification in the Harvey River and
Preston River SWMAs — as expected. However, there are a number of exceptions,
which do not appear to follow the general understanding of river health in SWWA.
These exceptions are examined in the theme summaries below.

Fringing Zone theme

The overall Fringing Zone scores were as expected. Harvey River and Preston River
SWMAs scored the lowest, being assigned the substantially modified category. Most
of the associated subcatchments have been cleared to support agriculture and
mining. In addition, many of the reaches were drains and only supported an exotic
understorey consisting of grasses. Although much of the Albany Coast and Denmark
River SWMAs have been cleared, they scored in the slightly modified category as
there appears to be corridors of native vegetation remaining along most river
reaches. However, these areas have been invaded by exotics. The Shannon River
SWMA is classified as largely unmodified. This is the closest to pristine of the
SWMAs sampled with only a small percentage of the catchment cleared. The Collie
River, Moore-Hill Rivers and Busselton Coast SWMAs were classified in the
moderately modified category. A more extensive invasion of exotics in these areas
resulted in their lower overall scores compared with the Denmark River and Albany
Coast SWMAs.

Hydrological Change theme

SWNMA scores for hydrology show little differentiation at the SWMA level. A slight
modification to hydrology was shown for all SWMAs, with the exception of Shannon
River SWMA, which showed no hydrological alteration at even the component level.
This is somewhat surprising given the degree of modification in the Harvey River,
Preston River, Collie River and Busselton Coast SWMAs due to clearing, reservoirs
and diversions. However, poor scores in these areas were balanced by higher scores
in unmodified areas within the same SWMA — explaining the overall classification.

Water Quality theme

Generally most SWMAs scored in the slightly modified to largely unmodified
category. The exception was the Albany Coast and Moore-Hill Rivers SWMAs which
scored in the substantially and moderately modified categories respectively. This is
primarily due to high salinity in the eastern parts of these SWMAs (high salinity
occurred in over half the reaches in both SWMAs). Note: results for Albany Coast
SWMA need to be considered in relation to varying confidence levels, as there is
evidence to suggest that some degree of salinity is natural (see discussion in Storer
et al. (in press b)). A potential issue is that reaches in the western parts of these
SWMAs do not have high salinity, which is not reflected in the overall Water Quality
index score. This issue relates to SWMA boundaries (see discussion in the
Catchment Disturbance summary).
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Scores for the remaining SWMAs are somewhat unexpected as the Water Quality
index showed little relationship with the high degree of land use change and loss of
fringing vegetation, especially in the Harvey River and Preston River SWMAs.
Further, the Shannon River SWMA was in the same category (largely unmodified) as
the Preston River SWMA which is substantially more cleared and developed. This is
most likely related to the inability for the Water Quality index to be effective using
primarily point-source data. This situation has been addressed in Section 8.1:
Recommendations (use of logging equipment to capture longer-term data across
multiple parameters).

Physical Form theme

SWMA scores for the Physical Form index ranged between 0.4 and 0.8. The
differentiation between SWMAs was not necessarily as anticipated; for instance,
SWMAs expected to be identified as significantly modified showed only minor
departure from reference. The lower scores derived for Harvey River, Preston River,
Busselton Coast and Collie River SWMAs were expected because in these areas the
quantity and quality of habitat is known to be impacted by drainage channels and
dams for water supply. However, the scores for Moore-Hill Rivers and Albany Coast
SWMAs were higher than expected and those for Shannon River and Denmark River
SWMAs were lower than expected based on perceived levels of disturbance in these
areas.

This finding may be a true indication of physical form or related to underpinning data.
For instance, the barrier dataset used to calculate the longitudinal connectivity sub-
index has not been validated for the SWMAs assessed — as such, the degree of
impact of potential barriers in different areas may be very different. Understanding
the impacts of physical form and the ability of the current protocols to reflect these
conditions will be the focus of future assessments.

Aquatic Biota theme

SWNMA scores for the Aquatic Biota index ranged between 0.6 and 0.8. The highest
scores occurred in the Shannon River and Denmark River SWMAs, which was as
anticipated. Similarly the lower scores derived for Harvey River and Preston River
SWMAs aligned with knowledge of disturbance to the river systems caused by land
use in these areas. The ranked health of SWMAs correlated with expectations,
however at the SWMA scale there was little range in scores. This has been identified
as a scale issue, with biota impacts observed at a site/reach level and thus any
change is dampened at the SWMA scale (see discussion in the Catchment
Disturbance summary below).

Catchment Disturbance theme

The SWMA scores for the Catchment Disturbance index and associated sub-
indicator scores are all within the slightly modified to largely unmodified categories.
The differentiation between SWMAs is generally as anticipated, with Preston River,
Busselton Coast, Moore-Hill Rivers and Albany Coast SWMAs known to be more
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disturbed than the Shannon River SWMA. The exceptions are the Harvey River and
Denmark River SWMAs. In SWWA the Harvey River SWMA is often perceived as
one of the more impacted catchments in terms of having the highest proportion of
clearing (of which a large component is used for dairy cattle). Denmark River SWMA
is alternatively perceived as less modified than many of the SWMAs assessed,
however this differentiation was not apparent at the SWMA scale.

These exceptions may be a function of multi-parameter effects on responses: where
response is a result of a combination of factors that are acting differently under
different natural environmental conditions (e.g. elevation and rainfall). However, a
major overriding factor is the reporting scale, which effectively reduces the sensitivity
of all scores. Impacts in SWWA are often confined to the lowland coastal areas,
especially in the south-west corner (see Figure 54), whereas SWMA boundaries
extend from lowland to upland zones.
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Figure 54 Land uses in SWWA, encompassing Harvey River, Collie River, Preston
River and Busselton Coast SWMAs. The division between conservation-
dominated upland areas and agriculture-dominated coastal lowland areas

(west of Darling Scarp)

Although impacts in the lowland sections are identified and characterised through
reach scores, both the severity and any variability between SWMAs is dampened by
aggregation of scores in the more impacted lower catchments with the relatively
unmodified upland regions. That is, scores towards the extreme end of the impact
scale are lost and differences between areas are reduced (typically falling within the
same category). Redefinition of SWMAs (e.g. splitting current areas by elevation)
was not conducted due to time availability for the SWWA-FARWH trials, but this is a
key recommendation for future work. Note: for local purposes, the reach scores
provide an adequate assessment of the severity of more localised impacts.

Note: while there is some differentiation between the scores of the SWMAs assessed
in 2008 and 2009, the effectiveness of the Catchment Disturbance index for SWWA
cannot be properly evaluated until the remaining SWMAs, including the metropolitan
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areas of SWWA, are assessed (it is anticipated there will be greater differentiation
between rural and urban SWMASs).

Summary

1 Themes and indicators performed well at the reach and SWMA scale and
given the current availability of river health data.

2 The multi-parameter approach is supported given that no one indicator or
theme was found to represent health. This was further supported by field
observations (e.g. sites with the same catchment land use displayed large
differences in the extent of both understorey and large trees in the river
corridor, thus neither vegetation nor catchment disturbance indicators are
sufficient individually).

3 The overriding issue for national reporting is the reporting scale. Aggregation
to the SWMA scale was identified as having a dampening effect on scores
(reducing sensitivity) and had different effects in different areas (bias). SWMA
boundaries require redefinition to resolve this issue, including accounting for
land use changes with elevation. Note: this is primarily a state issue due to the
requirement for local relevance, however national comparability must be
considered.

6.2 Discussion and analysis on integration of data

This section examines the integration of data: incorporating weighting of indicators to
generate themes and dealing with missing data at the reach and SWMA scale.

Weighting at reach level (combining indicators)

The combining of indices to calculate theme scores followed a range of methods
within the SWWA-FARWH, based on applying weights to each indicator associated
with the respective influence on the health of the theme. In most cases, insufficient
information was available to assign specific weights — as this required rigorous
statistical and field validation outside of the time available for the SWWA-FARWH
trials. As such, an unweighted average of component indicator scores was applied
for Catchment Disturbance, Aquatic Biota, Hydrological Change and Fringing Zone (a
standard position in the absence of information). The Physical Form theme followed
a similar principle, however Euclidian Distance was employed as the theme
indicators represented mutually exclusive conditions (connectivity, erosion and
channelisation). Note: averages were used where indicators measure similar
attributes of the same condition, such as within the Aquatic Biota theme.

A slightly different approach was taken for the Water Quality index, where a
precautionary principle was adopted. This was done to represent a distinct difference
in water quality parameters, between those resulting in mortality or impairment of
growth and reproduction at specific levels (salinity and dissolved oxygen), and those
with no discernible threshold limit (TN, TP, turbidity, temperature). In this instance,
the Water Quality theme score was selected as the lowest score from either
dissolved oxygen, salinity or the average of the four secondary parameters. Note:
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temperature will have specific thresholds for different species, but due to limited
knowledge on species tolerances, appropriate thresholds could not be identified.

In some cases, weighting was applied in generating theme indicators (e.g. integrating
components and metrics) where an obvious trend was observed. For instance, in
generating the longitudinal connectivity sub-index, weights were applied to the four
components: major dams, minor dams, gauging stations and river crossings. In this
case, the specific contributions of the different data were unknown, however the four
components could be ranked in terms of impacts. To represent the different impacts
a linear scaling factor was applied, this being: major dams weighted 1 (highest
impact); minor dams 0.75; gauging stations 0.5; and river crossings 0.25 (lowest
impact).

Literature was also used where available to inform weightings. This was particularly
effective for the land use and infrastructure sub-indices. For example, land use
categories were broken down into the elements of each land use that are known to
impact on river health, such as nutrients, contaminants and sedimentation.
Weightings for each land use were then calculated based on the relative contribution
of each component (see Storer et al. (in press b)).

Development or improvement of appropriate weightings for all indicators is an
important next stage in developing the SWWA-FARWH, requiring additional field data
(to validate existing patterns) and information about species tolerances and
associated statistical analysis to quantify influence.

Weighting at SWMA scale

Although suggested in the FARWH guidelines (NWC 2007a), combining themes
together at the SWMA scale was not conducted. Themes were reported separately at
the SWMA level to allow interpretation of specific impacts, and further, it was deemed
inappropriate to combine themes representing different levels of ecological
information.

Finally, most SWMAs assessed in the SWWA-FARWH contained a range of
conditions, from near pristine through to severely impacted (a situation exacerbated
by large SWMAs existing in SWWA, where boundaries cross significant scales of
altitude and climate — and accordingly large differences in land use and associated
impacts). As such, combining themes de-sensitises scores; effectively masking any
impacts against the pristine areas and producing a moderate health rating.

Missing data

There are missing data at the indicator, theme and reach level, and these must be
accounted for in terms of integration and appropriateness to represent health. From
this there are two issues:

1 the minimum level of information required to generate a theme score for a
SWMA (number of reaches/sites)
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2 the level of information required to discuss health at the SWMA scale (how
many and which themes are required).

There is no single solution for the first issue, as the level of information required to
represent a theme is relative. That is, different indicators within each theme require
different sample sizes, and operate at different scales. This issue was discussed at a
national workshop for the FARWH, where it was confirmed that site parity was not
important (while the workshop reports were not publicly released, the NWC can be
contacted for the information gained). For each indicator within each theme an
analysis of power is required to determine sampling requirements (see Storer et al.
(in press b)). From trials conducted for the SWWA-FARWH, significant differences
were found not only between the various indicators, but also between SWMAs. In
summary, a minimum level of samples has been prescribed for each component of
the SWWA-FARWH, after which a certain level of error is accepted.

The issue of the number of samples required for each indicator has to be considered
in terms of efficiency; that is, it is often logistically favourable to complete the entire
sampling suite at each site (maintaining site parity).

The FARWH guidelines (NWC 2007a) suggest a minimum standard for the number
of reaches per SWMA of 5%. The Victorian ISC uses 25%. To some degree this
goes against the theory of required power, however it highlights the requirement to
consider sampling efficiencies, and also recognises the importance of collecting
complex information at each site to maximise the ability to interpret for a range of
management scales. The following figure shows the percentage of coverage for
SWMAs assessed in the SWWA-FARWH trials.
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Table 19 The proportion (%) of reaches sampled in each SWMA assessed during
SWWA-FARWH trials

swwa  Toalno.of Noofvald iy e  reaches  Ofreaches
reaches sampled sampled
Albany Coast 154 86 9 27 24 25
Denmark River 21 11 0 10 10 91
Shannon River 12 11 0 7 7 64
Busselton Coast 18 12 0 11 11 92
Preston River 3 3 0 3 3 100
Collie River 22 20 0 17 11 55
Harvey River 18 13 1 11 11 79
Moore-Hill Rivers 94 59 9 21 16 24
Total 342 215 19 107 93 40"

* average

The number of reaches sampled within the SWWA-FARWH trials exceeds
expectations based on standards employed within other programs (e.g. ISC) and
recommendations from the FARWH.

The final issue for missing data is the level of information required to interpret health.
The FARWH documents suggest that data need to be available for three of the six
indices to allow an overall assessment to be made (NWC 2007a). An objective of this
work was to examine whether this was appropriate for Western Australia, or if some
themes/indices were more critical to an accurate assessment than others.

In conclusion, there is not enough information to be confident of the residual variation
remaining when removing different themes. However, based on current results and
the general understanding of ecology, we can say the Catchment Disturbance index
is critical because it differentiates the broad pressures influencing the environment,
and the Fringing Zone index is important because it provides information on the
buffering capacity of rivers to withstand land use pressures (the effect of
management — e.g. agriculture impacts in areas with protected river corridors versus
no protection). Finally, the Aquatic Biota index is critical because this is the primary
indicator of system health and has the potential to respond to impacts not highlighted
remotely (with the Catchment Disturbance and Fringing Zone indices). The
effectiveness of the Hydrological Change index is unknown and requires more work
in terms of including allocation and farm dams, however there is likely to be a strong
link with the Catchment Disturbance index. In saying this, hydrology data are critical
for management of a system as they can be a good indicator to gauge environmental
flows. Physical Form appears strongly correlated with the Catchment Disturbance
and Fringing Zone indices (combined), and would likely only leave a small residual
variation in describing river health. Water quality is important for interpretation of the
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Aquatic Biota index, and is also linked with the Catchment Disturbance and Fringing
Zone indices. The use of spot measurements for most indicators carries a low
confidence in terms of validity in scoring at a SWMA scale (except for salinity).
However, it is assumed that most health issues highlighted by water quality data
would either be detected in biota or be related to the Catchment Disturbance and
Fringing Zone indices.

6.3 Alignment with other programs

Alignment of techniques between the SWWA-FARWH and other FARWH programs
is inherent in the adoption of guidelines outlined in the FARWH documents (NWC
2007b). As such, indicator selection, data handling and analysis, and scoring
protocols were standardised where possible and appropriate - in theory resulting in
national comparability. Whether final scores are comparable is largely a function of
decisions made around weighting for integration, and to some degree this level of
alignment is the responsibility of the national technical steering committee, which has
been established to synthesise the results of the state FARWH programs.

Alignment was promoted through a series of workshops convened by NWC to
discuss key topics for evaluating the FARWH (representatives from all FARWH
programs along with state experts attended). Three topics were covered: data
analysis and reporting, sampling design and applying the referential approach. While
the workshop reports were not publicly released, the NWC can be contacted for the
information gained in these sessions. See Section 7.1 for a list of these workshops.

This alignment process is particularly important in Western Australia because two
distinct FARWH programs are being developed within the state: one for SWWA (this
project) and one for tropical northern Australia. Alignment is being supported by
establishment of an online forum (CSS 2010) and collaboration within training
components being developed by eWater for both projects (CSS 2010). Further,
cross-representation exists between the SWWA-FARWH and the wet-dry tropics
FARWH steering committees (incorporating northern Western Australia).

Note: at inception meetings involving all FARWH programs from around Australia a
commitment to interstate and cross-jurisdictional cooperation was made.

A number of river health programs exist within Australia, including the ISC, TRCI,
EHMP and SRA. Alignment of the FARWH to these programs, along with other
programs identified by the NLWRA, the most recent State of the environment report
and the AWR 2005 (e.g. CFEV, NNRMMG&EF) is particularly important both for
comparability and to optimise efficiency in generating FARWH scores without
additional data collection. The SWWA-FARWH was developed via review of these
programs and input by associated representatives.

Alignment of the SWWA-FARWH with the other programs around Australia has been
achieved in a number of ways. Firstly, the methods and indicators used by these
programs were reviewed in developing appropriate techniques for testing, and
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secondly, the steering committees for the SWWA-FARWH and national FARWH
programs included representatives from each of the programs listed above.

A summary of how the SWWA-FARWH and other Australian river health programs
align (including other FARWH trials and existing state programs) has been provided
in Table 20. This table examines the various indicators used by each program within
the broad ecological themes prescribed by the FARWH. This shows that regional
FARWH programs are closely aligned and hence, that a high level of comparability is
expected. There are some differences in regard to alignment with state programs,
which is expected given that program design is led by various management
objectives and system-specific conditions. However, given all programs are following
the same fundamental approach, the basis for a FARWH-style assessment is
supported.
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Table 20

Alignment of indicators across river health programs within Australia, including regional FARWH programs

FARWH CFEV TRCI ISC SRA SEAP EHMP FARWH
(south west WA) (TAS) (TAS) (VIC) (Murray Darling Basin) (Central (SE QLD) (tropical AUS)
bioprovince,
QLD)
Physical Longitudinal n/a Bed material Fish barriers n/a Bank stability Habitat heterogeneity Bank stability
form connectivity Erosion Large wood Substrate Presence of large woody debris Connectivity
Artificial channel Bank stability heterogeneity Bank stability
Erosion
Fringing Extent of fringing Vegetation Context ~ Streamside Zone Width n/a Pest plant n/a Spatial integtrity
zone S Extent of vegetation * Large trees species in Nativeness
Organic litter * Understorey riparian zone Structural integrity
Nativeness Logs Age structure
Weeds (high threat) Lifeforms Debris
Recruitment * Recruitment
Canopy cover * Longitudinal
No. species
Cover Continuinty
Longitudinal continuity * Tree canopy
Large trees « Litter
Patch size (GIS) * Logs
Neighbourhood (GIS) * Weeds
Distance to core area
(GIS)
Water Total nitrogen Nutrients n/a Total phosphorus n/a Turbidity pH EC
Quality Total phosphorus Turbidity Conductivity pH
Turbidity Electrical Diel (24hr) range and maximum DO
Salinity Conductivity temperature Turbidity
Diel dissolved pH Diel range and minimum FRP
oxygen and stream dissolved oxygen TP
metabolism Ratio of 15N to 14N stable Nitrate
Diel temperature isotopes TN
Ratio of 13C to 12C stable
isotopes
Respiration (R24)
Gross Primary Production (GPP)
Catchment Infrastructure Land use n/a n/a n/a Land use Land-use Landuse
disturbance Land cover change Infrastructure Fire
Land-use Land cover change
FSR Hydrological Mean annual flow FSR Median annual flow QQM n/a FSR
Hydrological | Including: regime Flow duration Mean annual flow modelled no
disturbance Stream order Variation Amended APFD flow spells
High flow Fluvial Seasonal amplitude Seasonal period
Low flow geomorphology Seasonal period Seasonal amplitude
Proportion of zero High flow Yearly variation
flow High flow spells Low flow event number
Monthly variation Low flow Low Flow Event duration
Seasonal period Low flow spells Zero flow days difference
Proportion of zero flows 1:2 yr ARI Flood Event Number
Overbank flow 1:5 yr ARI Flood Event Number
Overbank spells 1:10 yr ARI Flood Event Number
Aquatic Fish and Crayfish Fish and crayfish Macroinvertebrates Macroinvertebrates  Fish Macroinverteb Fish Macroinvertebrates
Biota Macroinvertebrates | Macroinvertebrates  Algae Macroinvertebrates rates Macroinvertebrates Fish
Macrophytes Fish Aquatic weeds
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One particularly important and critical outcome from the FARWH trials has been the
establishment of a national river health network (linking all the above programs
together in one form or another). This network has resulted in rapid development of
methods, through optimising knowledge sharing and providing a forum for
discussion.

This network, along with the national reporting mechanism (discussed later), should
be a priority to maintain momentum in river health assessment in Australia.
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/7 Outcomes of the FARWH trials

The SWWA-FARWH trials have produced a number of important outcomes relating
to general assessment methods, knowledge of systems, resource condition and
capacity building.

These outcomes have been communicated through a variety of mediums, including
workshops (regional, state and national level), online resources (Department of
Water and NWC websites), conferences (a number of state and three national
conferences, including two ASL conferences and the River Symposium), and through
published reports on all aspects of the SWWA-FARWH program, including data
collected, analysis and interpretation methods, and levels of data confidence.

All reports have or will be published through the Department of Water
<www.water.wa.gov.au>, National Water Commission <www.nwc.gov.au> and
Australian Water Resources <www.water.gov.au>. This includes mapping outputs of
reach and SWMA scores from the 2008 and 2009 SWWA-FARWH trials.

Outcomes of the FARWH trials are described in detail below.
7.1 Capacity building and training

Capacity building and training have been essential parts of this project to support
future implementation of the FARWH. This was particularly important for SWWA
given that ecological assessments of river health had not previously been conducted
at the state level: not only was there a need to develop sufficient capacity within
SWWA, but confidence among resource managers in relation to the program’s
benefits also needed to be fostered.

This objective was met on a number of levels: through high-level training of core
project staff, meetings (internal and inter-agency), workshops (regional, state and
national), conferences (local and national), publications (including posters, reports
and online information), development of training materials, collaboration within and
across agencies with field work and data analysis, communication with landholders
and training days for regional staff. These areas are expanded below:

Meetings (internal and inter-agency)

¢ Active consultation has taken place within the Department of Water to ensure the
outcomes of the FARWH will have a broad application across the department,
hence improving its uptake. To date, SWWA-FARWH progress and developments
have been reported to the department through meetings of the:

— Drainage and Waterways Branch
— Allocation and Planning Branch
— Environmental Water Planning Branch

— Water Science Branch.
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o SWWA-FARWH project officers have also met with representatives of local
natural resource management (NRM) groups, community groups, Aboriginal
corporations, the Department of Environment and Conservation (DEC) and the
Water Corporation.

Through this process, development of the SWWA-FARWH methods has been
aligned with agency requirements. Further, a number of the techniques developed
are being reviewed for updating regional monitoring requirements, including
implementation of ecological assessments into allocation plans for two systems
(discussed later).

At a water resource management level, the SWWA-FARWH has and will continue to
improve the efficiency of river health assessment and monitoring in SWWA.

Workshops (regional, state and national)

e Workshops were held in each of the regions where FARWH trials were
undertaken. These served as a knowledge-sharing exercise (in determining
appropriate sampling methods and site selection for different regions) and to
advise relevant stakeholders about the project, including its aims and objectives,
methods being used and final products to be delivered. Presentations on the
FARWH and its development in Western Australia were conducted at a number of
separate workshops for environmental managers throughout the state.

e Workshops conducted include:

— Three national FARWH workshops evaluating different aspects of the
FARWH program (these workshops were run in conjunction with other states
trialling the FARWH)

» sampling design workshop — facilitated by Wayne Robinson
(University of the Sunshine Coast) — CSIRO Long Pocket
Laboratories, Indooroopilly, Queensland, 27 November 2008

= data analysis and reporting workshop — facilitated by Wayne
Robinson (University of the Sunshine Coast) — Department of
Water, Perth, 26 February 2009

= referential approach workshop — Marque Hotel, Canberra, 15
September 2009.

— Mid-West region workshop: Geraldton (Department of Water staff from
Moore-Hill, Greenough and Murchison regions, along with local NRMs and
government agencies).

— South-West region workshop 1: Bunbury (Department of Water staff from
Collie and Brunswick regions, along with local NRMs and government
agencies).

— South-Coast region workshop 1: Albany (Department of Water staff from
Albany region, along with local NRMs and government agencies).
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— South-Coast workshop 2: (Department of Water staff from Shannon and
Denmark regions, along with local NRMs and government agencies).

— Kwinana-Peel and South-West region workshop (Department of Water staff
from Harvey, Busselton Coast and Preston regions, along with local NRMs
and government agencies).

— River Rats workshop (Geraldton): annual workshop of environmental
managers (various agencies) and community groups. Discussion of
principles and practices of maintaining environmental health.

— Waterways workshop (Perth): annual workshop of Department of Water staff
within waterways health assessment areas from throughout Western
Australia. Discussions on policy and management priorities for waterway
health.

— Northam workshop (Northam): workshop with regional Department of Water
staff on applying river health assessment (SWIRC) to the Avon River.

Conferences

Australian Society of Limnology 2008 (Mandurah), conference poster and
presentation.

Australian Society of Limnology 2009 (Alice Springs), conference poster and
FARWH session presentation.

River Symposium 2010 (Perth) — presentation.
Australian Society of Limnology 2010 (Thredbo), presentation.

Publications

Posters: two ASL posters (2008 and 2009), two promotional posters for use in
Department of Water meetings and workshops.

Reports: inception report (van Looij & Storer 2009a; 2009b), trials report (van
Looij et al. 2009), final report (Storer et al. (in press a) and technical report (Storer
et al. (in press b). Discussion reports (from each trial and Perth FARWH
workshop) in trials report.

Online information, Department of Water website <www.water.wa.gov.au>.

Two-page summary flier — provided to all relevant regional staff, community
groups, inter-agency staff, and landholders.

Report cards and associated methodology overview; in preparation.

SWWA-FARWH methods (separate guide for field sampling techniques and
desktop analysis) — in preparation.

Development of training materials

An important component of the project is the development of training and
implementation products and tools for the assessment of river health and the
application of FARWH in SWWA. This is being done at a national level in
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conjunction with the wet-dry tropics FARWH trials to ensure the products are
compatible and to help unify the projects, enhancing the FARWH'’s applicability as
a national approach. Training materials are being developed by eWater and will
be prepared in conjunction with this report. See Appendix C for the Draft FARWH
training and result publication website delivery report.

Fundamental training materials (including field sheets) have been prepared for
training staff. Training days have been held throughout the project for various
personnel (discussed below).

A three-day training session was conducted for staff in the Department of Water’s
Avon Region on FARWH field and scoring methods. This training session was
unique as it focused on applying the FARWH to river pools, which was not
undertaken during the SWWA-FARWH trials. Avon staff have borrowed a full set
of FARWH field equipment (e.g. trailer, boat and water quality loggers) and will
conduct further FARWH-style assessments in the coming months. Further training
days will be conducted as needed to build capacity for the regions to implement
FARWH methods.

A training day was also conducted for all staff of the Department of Water’'s Water
Science Branch (approximately 40 people). This was designed to update all staff
on the techniques developed through the FARWH trials to better align future work.

Collaboration within and across agencies (field work and data analysis)

Numerous staff from a range of areas within the department, outside of the Water
Science Branch’s core project team, have been involved in sampling. This
includes regional and head office staff — including field officers, environmental
scientists, data management officers and managers. This was done to enhance
understanding and appreciation of the project and its usefulness across a wide
range of water resource management applications. This has increased the
capacity of regions to undertake FARWH-style assessments in future. At least
one member of non-core staff was involved in almost all field activities.

Communication with landholders and stakeholders

Throughout the FARWH trials 117 sites were assessed, and many more visited.
Many of these sites were on private land or land governed by other agencies.
Through field communications, awareness of the FARWH project was significantly
expanded. This included, as previously discussed, the distribution of project
information fliers to all stakeholders. In many cases, there were opportunities for
field activities to involve landholders, staff from the Water Corporation and DEC,
and representatives of local NRM and Aboriginal groups. This has increased
awareness and in some cases improved local management actions. For example,
fish data collected for the Gingin Brook (Moore-Hill Rivers SWMA) were used by
the Department of Water to assess fish passage on the barrier located near the
Gingin townsite.
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e Field data were also used to supplement existing data (as part of a desktop
assessment) of ecological values as part of two reports prepared to support the
Upper Collie water allocation plan (DoW 2009), which were the:

— River action plan for the Upper Collie catchment (Macgregor et al. 2010)

— Identification and mapping of groundwater-dependent ecosystems
associated with the Collie River (SKM 2010).

As mentioned under the publications dotpoint above, the Department of Water will
endeavour to develop materials for relevance at local scales. This will focus on
methods for data collection and analysis and templates for reporting river health, with
the goal to report relevant data at finer scales.

In addition to the areas covered below, capacity was also developed via establishing
resources. Through funding from the Raising National Water Standards program, two
trailers with all the required sampling equipment to conduct a complete river health
assessment were set up. This has further extended to the capacity to undertake
future assessments given the simple outcome of site identification and contacts
throughout each region. The Department of Water’s Avon region is already using one
trailer for ecological surveys. Results of these surveys will be added to datasets
developed through the FARWH trials.

Through these outputs (including the synthesised FARWH report, associated
communications and continued work in the area) the importance of delivering a
nationally based river and wetland health reporting framework has and will be
demonstrated to the Australian public.

7.2 River health assessment and monitoring

Outcomes of the SWWA-FARWH trials in terms of the status of river health
assessment in SWWA can be divided into four areas:

1 improvements to methods

2 increased awareness and acceptance

3 application of methods outside of the FARWH
4 guidance for future development.

These elements are discussed below.
Method improvements

The SWWA-FARWH trials have adapted, improved and developed new methods and
indicators for assessing the health of SWWA rivers through an extensive review of
the literature; guidance from existing local, national and international methods for
assessing river health; data collation from throughout SWWA and subsequent
analysis; and field validation.

Previously, river health assessment at a state or regional scale in SWWA was largely
based on water quality and quantity indicators — relating data to a general
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understanding of land use characteristics. The SWWA-FARWH has improved on this
by providing of a suite of indicators capable of quantifying and drawing comparisons
between aspects of the broader ecological elements of aquatic ecosystems
(Catchment Disturbance, Water Quality (new parameters), Physical Form, Fringing
Zone, Hydrological Change and Aquatic Biota).

The improvement to methods is not only critical for applications such as the FARWH,
but also greatly improves our ability to understand and interpret system health and
impacts at local management scales. The specific application of methods developed
through the SWWA-FARWH trials is discussed later.

Finally, the SWWA-FARWH project facilitated development of supporting data, which
in turn improved the overall capacity for river health assessment. For example, a fish
barriers dataset was created to highlight potential barriers to fish migration
throughout Western Australia (Storer & Norton in press, Norton & Storer in press).

Increased awareness around river health assessments

A significant outcome for water resource management in SWWA was communication
and engagement with a wide range of audiences. Through meetings, workshops and
collaborations, project development and results were able to be discussed —
showcasing the value, and increasing the support of, multi-parameter ecological
assessments. Ultimately, adoption of the techniques discussed in this report requires
support from the range of stakeholders involved in water resource management in
SWWA.

Specific aspects of this outcome have been discussed within Section 7.1: Capacity
building and training.

Application of methods outside of the FARWH

Many of the methods and indicators developed as part of the SWWA-FARWH trials
were shown to be sensitive at local scales. As such, a number of these methods
have been adopted for existing programs being conducted by the Department of
Water. Further, through communicating project results, the benefit of this type of
assessment for management has led to the request for similar assessments (or use
of specific indicators/methods) for a range of specific needs.

Examples of current projects using methods or indicators developed through the
SWWA-FARWH include:

e updating methods within the RHAS (the existing Perth-based program)

e adapting the SWWA-FARWH suite for health assessment of river pools along the
Avon River — pre- and post-assessment relating to removal of sediment (NRM
funded program)

e use of the general health assessment, with a specific focus on fish indicators, for
assessing the Kent Street Weir (Canning River, Perth) as a potential fish barrier
(Department of Water and Swan River Trust program)
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e assessment of Aquatic Biota index (fish/crayfish and macroinvertebrates) at
several sites along the Canning River (Perth) to elucidate the effects of releasing
water to maintain environmental flows (Department of Water funded program)

e assessing the fringing zone vegetation in the Murray River SWMA to determine if
remnant vegetation possesses some degree of ecological value

e use of the indicator suite to form the basis for integrated assessment of aquatic
ecosystems as part of trials for the High Conservation Value Aquatic Ecosystem
project: work being conducted on the Walpole-Nornalup system (Department of
Environment, Water, Heritage and Arts funded program)

e potential: ecological data available to determine river typologies in SWWA and
potential trial of the application of the Australian National Aquatic Ecosystem
(ANAE) classification framework

e general: use of methods and indicators to evaluate Department of Water
remediation/rehabilitation activities throughout the SWWA (development of ‘living
streams’, riffle restoration, healthy waterways program, bank restorations,
assessment of fish barriers) — potential ongoing application

e general: use of ecological indicators in Department of Water’s water allocation
plans (and associated licence requirements); for example, the requirement for
ecological assessment is being incorporated in the Gingin Brook (Moore-Hill
Rivers SWMA) allocation plan, where SWWA-FARWH indicators will be used to
determine environmental flow requirements

e development of an Index of River Condition for SWWA (discussed below).
Guidance for future development

As discussed in this report’s recommendations, one of the more useful outcomes of
the SWWA-FARWH trials has been identification of knowledge gaps for conducting
river health assessments. There is now a good approach to improving water resource
management in SWWA following a prioritised list of requirements against each
science area.

Finally, the Department of Water has begun development of the SWIRC (South-West
Index of River Condition), which will provide a suite of indicators for a range of river
health assessments at various scales/purposes. The SWIRC will include
recommended indicator sub-sets tailored to specific management needs, from small-
scale assessments (e.g. determining impact of fish barriers or effects of river
restoration) to broad assessments (e.g. state-based river health programs and any
ongoing national reporting requirements). Using standard methods across a broad
range of programs will maximise comparability for all users. The SWIRC is founded
by indicators developed within the SWWA-FARWH trials, with inclusion of indicators
for finer-scale assessment — developed or adapted from existing programs.
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7.3 Resource condition knowledge

The knowledge of water resources in SWWA has been significantly improved through
the SWWA-FARWH project, particularly within the areas assessed in field trials.

Before the FARWH trials, knowledge at a state-wide scale was limited spatially. What
was known was primarily restricted to water quality and quantity information (outside
of a number of localised ad-hoc assessments). The FARWH trials collected a
complete ecological profile of 117 sites, with each site assessed over two days. This
dataset is spatially robust, for the SWMAs assessed, and directly comparable
between SWMAs (a weakness of previous assessments for broadscale reporting,
given varying methods, project objectives and scales). Further, the SWWA-FARWH
trials collected information in many areas not previously assessed for river health.
Data from 20 RHAS sites was also collected and added to the FARWH database.

Note: information collected was significantly more extensive than has been reported
to this point, as a broad range of supplementary data was collected (refer to field
sheets provided in Appendix B).

The SWWA-FARWH trials have provided health scores for each indicator at a reach
level (in theme reviews) and overall SWMA scores for each theme/indicator (see
Section 6.1, Performance of the FARWH). For the first time, at this scale,
assessments included an analysis of the interplay between pressure, stressor and
response.

The trials have also resulted in the generation of data (compiled, collated, created)
that can be used to assess health outside of areas directly targeted by the trials, and
will be a valuable resource in the future. A list of these datasets along with access
information is provided in Table 22, which also includes existing datasets used or
reviewed within the scope of the SWWA-FARWH project.

Resource condition knowledge has been directly improved through the reported
health assessments and generation of environmental datasets applicable across the
entire region. To complete knowledge of resource condition in SWWA, the remaining
SWMAs (those not sampled in the SWWA-FARWH trials) require assessment to
ensure natural and anthropogenic variability is understood, while the
sampling/analysis/scoring method requires associated validation and subsequent
improvement.

The associated understanding of how SWWA systems behave is discussed in the
following section.

7.4 Scientific knowledge of systems and methods

Scientific knowledge of SWWA systems has been greatly improved through the
SWWA-FARWH trials, however this is still in its infancy given significant gaps in
knowledge in terms of reference condition and thus our ability to comprehend and
quantify departure from reference. Further, because this was only a snapshot of
environmental health and condition, natural variability is poorly understood and, as
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such, there is a varied (indicator dependent) degree of uncertainty with reported
assessments.

Scientific knowledge is only improved through understanding cause and effect, and
given data limitations it is, in reality, only possible to elucidate the associated
interactions for SWWA systems. The ability to interpret responses of SWWA systems
to stressors and pressures has been greatly improved through both the compilation
of environmental data across SWWA and collection of consistent information across
the eight SWMAs assessed. For instance, interaction can now be studied between
broad ecological aspects, such as hydrology and ecology, and between more specific
questions, such as biotic response to various land use activities within different
climatic regions or with varying levels of fringing vegetation health. The improved
interpretive power (due to comparability of data) has both identified apparent links
and also highlighted factors having little influence on health (e.g. the secondary water
quality indicators described).

The knowledge of SWWA systems, in terms of responses of form and function to
various catchment pressures or in-stream stressors, has been presented. However,
given the limitations previously discussed (spatial coverage and uncertainty around
degree of variability), it is not considered appropriate to further interrogate
information at this stage. This will be the primary aim for the next stage of work in this
area, which will target the establishment of environmental thresholds and associated
prioritisation of management.

Note: multivariate analysis of environmental data collected through the SWWA-
FARWH is ongoing and will continue to elucidate system responses to environmental
impacts — improving rigour and thus adding confidence to the scientific knowledge.

In terms of methods, scientific knowledge has been improved through the use of
sensitivity and power analysis, in that a robust suite of indicators with associated
methods for sampling, analysis and scoring have been tested.

As mentioned in previous sections, one of the most critical outcomes for river health
assessment in SWWA has been the identification of knowledge gaps — in data as
well as scientific knowledge (understanding of system variability). Targeting these will
greatly improve the efficiency of future work (prioritised research and monitoring) and
result in a rapid increase in knowledge of system function. For example, one
immediate priority, which has been greatly overlooked in the past, is the need to
understand species tolerance levels across a range of conditions to determine
appropriate indicators and set thresholds for management. Understanding general
species biology would also enable determination of expected and required habitat
(general and reproductive), and determination of species-specific barriers to
migration (based on swimming capabilities).

Summary

The SWWA-FARWH program and associated development of the SWIRC have
greatly improved the capacity of resource managers in SWWA. They are now in a
better position to provide:
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e an understanding of the nature of SWWA river systems

¢ information about the condition of SWWA river systems

e a baseline or reference condition from which changes can be monitored
e an assessment tool for evaluating NRM activities

e monitoring impacts of human activity

e prioritisation for investment based on the above

e strategic direction for future management.

However, building on the advances made through the SWWA-FARWH trials will
require significant investment into the future to ensure the momentum is not lost and
the capacity to conduct assessments is maintained.
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8 Synthesis of key findings and
recommendations

Although many uncertainties with the SWWA-FARWH exist at a fine scale (coarse
resolution, gaps in information, lack of historical knowledge — all resulting in over-use
of expert opinion), these appear to result in a relatively low level of residual variation
at the SWMA scale. When viewed at the scale intended, the SWWA-FARWH
appears to provide a good representation of the major pressures, stress levels and
general condition of the resource (represented by response indicators) of south-west
systems.

Prioritisation of broad-level management requirements is significantly improved by
using the results of the SWWA-FARWH trials, while attention to the knowledge gaps
identified in the project will provide benefits into the future (see recommendations).
Further development will increase the relevance of river health assessments for local
management.

Specific discussion of findings from the SWWA-FARWH trials is provided in Section
6.1: Performance of the FARWH. This section responds to a number of key
questions that NWC has posed in relation to the applicability of the FARWH
approach, these being:

¢ relevance of FARWH in meeting state-level requirements for monitoring and
assessment

e assessment of whether one river-health approach can be used to provide both
state and national needs

e presentation of a picture of water management and its relationship to river
health for each trial region.

Responses are provided below.

Relevance in meeting state-level requirements for monitoring and assessment

Alignment of the SWWA-FARWH with existing state-level river health programs, and
thus meeting state requirements, is not a question easily answered for SWWA given
no existing programs are available for comparison. As such, monitoring and
assessment capability is exceeded by development of the SWWA-FARWH.

State-level requirements for monitoring and assessment from a Department of Water
perspective include the ability to gauge impacts from water use, and thus support
allocation and licensing processes. The SWWA-FARWH provides the opportunity to
greatly improve this aspect of water resource protection, by being able to compare
hydrological health indicators against both pressures and responses.

One of the most important attributes of FARWH-style assessments is consistency in
data collection and scoring — providing the ability to explore cause and effect, and
maximise comparability across regions. The high-level of comparability of FARWH
results is a function of standardisation of the key underpinning rules, such as range-
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standardised and linear scoring. One of the greatest weaknesses in ecological
monitoring activities in SWWA is a history of ad-hoc assessments, making
interpretation of results across programs extremely challenging and attracting a high
degree of uncertainty. Ongoing attention to standardisation of methods for monitoring
is essential for management of SWWA systems, however this will require careful
planning by water resource managers.

The SWWA-FARWH has provided a number of new techniques for assessment of
aquatic systems, as well as improvements to existing methods through results from
sensitivity analyses.

Assess whether one river health approach can be used to provide both state and
national needs

Due to scale issues the current FARWH protocol for SWWA cannot completely meet
both needs. For instance, assessment of vegetation extent (width and length) is not
sensitive enough to assess/prioritise at state level. This is not so much a limitation of
the FARWH, as all available data with reasonable spatial coverage and confidence
are used in the reported assessments. The limitation lies with an inability to currently
assess water resources at a state level.

That is, available data have a reasonable resolution and spatial coverage for
application at a national level, but at finer scales any assessments would have
insufficient quality. Obviously this refers to assessing river health from an ecological
standpoint. Assessments are still possible for different objectives.

In future, as more data become available, a FARWH-style assessment can be
adapted to be useful for a national-level assessment, while still being relevant locally.

Present a picture of water management and its relationship to river health for
each trial region

The SWWA-FARWH has identified broad water management issues in SWWA, with
often varied conditions operating in the different SWMAs, due to different pressures
operating under different natural conditions (e.g. climate). For example, Albany Coast
SWMA is characterised by a significant rainfall gradient from east to west, with
eastern systems becoming increasingly seasonal. The most significant pressure in
this SWMA is cropping and extensive agriculture. This has resulted in serious
environmental stress due to salinity and habitat destruction, especially in the eastern
half of the SWMA. This situation appears exacerbated in areas where rainfall is most
limited. Water management in this area requires significant effort in re-establishing
streamside protection zones and attention to the wider catchment salinisation
problems. However, this is a significant challenge given the extent of problems and
will not be easily remedied. In the short term, many of the smaller coastal systems,
including those representing the range of the rare and endangered trout minnow
(Galaxias truttaceus) should be protected.

A review of management issues identified through river health assessments will be
discussed in detail in report cards produced subsequent to this report.
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One reassuring observation is that where stream management is in place, even amid
otherwise degraded sections of river, overall river health scores appear to reflect
improvement in condition. Given the scale of reporting here, most of this
differentiation is lost. It does indicate, however, that the FARWH/SWIRC is applicable
at the finer scale, which is important for local management.

8.1

Recommendations

Recommendations of the SWWA-FARWH project to address the various identified
challenges and knowledge gaps are provided in the table below. Note:
recommendations are listed in decreasing scale: from general and overarching
comments through to specific site or indicator requirements. These are not meant to
reflect a priority scale (see Section 9 for priority recommendations).

Table 21 Knowledge gaps, challenges and recommendations from the SWWA-
FARWH project

Category

Knowledge gap and challenges

Recommendation

Increasing applicability of
FARWH to SWWA
conditions

Current assessment protocol not
designed for dry systems (seasonal,
ephemeral).

Current assessment protocol not
designed for river pools (no flow).

Design a protocol for dry
systems (at time of
sampling).

Design a protocol for river
pools (no flow).

Increasing applicability of
FARWH in Western
Australia

Current assessment protocol not
designed for Rangelands (e.g. mid-west)
[outside of wet-dry tropics scope].

Design a protocol for
Rangelands (outside of
SWWA and wet-dry tropics
study areas).

Spatial limitations

SWMAs not assessed during trials; thus
natural variability cannot be confirmed,
especially for Aquatic Biota and other
indicators requiring field assessment.

Assess remaining nine
SWMAs in SWWA — define
health scores and use data
to inform reference
condition.

Temporal limitations

Availability of temporal replicated data:
difficult to determine temporal variability
and thus inform both reference and
current condition.

Temporal monitoring and
increase in frequency of
data used for GIS-based
assessments (e.g. land use
mapping), where required
(potential to develop trend
indicators).

New datasets to improve
ability to perform health
assessment

Modelled data (to overcome bias with
field monitoring for some data).

Ability to assess health remotely due to
lack of appropriate data (e.g. coarse-
scale data, insufficient coverage of study
area, lack of currency).

Investigate and assess
models needed and
associated datasets
required for these (e.g.
SedNet input datasets such
as gully erosion need to be
remapped).

Trial technologies such as
LIDAR (e.g. for aquatic

habitat — large wood, and
understorey assessment).
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Category

Knowledge gap and challenges

Recommendation

Reach dataset

Some current reaches do not represent
homogeneous environment (cross
distinct natural strata shown to change
form/function/behaviour).

Reaches do not line up with river line.
Reduces accuracy of many indicators
which use conditions along river lines to
assess health.

Redefine reaches based on
topographic conditions (e.g.
finer DEM) relevant to
scales occurring in SWWA.
Examine use of strata
(such as geology and
natural vegetation zones) to
separate reaches.

Redefine reaches using a
fine-scale DEM and
incorporate techniques to
ensure reaches align with
mapped watercourses.

Site/reach selection

Sites/reaches currently chosen based on
representativeness; random selection
required to prevent bias.

Use random allocation of
sites in future assessments
(a network of ‘known sites’
would need to be
established via extensive
ground-truthing).

Scale Reporting and prioritisation is currently Generation of higher-
relevant at the SWMA scale, however the resolution data for sites and
results are less representative at the reaches to make
reach or site. assessments sensitive at

these finer scales.

River Difficulty in tailoring scoring protocols Conduct assessment of

typology/regionalisation

based on river function (regionalisation)
as there is limited knowledge of
boundaries of river types/styles.

typology (e.g. implement
ANAE framework). This
includes differentiating
upland/lowland
characteristics and
development of conceptual
models. This will inform
reference condition for
areas without historical
data.

Improvement of river health
assessment protocol

Lack of comparability due to spatial
limitations in data and inconsistency in
associated methods (existing data).

Complete assessments on
all SWWA systems.
Validate existing and trial
new indicators based on
the more complete dataset.

Aquatic Biota theme

Paucity of information on species
tolerances (to define impact thresholds,
habitat requirements and determine
species-specific impact of elements such
as barriers to migration).

Reference distributions

Assessment of species
dynamics across a wider
range of systems. Includes
understanding of general
biology and reproductive
requirements. Targeted
ecotoxicological studies to
determine tolerance levels
(to assign indicator
thresholds).

Complete assessment of
rivers in SWWA to
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Category

Knowledge gap and challenges

Recommendation

Understanding the impact of exotics
(species specific).

Understanding catchability of species to
improve ‘expected’ metric.

Reference condition for
macroinvertebrates (existing AUSRIVAS
model limited by reference sites —
significant residual variation).

Reference condition for fish.

New indicators recommended for testing.

elucidate expected natural
ranges (in conjunction with
tolerances studies above).

Complete literature review
and assess impacts in
SWWA systems. Develop
weightings against certain
species based on
ecological impact and time
in systems (e.g. established
exotic species such as
trout, where stable states
have now been reached,
may be of lesser concern
than newly introduced
species).

More data required,
including new systems, to
determine the percentage
chance of catching each
species. Incorporate
chance of capture in
expectations component of
O/E scoring protocol.

Conduct sampling to
increase reference data
and improve model for
SWWA systems.

Sampling across wider
range of areas required to
inform expectations of
species distributions
(limited historical data
available).

Assess validity of using
aquatic weeds,
macrophytes, water-
dependant terrestrial fauna,
turtles and frogs to
represent stream health.

Hydrology

Account for the effect of farm dams.

Trial CHEAT model to
determine the differences in
flow caused by the
presence of farm dams
within the catchment.

Alternatively an additional
index relating to farm dam
density and farm dam
development can be
created.

Both would require more
detailed farm dam mapping
then currently exists.
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Category

Knowledge gap and challenges

Recommendation

Effect of allocation on FSR.

Quantify water extraction
(Department of Water) data
and incorporate into FSR.

Water Quality

Natural variability of water quality
parameters (system-specific) poorly
understood.

New indicators recommended for testing.

Threshold values assigned for most
water quality parameters based on expert
opinion or data from outside of Western
Australia.

Trial equipment that can log
water quality data for a
wider range of parameters
over a longer time period
than what was trialled in the
SWWA-FARWH - conduct
power analysis to
determine required
assessment to provide
indicator of health.

Investigate scoring
protocols for these
additional parameters.

Stream metabolism (trial
new methods from those
assessed in report — e.g.
using light data).

Revise thresholds as more
data is collected, and
specifically targeted studies
on aquatic biota tolerance
(see Aquatic Biota index
recommendations).

Physical Form

Erosion indicator prone to human bias
(field assessed).

Lack of data on pre-European reference
condition for erosion sub-index.

Lack of data on pre-European reference
condition for coverage of tree and shrub
layers, used for the bank stabilisation
indicator.

Data source used for longitudinal
connectivity sub-index scores is at pre-
publication stage and requires extensive
verification.

Lack of knowledge about fish
characteristics to quantify impact of
potential barrier structure.

Lack of knowledge about occurrence of
modification of channels for
management, for calculation of artificial
channel indicator scores.

Expert panels to evaluate
scoring and assessment
methods.

Define reference condition
using geomorphic
benchmarks approach
adopted in TRCI.

Define pre-European
reference condition for
vegetation based on
literature review and expert
opinion.

Verify data (clean data
points and ground-truth
potential barriers) in Fish
Barriers database.

Conduct research into fish
migration patterns, lifecycle
and swim characteristics in
relation to potential barriers
in SWWA.

Gather information from
local management
agencies regarding
management activities (e.g.
dredging).
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Category

Knowledge gap and challenges

Recommendation

Fringing Zone

Datasets used to assess vegetation
extent limit sensitivity of the data.

Reaches are spatially mis-located
compared with mapped watercourses.

Lack of data on pre-European reference
condition for vegetation extent and
structural complexity.

Use of 50 m buffer as reference condition
may not be relevant to all rivers.

New datasets should be
assessed e.g. LIDAR (Light
Detection and Ranging
data) (which may also allow
assessment of understorey
complexity).

Redefine reaches using a
fine-scale DEM and
incorporate techniques to
ensure reaches are aligned
with mapped watercourses.

Define pre-European
reference condition for
vegetation based on
literature review and expert
opinion.

Investigate tailoring buffer
zones based on stream
width.

Catchment Disturbance

Lack of currency of land use data and
infrastructure for associated indicators.

Lack of spatial sensitivity in infrastructure
sub-index and land cover change sub-
index.

Map land use and
infrastructure at regular
temporal intervals.

Refine scoring protocols to
increase the differentiation
between disturbance levels
in catchments.

General recommendations

The communication network established through the national FARWH program was
critically important, especially for supporting states without long-term assessment
programs. This collaboration of states and program leaders at a national level
demonstrated significant efficiencies, whereby techniques were rapidly improved,
problems solved quickly, and consistency in methodologies was generally ensured —
thus maximising comparability. It is recommended this network be nurtured into the
future to maintain momentum and maximise development of river health assessment

in Australia.

An ongoing national river health network would be a valuable outcome of this
program; and an associated health reporting mechanism and discussion forum is

recommended.

Key recommendations for improving the SWWA-FARWH

Finalising the SWWA-FARWH requires assessment of the health of the remaining
SWMAs not targeted in current trials, including widening the scope of current
protocols to include non-flowing and dry systems. Inherent in this is the validation of
current indicators spatially (as above), but also temporally (capturing natural

variability).
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For national reporting, SWMA scores appear to broadly represent river health when
viewed at a theme scale. However, if a single score is required for each SWMA (to
meet national reporting requirements) then a precautionary approach is
recommended. That is, the lowest theme score for each SWMA is used to represent
overall health. If scores are reported nationally across all states, then the FARWH is
only endorsed on the proviso that SWMA definition is standardised across
jurisdictions. At present any comparisons would be biased.

For local reporting, interpretation of theme- and indicator-level information at reach
and SWMA scales will provide valuable information to inform state management of
water resources — and direct targeted works where required.
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9 Taking key recommendations forward
and next steps

9.1 A refined FARWH for undertaking a national
assessment

The FARWH is endorsed as an effective method for undertaking a national-level
assessment, and is only limited in SWWA by state deficiencies in underpinning data.
Specific refinements to the SWWA-FARWH protocol are discussed in the following
section.

Consistency and comparability between states is enabled through the core principles
of the FARWH (e.g. standard scoring protocols and reporting requirements).
Adherence to these principles, along with associated weighting, is largely the
responsibility of the national technical steering committee. As such, refining the
FARWH for undertaking a national assessment is a perceived outcome of this
committee.

9.2 Planned outline for further development,
implementation and adoption of the FARWH,
including costing

As discussed in the previous sections, the work conducted in the SWWA-FARWH
trials requires consolidation and collection of additional data to refine techniques (see
Section 8.1: Recommendations). For the FARWH to be effective as an ongoing
national-level river health assessment tool, the data quality and quantity has to be
maintained at a state level. For SWWA, continued monitoring of river health (using
FARWH methods) and acceptance of results presented nationally requires
endorsement by water resource managers. This endorsement and adoption requires
more work in linking health assessment to management, allowing prioritisation and
recommendations for system requirements to ameliorate identified impacts.

For SWWA, the development of FARWH methods and determination of management
thresholds will require initial support so their importance to the state is recognised,
and thus sustainable levels of funding provided. The vision is that river health
assessment outputs will be integrated into state water resource management policy,
ensuring monitoring and assessment techniques are standardised and therefore data
are sufficient for national river health assessments. Further, adoption will be greatly
improved by appropriate communication of methods and results (such as community
report cards).

Development, implementation and adoption of the FARWH requires:

e Completion of the baseline year (suggested 2008—-12) and assessment of
remaining SWMAs, capturing natural spatial variability and thus informing
reference condition and associated validation of scoring protocols.
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e Development of management thresholds for reaches/SWMAs (e.g. assigning
thresholds of potential concern and limits of acceptable change) based on river
health scores — proving the FARWH’s usability for local management and
relevance to Department of Water core business.

e Maintenance of existing river health networks.

Once the SWWA-FARWH has been validated for the entire region (from above), a
rolling river health assessment is suggested. This would be valuable for meeting
many of the state’s water resource protection requirements, and would therefore be
funded internally.

At this stage, delivery of this program can only be suggested, but would broadly
entail frequent assessments of key variables, particularly response indicators, and
less frequent assessment of others; for example, pressure indicators that change on
much longer time scales. Based on the current river health team’s capacity, response
indicators (and supplementary data) could be measured for the entire SWWA region
every two to three years (rotating through a sub-set of SWMAs annually). An annual
assessment could be facilitated with the use of regional officers. Indicators such as
hydrology and land use need only be assessed every five years or more (as shown in
Table 3) and can generally be done remotely.

A costing for both stages of the FARWH'’s development in SWWA (consolidation and
validation of SWWA-FARWH protocol, and the river health assessments required for
a complete assessment of state river health every three years) is provided below:

COSTING: Finalising the SWWA-FARWH protocol
Time required: Two years

Funding source: State and Commonwealth

Scope:

1 Complete development of protocol for flowing rivers, which requires
assessment of remaining SWWA SWMAs (those not assessed in current
trials) and validation and development of indicators.

2 Develop FARWH protocol for dry and non-flowing systems.
Salary and operating costs:

e Three full-time salaries and four part-time (0.25 FTE) regional staff (at specified
calling level 2) and $100 000/yr operating.

This includes all associated costs; for example, analysis of water quality,
identification of macroinvertebrates, travel and equipment maintenance. Note: all
required equipment has been sourced through the current FARWH program.

Total: $500 000/yr

This initial work is critical for SWWA river health assessment, and thus the ability for
ongoing national reporting. This work would not only consolidate methods, but allow
the incorporation of river health assessment into state-level policy. It is this last point
that will ensure sustainability. Simply put, river health assessment is nearing critical
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mass (due to the FARWH trials): once this is reached, which requires the local
management link, ongoing work should be supported by core state-level funding.

This final development period is a short-term requirement to ensure that existing
capacity and momentum is not lost, while also protecting the network that has been
developed as part of the FARWH program.

COSTING: Assessing river health for future national reporting
Funding source: State
Scope:

1 Assessment of river health across all SWMAs every three years (rolling
assessment). Note: could be done annually using regional staff.

Salary and operating costs:

e Three full-time salaries and four part-time (0.25 FTE) regional staff (at specified
calling level 2) and $100 000/yr operating.

This includes all associated costs; for example, analysis of water quality,
identification of invertebrates, travel and equipment maintenance. Note: all
required equipment has been sourced through the current FARWH program.

Total: $500 000/yr

Use of the FARWH for reporting river health nationally is in itself not a costly exercise
assuming the data are available to generate the indicators prescribed here. Based on
this, scoring and reporting would take a few weeks by two trained staff.

9.3 Concise step-by-step guide to undertaking the
FARWH for a national assessment

Guidance for undertaking the FARWH for a national assessment, in terms of the
SWWA component, is currently covered within this and the accompanying technical
report (Storer et al. in press b) (based on final indicator suite and background
information existing in theme summaries), the river health assessment field sheets
(Appendix B) and the trials report (van Looij et al. 2009a) which contains an overview
of most data collection/analysis methods required for the FARWH assessment. Note:
any altered methods from the trials report are covered in the technical report (Storer
et al. in press b).

A concise step-by-step guide, designed for use by regional Department of Water staff
and for future users of the FARWH, will be developed in line with preparation of
report cards by the department, following final reporting. In addition, all methods and
results will be developed into online training and implementation products and tools
by eWater. This is being carried out in conjunction with other jurisdictions where
FARWH trials are being conducted, in particular the wet-dry tropics FARWH team.

Note: any prescribed methods for conducting a FARWH assessment will have
associated caveats on data confidence and appropriate application.
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Appendices

Appendix A Complete final scores for SWWA-FARWH: indicators/themes for
reaches/SWMAs

Appendix B SWWA river health assessment field sheets
Appendix C Draft FARWH training and result publication website delivery report
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Appendix A Complete final scores for SWWA-FARWH:
indicators/themes for reaches/SWMAs

Note:

Some indicators have scores for all reaches, whereas others only have scores
for reaches that were sampled in the field. Where a score has not been
calculated, due to missing data and/or it being a field assessed indicator, the cell
has been left blank.

For indicators that are assessed at each site, where more than one site has been
sampled on each reach, all site scores have been shown (i.e. Water Quality
theme and Aquatic Biota theme).

For themes that use a combination of reach and site-assessed scores, only the
reach score is shown (i.e. Fringing Zone theme and Physical Form theme).

Reaches 6031138 and 6031540 were split into 60311381, 60311382 and
60315401 and 60315402. However, for the Hydrological Change index only the
full reach (i.e. 6031138 and 6031540) was scored.

See shortened forms for abbreviations.

Catchment Disturbance theme

Catchment Disturbance theme

Reach CDI ISI LUSI LCCsI

Albany Coast SWMA

6020938 0.9 1 0.9 1
6020965 0.5 1 0.5 1
6020973 0.5 1 0.5 1
6020981 0.5 1 0.5 1
6020991 1 1 1 1
6020995 0.5 1 0.5 1
6021000 0.5 1 0.5 1
6021001 0.6 1 0.6 1
6021003 0.5 1 0.5 1
6021004 0.5 1 0.5 1
6021008 0.5 1 0.5 1
6021009 0.5 1 0.5 1
6021010 0.5 1 0.5 1
6021012 0.8 1 0.8 1
6021013 0.7 1 0.7 1
6021021 0.5 1 0.5 1
6021024 1 1 1 1
6021025 1 1 1 1
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Catchment Disturbance theme

Reach CDI ISI LUSI LCCSI
6021026 0.5 1 0.5 1
6021027 0.5 1 0.5 1
6021028 1 1 1 1
6021034 0.6 1 0.6 1
6021035 0.5 1 0.5 1
6021036 1 1 1 1
6021037 1 1 1 1
6021038 0.5 1 0.5 1
6021042 0.5 1 0.5 1
6021043 0.5 1 0.5 1
6021048 0.5 1 0.5 1
6021052 0.5 1 0.5 1
6021053 0.6 1 0.6 1
6021058 0.6 1 0.6 1
6021062 0.7 1 0.7 1
6021063 0.5 1 0.5 1
6021065 0.5 1 0.5 1
6021066 0.5 1 0.5 1
6021069 0.7 1 0.7 1
6021073 0.5 1 0.5 1
6021076 0.8 1 0.8 1
6021097 0.5 1 0.5 1
6021098 0.9 1 0.9 1
6021099 1 1 1 1
6021100 0.7 1 0.7 1
6021108 0.5 1 0.5 1
6021110 0.8 1 0.8 1
6021111 0.5 1 0.5 1
6021115 0.8 1 0.8 1
6021117 0.6 1 0.6 1
6021123 0.8 1 0.8 1
6021128 0.4 1 0.6 0.8
6021136 0.5 1 0.6 0.9
6021137 0.5 1 0.6 0.9
6021143 0.8 1 0.8 1
6021146 0.5 1 0.6 0.9
6021147 0.5 1 0.5 1
6021149 0.8 1 0.8 1
6021497 0.7 1 0.7 1
6021501 0.5 1 0.5 1
6021515 0.5 1 0.5 1
6021518 0.6 1 0.6 1
6021526 0.4 1 0.5 0.9

144 Department of Water



Water Science Technical Series, report no. 39

Catchment Disturbance theme

Reach CDI ISI LUSI LCcCsI
6021531 0.5 1 0.5 1
6021534 0.6 1 0.7 0.9
6021536 0.5 1 0.6 0.9
6021715 1 1 1 1
6021717 0.5 1 0.5 1
6021727 0.5 1 0.5 1
6021842 0.6 1 0.6 1
6021928 0.5 1 0.5 1
6021929 1 1 1 1
6021933 0.5 1 0.5 1
6022002 0.5 1 0.5 1
6022004 0.5 1 0.5 1
6022005 0.6 1 0.6 1
6022110 0.5 1 0.5 1
6022158 0.5 1 0.5 1
6022199 0.7 1 0.7 1
6022280 0.5 1 0.5 1
6022282 0.7 1 0.7 1
6022301 0.5 1 0.5 1
6022319 0.5 1 0.5 1
6022322 0.6 1 0.6 1
6022340 0.7 1 0.7 1
6022350 0.7 1 0.7 1
6022352 0.7 1 0.7 1
6022450 0.6 1 0.6 1
6022560 0.5 1 0.5 1
6022566 0.5 1 0.5 1
6022594 0.6 1 0.6 1
6022603 0.7 1 0.7 1
6022611 1 1 1 1
6022615 1 1 1 1
6022623 1 1 1 1
6022697 0.5 1 0.5 1
6022702 0.5 1 0.5 1

Denmark River SWMA
6031121 0.9 1 0.9 1
6031122 0.8 1 0.8 1
6031131 0.6 1 0.6 1
6031132 0.8 1 0.8 1
6031138
6031142 0.9 1 0.9 1
6031150 0.6 1 0.6 1
6031152 0.6 1 0.6 1
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Catchment Disturbance theme

Reach CDI LUSI
6031540
60311381 0.6 0.6
60311382 0.8 0.8
60315401 0.9 0.9
60315402 0.8 0.8
Shannon River SWMA
6061118 0.9 0.9
6061119 0.9 0.9
6061120 0.9 0.9
6061124 0.9 0.9
6061125 0.9 0.9
6061126 0.9 0.9
6061129 1 1
6061133 0.9 0.9
6061139 1 1
6061140 1 1
6061535 0.9 0.9
Busselton Coast SWMA
6100902 0.6 0.6
6100929 0.7 0.7
6100931 0.6 0.6
6100933 0.7 0.7
6100936 0.5 0.5
6100939 0.8 0.8
6100946 0.6 0.6
6100948 0.8 0.8
6100956 0.7 0.7
6100967 0.5 0.5
6100978 0.6 0.6
6101002 0.8 0.8
Preston River SWMA
6110873 0.7 0.7
6110909 0.8 0.8
6110924 0.7 0.7
Collie River SWMA
6120802 0.7 0.7
6120819 0.9 0.9
6120825 0.8 0.8
6120826 0.9 0.9
6120836 0.9 0.9
6120842 0.9 0.9
6120869 0.8 0.8
6120880 0.8 0.8
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Catchment Disturbance theme

Reach CDI ISI LUSI LCCsSI
6120903 0.8 1 0.9 0.9
6120928 0.9 1 0.9 1
6121461 0.9 1 0.9 1
6121686 0.7 1 0.7 1
6121687 0.9 1 0.9 1
6121690 0.8 1 0.8 1
6122055 0.8 1 0.8 1
6122103 0.9 1 0.9 1
6122151 0.9 1 0.9 1
6122191 0.9 1 0.9 1
6122227 0.7 1 0.7 1
6130802 0.6 1 0.6 1

Harvey River SWMA
6130739 0.6 1 0.6 1
6130747 0.9 1 0.9 1
6130762 0.7 1 0.7 1
6130769 0.6 1 0.6 1
6130787 0.9 1 0.9 1
6131420 0.9 1 0.9 1
6131437 0.9 1 0.9 1
6131679 0.9 1 0.9 1
6131810 0.8 1 0.8 1
6131816 0.9 1 0.9 1
6131912 0.5 1 0.5 1
6131990 0.5 1 0.5 1
6132049 0.7 1 0.7 1
6132220 0.8 1 0.8 1

Moore-Hill Rivers SWMA
6170192 0.6 1 0.6 1
6170204 0.8 1 0.8 1
6170219 0.6 1 0.6 1
6170222 0.6 1 0.6 1
6170248 1 1 1 1
6170259 0.6 1 0.6 1
6170264 0.6 1 0.7 0.9
6170266 0.6 1 0.6 1
6170271 0.7 1 0.7 1
6170281 0.6 1 0.6 1
6170304 0.5 1 0.5 1
6170306 0.6 1 0.7 0.9
6170309 0.5 1 0.5 1
6170311 0.6 1 0.7 0.9
6170324 0.5 1 0.5 1
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Catchment Disturbance theme

Reach CDI ISI LUSI LCCSI
6170338 0.6 1 0.7 0.9
6170339 0.5 1 0.5 1
6170342 0.5 1 0.5 1
6170377 0.5 1 0.5 1
6170381 0.5 1 0.5 1
6170384 0.5 1 0.5 1
6170386 0.5 1 0.5 1
6170388 0.5 1 0.5 1
6170399 0.5 1 0.5 1
6170409 0.6 1 0.6 1
6170414 0.5 1 0.5 1
6170415 0.5 1 0.5 1
6170424 0.7 1 0.7 1
6170443 0.8 1 0.8 1
6170454 0.7 1 0.7 1
6170465 0.6 1 0.6 1
6170472 0.9 1 0.9 1
6170475 0.7 1 0.7 1
6171267 0.6 1 0.6 1
6171274 0.8 1 0.9 0.9
6171311 0.6 1 0.6 1
6171572 0.6 1 0.6 1
6171585 0.6 1 0.6 1
6171595 0.6 1 0.8 0.8
6171604 0.5 1 0.5 1
6171614 0.7 1 0.7 1
6171615 0.5 1 0.5 1
6171772 0.5 1 0.5 1
6171780 0.6 1 0.6 1
6171961 0.8 1 0.8 1
6171963 0.5 1 0.5 1
6171964 0.9 1 1 0.9
6171966 1 1 1 1
6172023 0.9 1 0.9 1
6172028 0.5 1 0.5 1
6172033 0.5 1 0.5 1
6172036 0.7 1 0.7 1
6172077 0.5 1 0.5 1
6172079 0.8 1 0.8 1
6172083 0.6 1 0.6 1
6172085 0.7 1 0.7 1
6172121 1 1 1 1
6172128 0.5 1 0.5 1
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Catchment Disturbance theme

Reach CDI ISI LUSI LCcCsI
6172172 0.7 0.7 1
6172969 0.5 0.5 1
6172970 0.5 0.5 1
6172975 0.5 0.5 1
6172976 0.6 0.6 1
6172977 0.9 0.9 1
6172978 0.9 0.9 1
6172983 0.5 0.5 1
6172987 0.6 0.6 1
6172994 0.8 0.8 1

Hydrological Change theme

Hydrological Change theme

Reach HCI LF HF Pz cv SP

Albany Coast SWMA
6020938 0.8 0.8 0.4 0.9 0.8
6020965 0.6 0.7 0 0.7 0.6
6020973 0.6 0.6 0.7 0.7
6020981 0.6 0.7 0 0.7 0.7
6020991 0.9 0.9 0.6 1 0.9
6020995 0.6 0.7 0 0.7 0.7
6021000 0.6 0.6 0.1 0.7 0.7
6021001 0.7 0.4 0.6 0.9 0.8
6021003 0.7 0.7 0.1 0.7 0.7
6021004 0.6 0.7 0 0.7 0.7
6021008 0.7 0.7 0.1 0.7 0.7
6021009 0.6 0.5 0.2 0.7 0.7
6021010 0.6 0.7 0.1 0.7 0.7
6021012 0.8 0.8 0.5 0.9 0.8
6021013 0.8 0.8 0.5 0.9 0.8
6021021 0.6 0.7 0 0.7 0.7
6021024 0.9 1 0.8 1 0.7
6021025 0.9 1 0.8 1 0.7
6021026 0.6 0.5 0.1 0.7 0.7
6021027 0.6 0.7 0 0.6 0.6
6021028 0.9 1 0.7 1 0.9
6021034 0.7 0.7 0.1 0.7 0.7
6021035 0.7 0.7 0.3 0.8 0.7
6021036 0.9 1 0.7 1 0.9
6021037 0.7 0.8 0.4 0.8 0.8
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Hydrological Change theme

Reach HCI LF HF Pz CcVv SP
6021038 0.6 1 0.7 0 0.7 0.7
6021042 0.6 1 0.7 0.7 0.6
6021043 0.6 1 0.4 0 0.7 0.7
6021048 0.6 1 0.6 0.2 0.8 0.7
6021052 0.7 1 0.7 0.3 0.8 0.7
6021053 0.6 1 0.2 0.3 0.7 0.8
6021058 0.6 1 0.7 0.1 0.7 0.7
6021062 0.7 1 0.4 0.4 0.8 0.8
6021063 0.6 1 0.7 0.1 0.7 0.7
6021065 0.6 1 0.2 0.2 0.7 0.7
6021066 0.7 1 0.6 0.2 0.7 0.7
6021069 0.6 1 0.7 0 0.6 0.6
6021073 0.6 1 0.6 0.2 0.7 0.7
6021076 0.8 1 0.8 0.5 0.9 0.8
6021097 0.6 1 0.7 0 0.7 0.7
6021098 0.8 0.9 1 0.5 0.9 0.8
6021099 0.8 0.8 1 0.5 1 0.9
6021100 0.7 1 0.4 0.5 0.9 0.7
6021108 0.7 1 1 0.1 0.7 0.7
6021110 0.6 0 0.3 1 0.9 1
6021111 0.9 1 1 0.9 0.8 0.7
6021115 0.6 0 0.3 1 1 0.8
6021117 0.9 0.9 1 1 0.8 0.7
6021123 0.6 0 0.4 1 1 0.8
6021128 0.6 0 0.3 1 0.9 0.8
6021136 0.6 0 0.5 0.9 0.9 0.9
6021137 0.6 0 0.4 0.8 0.8 0.8
6021143 0.6 0 0.3 1 0.9 0.9
6021146 0.6 0 0.5 0.7 0.8 0.7
6021147 0.5 0 0.5 0.7 0.8 0.7
6021149 0.7 0 0.4 1 0.9 1
6021497 0.7 1 0.7 0.3 0.8 0.8
6021501 0.6 1 0.7 0 0.7 0.7
6021515 0.6 1 0.7 0.7 0.7
6021518 0.7 1 0.7 0.2 0.8 0.7
6021526
6021531 0.8 0.9 1 0.5 0.9 0.8
6021534 0.6 0.3 1 1 0.8
6021536 0.6 0.5 0.8 0.8 0.8
6021715 0.8 1 0.9 0.4 0.9 0.8
6021717
6021727 0.8 1 0.8 0.9 0.8 0.7
6021842 0.7 1 0.7 0.2 0.8 0.7
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Hydrological Change theme

Reach HCI LF HF Pz cv SP
6021928 0.6 1 0.7 0 0.7 0.7
6021929 0.9 1 1 0.6 1 0.9
6021933 0.7 1 0.7 0.2 0.8 0.7
6022002 0.7 1 0.7 0.1 0.8 0.7
6022004 0.9 1 1 0.7 0.9 0.8
6022005 0.8 1 0.8 0.4 0.9 0.8
6022110 0.6 1 0.7 0.1 0.8 0.7
6022158 0.6 1 0.7 0.1 0.8 0.7
6022199
6022280 0.6 1 0.7 0 0.7 0.7
6022282 0.7 1 0.6 0.1 0.8 0.7
6022301 0.6 1 0.7 0.7 0.7
6022319 0.6 1 0.7 0.7 0.7
6022322 0.6 1 0.6 0.1 0.8 0.7
6022340 0.7 1 0.7 0.3 0.8 0.8
6022350 0.7 1 0.8 0.3 0.8 0.8
6022352 0.7 1 0.7 0.4 0.9 0.8
6022450 0.6 1 0.7 0 0.7 0.7
6022560 0.7 1 0.7 0.2 0.8 0.7
6022566 0.7 1 0.7 0.2 0.8 0.7
6022594 0.8 1 0.8 0.4 0.9 0.8
6022603 0.7 1 0.7 0.3 0.9 0.8
6022611 0.7 1 0.7 0.4 0.9 0.8
6022615 0.8 1 0.8 0.4 0.9 0.8
6022623 0.7 1 0.8 0.3 0.8 0.8
6022697 0.6 1 0.7 0.7 0.7
6022702 0.6 1 0.7 0 0.7 0.7

Denmark River SWMA
6031121 0.8 1 0.8 0.5 1 0.7
6031122 0.7 1 0.6 0.3 0.9 0.7
6031131 0.5 1 0.2 0 0.6 0.5
6031132 0.7 0.6 0.6 0.6 0.9 0.8
6031138 0.7 0.8 0.8 0.4 0.9 0.6
6031142 1 1 0.9 1 1 1
6031150
6031152 0.6 0 0.2 1 0.9 1
6031540 0.8 1 1 0.8 0.4 1
60311381
60311382
60315401
60315402

Shannon River SWMA

6061118
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Hydrological Change theme

Reach HCI LF HF Pz cv SP
6061119
6061120 0.9 1 1 0.9 1 0.9
6061124 0.9 1 0.8 0.8 1 0.7
6061125 0.9 1 0.8 0.8 1 0.8
6061126 0.9 1 0.9 0.8 1 0.8
6061129 1 0.9 0.8 1 1 1
6061133 0.9 1 1 0.8 1 0.8
6061139 0.9 1 1 0.9 1 0.9
6061140 1 1 1 0.9 1 0.9
6061535 0.9 1 1 0.9 1 0.9
Busselton Coast SWMA
6100902 0.6 0 0.2 0.9 0.8 0.9
6100929
6100931 0.7 1 0.5 0.3 0.9 0.6
6100933 0.6 1 0.5 0.1 0.9 0.6
6100936 0.7 1 1 0.1 0.8 0.7
6100939 0.7 1 0.6 0.2 0.9 0.6
6100946 0.6 1 0.4 0.3 0.8 0.5
6100948
6100956 0.7 1 0.6 0.6 0.9 0.2
6100967 0.7 1 0.6 0.3 0.9 0.6
6100978 0.6 1 0.5 0.2 0.9 0.6
6101002 0.8 1 0.7 0.7 1 0.8
Preston River SWMA
6110873 0.6 0 0.6 0.9 0.8 0.8
6110909 0.9 1 0.7 0.9 1 0.9
6110924 0.9 1 0.7 0.9 0.9 0.9
Collie River SWMA
6120802 0.7 0.1 0.6 0.9 0.9 0.8
6120819
6120825 0.7 0.2 0.6 0.9 0.8 0.8
6120826 1 1 1 0.9 1 1
6120836 0.5 1 0 0.4 0.5 0.6
6120842 1 1 1 0.9 1 1
6120869 0.6 0.9 0.5 0.3 0.9 0.6
6120880 0.8 1 0.6 0.7 0.8 1
6120903 0.9 1 0.7 0.8 0.9 1
6120928 0.9 1 0.8 0.9 0.9 1
6121461 0.6 0.9 0.5 0.3 0.9 0.6
6121686 0.6 0.5 0.5 0.4 0.7 0.7
6121687 0.8 1 0.9 0.3 1 0.7
6121690 0.8 0.9 0.6 0.4 1 0.7
6122055 0.8 1 0.8 0.4 1 0.7
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Hydrological Change theme

Reach HCI LF HF Pz cv SP
6122103 0.9 1 0.8 0.9 0.9 0.9
6122151
6122191 0.4 0.6 0.5 0.8 0.3
6122227 0.7 1 0 0.7 0.9 0.9
6130802

Harvey River SWMA
6130739 0.7 0.1 0.3 1 1 0.9
6130747 0.6 0.3 0.5 1 0.9 0.3
6130762 0.9 1 0.9 0.7 0.9 0.7
6130769
6130787 1 0.8 1 1 1 1
6131420 0.6 0.1 0 1 1 1
6131437 0.6 0.6 0.3 0.8 0.9 0.2
6131679 0.4 0.1 0.2 0.8 0.7 0.4
6131810 0.6 0.5 0.4 0.7 0.8 0.7
6131816 0.6 0.3 0 0.8 0.9 0.9
6131912 0.6 0.6 0.9 0.4 0.8 0.6
6131990
6132049 0.8 1 0.6 0.8 0.9 0.7
6132220 0.8 0.9 0.2 1 1 0.9

Moore-Hill Rivers SWMA
6170192 0.6 1 0.5 0.1 0.6 1
6170204 0.7 1 0.7 0.3 0.7 0.8
6170219 0.6 1 0.5 0.2 0.6 0.8
6170222 0.6 1 0.5 0.1 0.6 0.8
6170248
6170259 0.7 1 0.6 0.3 0.7 0.8
6170264 0.8 1 0.8 0.5 0.8 0.9
6170266 0.7 1 0.6 0.3 0.7 0.8
6170271 0.8 1 0.7 0.4 0.8 0.9
6170281 0.6 1 0.5 0.3 0.6 0.8
6170304 0.6 1 0.6 0.1 0.8 0.6
6170306 0.7 1 0.7 0.3 0.7 0.8
6170309 0.6 1 0.5 0 0.7 0.6
6170311 0.7 1 0.8 0.3 0.7 0.8
6170324 0.6 0.9 0.5 0.1 0.8 0.6
6170338 0.6 1 0.5 0.2 0.6 0.8
6170339 0.5 1 0.3 0 0.7 0.6
6170342 0.6 0.9 0.4 0.1 0.8 0.6
6170377 0.6 0.9 0.4 0.2 0.8 0.6
6170381 0.6 0.9 0.5 0.2 0.8 0.6
6170384
6170386 0.7 1 0.2 0.4 0.7 0.9
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Hydrological Change theme

Reach HCI LF HF Pz CcVv SP
6170388 0.6 0.9 0.6 0.2 0.8 0.6
6170399 0.7 1 0.2 0.4 0.7 0.9
6170409 0.8 1 0.2 0.7 0.9 0.9
6170414 0.7 1 0.2 0.5 0.7 0.9
6170415 0.7 1 0.2 0.4 0.7 0.9
6170424 0.8 1 0.3 0.8 0.9 0.9
6170443 0.8 1 0.4 0.9 0.9 1
6170454 0.8 1 0.4 0.9 0.9 1
6170465
6170472 0.8 1 0.4 0.9 0.9 1
6170475 0.8 1 0.3 0.7 0.8 0.9
6171267 0.7 1 0.5 0.3 0.7 0.8
6171274 0.7 1 0.6 0.3 0.7 0.8
6171311 0.7 1 0.3 0.5 0.8 0.9
6171572 0.5 1 0.9 0 0.4 0.4
6171585 0.6 1 0.4 0.2 0.6 0.8
6171595 0.7 1 0.8 0.3 0.7 0.8
6171604 0.7 1 0.3 0.5 0.7 0.9
6171614 0.8 1 0.3 0.8 0.9 0.9
6171615 0.8 1 0.2 0.7 0.8 0.9
6171772 0.7 1 0.3 0.5 0.7 0.9
6171780 0.8 1 0.3 0.8 0.9 0.9
6171961 0.7 1 0.5 0.3 0.7 0.8
6171963 0.6 0.9 0.6 0 0.7 0.7
6171964 0.8 1 0.7 0.4 0.8 0.9
6171966 0.6 1 0.5 0.1 0.5 0.7
6172023 0.7 1 0.5 0.3 0.7 0.8
6172028 0.6 1 0.5 0.1 0.6 0.7
6172033 0.7 1 0.3 0.5 0.8 0.9
6172036 0.8 1 0.3 0.8 0.9 0.9
6172077 0.6 0.9 0.6 0.1 0.7 0.6
6172079
6172083 0.7 1 0.2 0.4 0.7 0.9
6172085 0.8 1 0.3 0.8 0.9 0.9
6172121
6172128 0.6 0.9 0.6 0.2 0.8 0.6
6172172 0.7 1 0.6 0.3 0.7 0.8
6172969 0.6 0.9 0.6 0.3 0.8 0.6
6172970 0.7 0.8 0.6 0.3 0.9 0.6
6172975 0.7 0.9 0.6 0.3 0.8 0.6
6172976 0.6 0.9 0.6 0.2 0.8 0.6
6172977 0.6 0.9 0.6 0.2 0.8 0.6
6172978 0.6 0.9 0.6 0.2 0.8 0.6
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Hydrological Change theme

Reach HCI LF HF PZ cv SP
6172983 0.6 0.9 0.6 0.2 0.8 0.6
6172987 0.6 0.9 0.6 0.3 0.8 0.6
6172994 0.7 0.9 0.6 0.3 0.8 0.6
Water Quality theme
Water Quality theme
Site Reach wal TN TP Turbidity Drel Mean Salinity Diel DO
Temp  secondary
Albany Coast SWMA
AR-01 6021149 0.8 0.6 0.8 0.8 0.8 0.8 1.0 1.0
BR-02 6021069 0.2 0.4 0.6 0.8 0.8 0.7 0.2 1.0
BR-03 6021515 0.2 0.6 0.8 0.8 0.8 0.8 0.2 1.0
ER-01 6021115 0.2 0.8 0.8 1.0 0.4 0.8 0.2 0.6
EVBREO1 6021069 0.2 06 08 1.0 0.8 0.8 0.2 1.0
EVGAIOT 6022350 0.0 0.4 0.8 0.8 0.8 0.7 0.0 1.0
EVGAIOZ 6022350 0.0 06 08 1.0 0.4 0.7 0.0 1.0
EVKALO1 6022005 0.8 0.6 0.8 0.8 0.8 0.8 0.8 0.9
EVKALO3 6021727 0.8 0.6 0.8 0.8 0.8 0.8 0.8 1.0
EVSUS02 6021013 0.0 0.4 0.6 1.0 0.4 0.6 0.0 1.0
FR-02 6022603 0.0 0.4 0.6 0.8 0.4 0.6 0.0 1.0
FR-03 6022594 0.0 06 08 0.8 0.4 0.7 0.0 0.9
GAR-03 6022301 0.7 0.6 0.8 1.0 0.4 0.7 0.0 1.0
HAMR-01 6021715 0.2 0.6 1.0 0.8 0.8 0.8 0.2 0.6
HAMR-02 6021497 0.0 0.6 0.8 1.0 0.4 0.7 0.0 1.0
HAMR-03 6021497 0.0 0.4 0.8 1.0 0.4 0.7 0.0 1.0
KR 6021147 0.6 0.6 0.4 0.6 0.8 0.6 0.9 1.0
NC-01 6021536 0.6 0.4 0.6 0.6 0.8 0.6 0.8 0.9
PR-01 6022280 0.0 0.6 0.8 1.0 0.8 0.8 0.0 1.0
PR-02 6021034 0.5 0.4 0.6 0.4 0.4 0.5 0.0 1.0
PR-03 6022560 0.0 0.6 0.8 1.0 0.8 0.8 0.0 0.9
PR-04 6022319 0.0 0.6 0.8 1.0 0.4 0.7 0.0 1.0
PR-05 6021008 0.0 0.6 0.8 1.0 0.4 0.7 0.0 0.9
PR-06 6021003 0.0 0.6 0.8 0.8 0.4 0.7 0.0 0.9
SMR-01 6021929 07 06 08 0.4 0.8 0.7 1.0 1.0
WIC-01 6021534 05 06 08 0.4 0.6 05
WR-01 6021143 1.0 1.0 1.0 1.0 0.8 1.0 1.0 1.0
Denmark River SWMA
CLEE-01 6031121 0.8 1.0 1.0 0.8 0.4 0.8 0.8 0.9
DENM-01 6031122 05 1.0 1.0 1.0 08 1.0 08 0.5
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Water Quality theme
Site Reach wal TN TP Turbidity Dre! Mean Salinity Diel DO
Temp  secondary
DENM-03 60315402 0.9 0.8 1.0 0.8 0.8 0.9 1.0 1.0
e eostsaor 1.0 1.0 1.0 0.8 1.0 1.0 1.0
EVHAY08 60311382 0.8 1.0 1.0 0.8 0.8 0.9 0.8 1.0
EVHAY11 6031132 0.8 1.0 1.0 0.8 0.8 0.9 0.8 1.0
EVHAY14 60311381 0.7 0.6 1.0 0.4 0.8 0.7 0.8 0.7
HAY-01 6031131 0.7 0.8 0.8 0.4 0.8 0.7 0.8 1.0
MARB-01 6031152 0.8 0.8 0.6 0.8 0.8 0.8 1.0 1.0
MITC-01 6031142 0.9 1.0 1.0 0.8 0.8 0.9 1.0 1.0
Shannon River SWMA
BOOR-01 6061124 0.9 1.0 0.8 0.8 0.8 0.9 1.0 1.0
EVDEEO2 6061120 0.9 0.8 1.0 0.8 0.8 0.9 1.0 1.0
EVDEEOS 6061535 0.9 1.0 1.0 0.8 0.8 0.9 1.0 1.0
EVGARO2 6061126 0.8 1.0 1.0 0.8 0.8 0.9 1.0 0.8
EVGAROS 6061125 0.8 0.8 0.8 0.8 0.8 0.8 1.0 1.0
EVSHAO4 6061139 0.9 0.8 1.0 0.8 0.8 0.9 1.0 1.0
WELD-01 6061133 0.9 1.0 1.0 0.8 0.8 0.9 1.0 1.0
Busselton Coast SWMA
ABBA-01 6100933 0.9 1.0 0.8 0.8 0.8 0.9 1.0 1.0
ANNI-01 6100931 0.8 0.8 0.8 0.8 0.8 0.8 1.0 1.0
CAPE-01 6100948 0.9 1.0 1.0 0.8 0.8 0.9 1.0 1.0
CARB-01 6100978 0.9 1.0 1.0 0.8 0.8 0.9 1.0 1.0
GBC12 6100946 0.9 0.8 0.8 1.0 0.8 0.9 1.0 1.0
GYNU-01 6100902 0.4 0.8 0.6 0.6 0.8 0.7 1.0 0.4
LUDL-01 6100939 0.9 1.0 0.8 0.8 0.8 0.9 1.0 1.0
MARG-02 6101002 1.0 1.0 1.0 1.0 0.8 1.0 1.0 1.0
SABI-01 6100956 0.0 0.6 0.4 0.6 0.8 0.6 1.0 0.0
VASS-01 6100936 0.7 0.8 0.6 0.8 0.4 0.7 1.0 1.0
WILY-01 6100967 0.9 1.0 0.8 1.0 0.8 0.9 1.0 1.0
Preston River SWMA
FERG-01 6110873 1.0 1.0 1.0 1.0 0.8 1.0 1.0 1.0
PRES-01 6110909 0.9 1.0 1.0 0.8 0.8 0.9 1.0 1.0
PRES-02 6110924 0.9 1.0 1.0 0.8 0.8 0.9 1.0 1.0
Collie River SWMA
BRUN-01 6121686 0.7 0.6 0.6 0.8 0.8 0.7 1.0 0.7
BRUN-03 6120825 0.7 1.0 1.0 1.0 0.8 1.0 1.0 0.7
BRUN-05 6120825 1.0 1.0 1.0 1.0 0.8 1.0 1.0 1.0
BRUN-06 6120825 0.8 1.0 1.0 1.0 0.8 1.0 1.0 0.8
CR-05 6122227 0.8 1.0 1.0 1.0 0.8 1.0 1.0 0.8
CR-06 6122227 0.9 1.0 1.0 1.0 0.4 0.9 1.0 1.0
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Water Quality theme
Site Reach wal TN TP Turbidity Dre! Mean Salinity Diel DO
Temp  secondary
CR-07 6122227 1.0 1.0 1.0 1.0 0.8 1.0 1.0 1.0
CR-08 6122191 1.0 1.0 1.0 1.0 0.8 1.0 1.0 1.0
CR-09 6122103 0.7 1.0 1.0 1.0 0.8 1.0 0.9 0.7
CR-10 6120928 0.6 1.0 1.0 1.0 0.8 1.0 0.8 0.6
CR-11 6120928 0.4 0.8 1.0 1.0 0.8 0.9 0.8 0.4
CR-12 6122055 0.8 1.0 1.0 0.8 0.8 0.9 0.8 1.0
CR-15 6121690 0.4 1.0 1.0 1.0 0.4 0.9 0.8 0.4
CR-16 6121690 0.6 0.8 0.8 0.4 0.8 0.7 0.8 0.6
CR-17 6120880 0.8 1.0 1.0 1.0 0.4 0.9 0.8 0.9
HAR-01 6120836 0.9 1.0 1.0 1.0 0.8 1.0 1.0 0.9
WELL-01 6120802 05 0.8 0.6 1.0 0.8 0.8 1.0 0.5
Harvey River SWMA
HARV-05 6131679 10 10 1.0 1.0 1.0 1.0
HARV-06 6130787 1.0 1.0 1.0 1.0 0.8 1.0 1.0 1.0
HR01012 6131810 0.9 1.0 0.8 0.8 0.8 0.9 1.0 1.0
HR02010 6132049 0.7 1.0 0.8 0.6 0.4 0.7 1.0 0.9
HRO3013 6130762 0.9 1.0 0.8 0.8 0.8 0.9 1.0 0.9
HRO03015 6131912 0.4 1.0 0.8 0.6 0.4 0.7 1.0 0.4
HRO3017 6131990 0.7 1.0 0.8 0.6 0.4 0.7 1.0 1.0
PHD1 6130739 0.8 1.0 0.8 1.0 0.4 0.8 1.0 0.9
PHH1 6132220 0.9 1.0 0.8 0.8 0.8 0.9 1.0 1.0
SAM-01 6131420 0.9 1.0 1.0 1.0 0.8 1.0 1.0 0.9
SAM-02 6130747 10 10 1.0 1.0 1.0 1.0
Moore-Hill Rivers SWMA
HR-01 6172172 0.9 0.8 0.8 1.0 0.8 0.9 0.9 1.0
HR-02 6172172 0.7 0.6 0.6 0.8 0.8 0.7 0.9 1.0
HR-03 6172172 0.8 0.8 0.8 0.6 0.8 0.8 0.9 0.9
HR-04 6171585 0.8 0.8 0.8 0.6 0.8 0.8 0.9 1.0
MB-01 6172028 0.6 0.6 0.6 0.6 0.4 0.6 0.8 1.0
MB-02 6171966 0.6 0.6 0.8 0.6 0.4 0.6 0.8 1.0
MR-04 6172036 0.4 0.6 0.4 0.6 0.8 0.6 1.0 0.4
MR-05 6172036 0.7 0.6 0.4 0.8 0.8 0.7 1.0 0.8
MR-06 6171615 0.6 0.6 0.4 0.6 0.8 0.6 1.0 0.9
MR-07 6170465 0.4 0.8 0.6 0.6 0.8 0.7 1.0 0.4
MR-09 6172976 0.2 1.0 0.8 0.8 0.8 0.9 0.2 0.6
MR-10 6172083 0.2 0.8 1.0 1.0 0.8 0.9 0.2 0.9
MR-12 6172975 05 0.8 1.0 0.8 0.4 0.8 05 0.9
MR-13 6172128 0.6 0.6 0.8 0.6 0.4 0.6 0.8 1.0
MR-16 6171311 05 0.8 0.8 0.8 0.4 0.7 05 1.0
MR-17 6172128 0.7 0.6 0.8 1.0 0.4 0.7 0.8 1.0
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Water Quality theme
Diel Mean
Site Reach wal TN TP Turbidity Salinity Diel DO
Temp  secondary
MR-18 6172976 0.2 1.0 0.8 0.6 0.8 0.8 0.2 0.9
MRCO1 6172994 0.5 0.8 0.8 0.8 0.8 0.8 0.5 0.9
MRC02 6172987 0.5 1.0 0.8 0.8 0.4 0.8 0.5 0.9
NR-04 6170338 0.6 0.6 0.8 0.4 0.4 0.6 0.9 0.6
NR-06 6170306 0.9 1.0 1.0 0.8 0.8 0.9 0.0 1.0

Physical Form theme

Physical Form theme

Reach PFI ACSI LSCI MjD MnD GS RRC ESI EE BS

Albany Coast SWMA

6020938 0.9 1 0.9 1 1 0.8 1

6020965 0.9 1 0.9 1 1 0.8 0.8

6020973 0.8 1 0.7 1 0 1 0.8

6020981 0.8 1 0.7 1 0 1 0.8

6020991 0.9 1 0.9 1 1 0.5 0.8

6020995 0.8 1 0.7 1 0.3 1 0.8

6021000 0.9 1 0.8 1 0.5 1 0.8

6021001 0.8 1 0.7 1 0.3 1 0.8

6021003 0.6 1 0.6 1 0 0.8 0.5 0.5
6021004 0.7 1 0.6 1 0 0.8 0.8

6021008 0.5 1 0.6 1 0 0.5 0.8 0.3
6021009 0.6 1 0.4 1 0 0 0.5

6021010 0.7 1 0.6 1 0 0.5 0.8

6021012 0.7 1 0.6 1 0 0.5 0.8

6021013 0.9 1 0.9 1 1 0.8 0.8 1
6021021 0.8 1 0.7 1 0 1 0.8

6021024 1 1 1 1 1 1 0.8

6021025 1 1 1 1 1 1 0.8

6021026 0.9 1 0.9 1 1 1 0.5

6021027 0.7 1 0.6 1 0 0.8 0.5

6021028 0.9 1 0.8 1 0.8 0.5 0.8

6021034 0.6 1 0.7 1 0 1 0.8 0.3
6021035 0.8 1 0.7 1 0.3 1 0.8

6021036 1 1 1 1 1 1 1

6021037 0.9 1 0.9 1 0.8 1 0.8

6021038 0.9 1 0.9 1 0.8 1 0.8

6021042 0.6 1 0.5 1 0 0 0.8

6021043 0.7 1 0.6 1 0.3 0.3 0.8

6021048 0.8 1 0.7 1 0 1 1
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Physical Form theme

Reach PFI ACSI LSCI MjD MnD GS RRC ESI EE BS
6021052 0.8 1 0.7 1 0.3 1 0.8
6021053 0.8 1 0.7 1 0 1 0.8
6021058 0.8 1 0.7 1 0 1 0.8
6021062 0.8 1 0.7 1 0.3 1 0.5
6021063 0.7 1 0.6 1 0 0.8 0.8
6021065 0.7 1 0.6 1 0 0.5 0.8
6021066 0.7 1 0.6 1 0 0.5 0.8
6021069 0.7 1 0.5 1 0 0 0.8 0.8
6021073 0.6 1 0.5 1 0 0.3 0.8
6021076 0.8 1 0.7 1 0 1 0.8
6021097 0.7 1 0.6 1 0.3 0.3 0.8
6021098 0.8 1 0.7 1 0 1 0.8
6021099 0.8 1 0.7 1 0.3 1 0.5
6021100 0.8 1 0.7 1 0 1 0.8
6021108 0.8 1 0.7 1 0 1 0.8
6021110 0.8 1 0.7 1 0 1 0.8
6021111 0.7 1 0.6 1 0 1 0.5
6021115 0.8 1 0.7 1 0 1 0.8 1
6021117 0.8 1 0.7 1 0 1 0.8
6021123 0.7 1 0.6 1 0 1 0.5
6021128 0.8 1 0.7 1 0 1 0.8
6021136 0.6 1 0.5 1 0 0.3 0.8
6021137 0.7 1 0.6 1 0 0.5 0.8
6021143 0.6 1 0.5 1 0 0 0.8 0.5
6021146 0.6 1 0.4 1 0 0 0.3
6021147 0.6 1 0.5 1 0 0 0.8 0.5
6021149 0.7 1 0.5 1 0 0 0.8 1
6021497 0.7 1 0.8 1 1 0 0.8 0.7
6021501 0.8 1 0.7 1 0 1 0.8
6021515 0.6 1 0.5 1 0 0 0.8 0.5
6021518 0.6 1 0.5 1 0.3 0 0.8
6021526 0.9 1 0.8 1 0.8 0.8 0.8
6021531 0.8 1 0.7 1 0.3 1 0.5
6021534 0.8 1 0.7 1 0 1 0.8 1
6021536 0.7 1 0.6 1 0 0.5 0.8 0.8
6021715 0.9 1 0.8 1 1 0 0.8 1
6021717 0.9 1 0.8 1 0.5 1 1
6021727 0.7 1 0.6 1 0 1 0.5 0.8
6021842 0.7 1 0.6 1 0.3 0.3 0.8
6021928 0.8 1 0.7 1 0 1 0.8
6021929 1 1 1 1 1 1 0.8 1
6021933 0.7 1 0.6 1 0.3 0.3 0.8
6022002 0.9 1 0.8 1 0.5 1 0.8
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The FARWH for flowing rivers of south-west Western Australia: project summary and results

Physical Form theme

Reach PFI ACSI LSCI MjD MnD GS RRC ESI EE BS
6022004 0.7 1 0.6 1 0 0.8 0.5
6022005 0.7 1 0.6 1 0 0.8 0.8 0.8
6022110 0.7 1 0.6 1 0 0.8 0.8
6022158 0.8 1 0.7 1 0.3 1 0.8
6022199 0.7 1 0.6 1 0 0.8 0.8
6022280 0.7 1 0.5 1 0 0.3 0.8 0.8
6022282 0.6 1 0.5 1 0 0.3 0.8
6022301 0.7 1 0.7 1 0.3 1 0.8 0.5
6022319 0.6 1 0.6 1 0 0.8 0.8 0.5
6022322 0.6 1 0.5 1 0 0 1
6022340 0.8 1 0.7 1 0 1 0.8
6022350 0.8 1 0.7 1 0 1 0.8 0.8
6022352 0.8 1 0.7 1 0.3 1 0.8
6022450 0.8 1 0.7 1 0 1 0.8
6022560 0.8 1 0.7 1 0 1 1 0.8
6022566 0.8 1 0.7 1 0 1 0.8
6022594 0.6 1 0.9 1 1 0.8 0.8 0.3
6022603 0.8 1 0.7 1 0.8 0 0.8 1
6022611 0.9 1 0.8 1 0.8 0.5 1
6022615 0.9 1 0.8 1 0.8 0.8 0.8
6022623 0.9 1 0.9 1 0.8 0.8 1
6022697 0.6 1 0.5 1 0 0.3 0.8
6022702 0.7 1 0.6 1 0.3 0.5 0.8
Denmark River SWMA
6031121 0.7 1 0.4 0.8 0.3 0 0.8 1 1 0.9
6031122 0.6 1 0.4 0.8 0 0.3 0.8 0.8 1 0.7
6031131 0.6 1 0.6 1 0 0.5 0.8 0.4 0.3 0.4
6031132 0.5 1 0.6 1 0 0.5 0.8 0.3 0 0.7
6031138
6031142 0.5 1 0.6 1 0.5 0 0.8 0.3 0 0.5
6031150 0.6 0.6 0.7 1 0 1 0.8
6031152 0.5 1 0.4 1 0 0 0.3 0.5 0.7 0.3
6031540
60311381 0.7 1 0.6 1 0 0.5 0.8 0.8 1 0.7
60311382 0.5 1 0.5 1 0 0.8 0.3 0 0.7
60315401 0.7 1 0.5 1 0 0 0.8 0.7 1 0.3
60315402 0.5 1 0.1 0 0 0.8 0.8 1 0.5
Shannon River SWMA
6061118 1 1 1 1 1 1 1
6061119 0.9 1 0.9 1 1 0.5 0.8
6061120 0.8 1 0.8 1 1 0.5 0.5 0.8 1 0.7
6061124 0.7 1 0.7 1 0.5 0.5 0.5 0.6 0.7 0.6
6061125 0.7 1 0.6 1 0.5 0 0.5 0.8 1 0.5
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Physical Form theme

Reach PFI ACSI LSCI MjD MnD GS RRC ESI EE BS
6061126 0.7 1 0.5 1 0 0.3 0.5 0.8 1 0.7
6061129 1 1 1 1 1 1 1
6061133 0.8 1 0.8 1 1 0 0.8 0.8 1 0.6
6061139 0.7 1 0.5 1 0 0 0.8 1 1 1
6061140 0.9 1 0.9 1 1 0.5 0.8
6061535 0.7 1 0.8 1 1 0 0.8 0.6 0.3 0.9

Busselton Coast SWMA
6100902 0.7 1 0.6 1 0.5 0 0.5 0.3
6100929 0.7 1 0.6 1 0 0.5 0.8
6100931 0.5 0.3 0.6 1 0 1 0.5 0.6 1 0.2
6100933 0.6 1 0.7 1 1 0 0.5 0.3 0 0.5
6100936 0.7 1 0.7 1 1 0 0.5 0.6 1 0.3
6100939 0.5 1 0.5 1 0 0 0.8 04 0.7 0.1
6100946 0.5 0.7 0.6 1 0 1 0.5 0.3 0.7 0
6100948 0.5 1 0.5 1 0 0 0.8 0.3 0 0.5
6100956 0.6 1 0.9 1 1 1 0.5 04 0.5 0.3
6100967 0.7 1 0.5 1 0 0 0.8 0.8 1 0.7
6100978 0.7 1 0.5 1 0 0 0.8 0.8 1 0.5
6101002 0.6 1 0.4 1 0 0 0.5 0.8 1 0.5

Preston River SWMA
6110873 0.4 0.9 0.4 1 0 0 0.5 0.2 0 0.3
6110909 0.5 1 0.4 1 0 0 0.5 0.3 0.2 0.5
6110924 0.6 1 0.5 1 0 0 0.8 0.5 0.7 0.3

Collie River SWMA
6120802 0.5 0.9 0.3 0.5 0 0 0.8 0.5
6120819 0.6 1 0.5 1 0 0 0.8
6120825 0.4 1 0 0 0 0 0.5 0.7
6120826 0.5 1 0.3 0.8 0 0 0.5
6120836 0.5 1 0.2 0 0.5 0 0.8 1
6120842 0.6 1 0.4 0.8 0 0.3 0.8
6120869 0.6 1 0.4 0.8 0 0 0.8
6120880 0.7 1 0.4 0.8 0 0.3 0.5 1
6120903 0.5 1 0.3 0.8 0 0 0.5
6120928 0.5 1 0.2 0.5 0 0 0.5 0.9
6121461 0.5 1 0.3 0.8 0 0 0.5
6121686 0.6 1 0.3 0.5 0.3 0 0.3 0.8
6121687 0.6 1 0.4 0.5 0.3 0.3 1
6121690 0.5 1 0.2 0.3 0.3 0 0.8 0.5
6122055 0.5 1 0.1 0.3 0 0 0.5 0.8
6122103 0.5 1 0.2 0.5 0 0 0.3 0.5
6122151 0.5 1 0.3 0.3 0.3 0.3 0.8
6122191 0.5 1 0.1 0 0 0.3 0.8 1
6122227 0.4 1 0 0 0 0 0.5 0.8
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Physical Form theme

Reach PFI ACSI LSClI MjD MnD GS RRC ESI EE BS
6130802 0.2 0 0.6 0.8 0.5 0.5 0.8
Harvey River SWMA
6130739 0.2 0 0.5 1 0 0 0.8 0.3 0.5 0.2
6130747 0.5 1 0.2 0 0.5 0 0.5 1 1 0.9
6130762 0.2 0.1 0.5 1 0 0.3 0.5 0 0 0.1
6130769 0.8 1 0.7 1 0 1 0.8
6130787 0.6 1 0.4 0.5 0.5 0.3 0.3 0.8 1 0.7
6131420 0.5 1 0.2 0 0.3 0.3 0.8 0.8 1 0.7
6131437 0.3 1 0 0 0 0 0.3
6131679 0.5 1 0.2 0.3 0 0.3 0.3 0.7 0.7 0.8
6131810 0.2 0.1 0.2 0.3 0 0.5 0.5 0.4 0.3 0.4
6131816 0.4 1 0.1 0 0 0.8
6131912 0.2 0.4 0.1 0.3 0 0.5 0.2 0.3 0
6131990 0.1 0 0.5 0.5 0.5 0.3 0.8 0 0
6132049 0.6 0.8 0.5 0.8 0.5 0 0.8 0.5 1 0
6132220 0.4 1 0.4 0.8 0.3 0 0.5 0.2 0.3 0.1
Moore-Hill Rivers SWMA
6170192 0.8 1 0.7 1 0 1 0.8
6170204 0.6 1 0.5 1 0.3 0 0.8
6170219 0.8 1 0.7 1 0 1 1
6170222 0.8 1 0.7 1 0 1 0.8
6170248 1 1 1 1 1 1 1
6170259 0.7 1 0.6 1 0.3 0.5 0.8
6170264 0.7 1 0.6 1 0 0.5 1
6170266 0.7 1 0.6 1 0 0.5 0.8
6170271 0.9 1 0.8 1 0.5 0.8 0.8
6170281 0.8 1 0.7 1 0.3 0.8 0.8
6170304 0.8 1 0.7 1 0.5 0.3 0.8
6170306 0.7 1 0.7 1 0 1 0.8 0.5
6170309 0.8 1 0.7 1 0.5 0.3 0.8
6170311 0.9 1 0.8 1 0.5 1 1
6170324 0.7 1 0.6 1 0.5 0 0.8
6170338 0.8 1 0.7 1 0 1 0.8 0.8
6170339 0.6 1 0.5 1 0 0.3 0.8
6170342 0.8 1 0.7 1 0.3 1 0.8
6170377 0.8 1 0.7 1 0.3 0.8 0.8
6170381 0.7 1 0.6 1 0 0.8 0.8
6170384 0.8 1 0.7 1 0.3 0.8 0.5
6170386 0.7 1 0.6 1 0 0.8 0.8
6170388 0.7 1 0.6 1 0 0.5 0.8
6170399 0.8 1 0.7 1 0.3 0.8 0.5
6170409 0.7 1 0.6 1 0 0.5 0.8
6170414 0.7 1 0.6 1 0 0.8 0.8
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Physical Form theme

Reach PFI ACSI LSCI MjD MnD GS RRC ESI EE BS
6170415 0.9 1 0.8 1 0.5 0.8 0.8
6170424 0.9 1 0.8 1 0.8 0.8 0.8
6170443 0.7 1 0.6 1 0.3 0.3 0.8
6170454 0.7 1 0.6 1 0 0.5 0.8
6170465 0.7 1 0.5 1 0 0 0.8 1
6170472 0.7 1 0.6 1 0.3 0.3 0.8
6170475 0.6 0.9 0.5 1 0 0 0.8
6171267 0.9 1 0.8 1 0.3 1 1
6171274 0.9 1 0.8 1 0.5 1 0.8
6171311 0.5 1 0.6 1 0 0.5 0.8 0.3
6171572 0.9 1 0.8 1 0.3 1 1
6171585 0.7 1 0.5 1 0.3 0 0.8 0.8
6171595 0.9 1 0.8 1 0.5 1 0.5
6171604 0.8 1 0.7 1 0.3 0.8 0.8
6171614 0.7 1 0.6 1 0.3 0.3 0.8
6171615 0.5 1 0.4 1 0 0 0.5 0.3
6171772 0.7 1 0.6 1 0 0.5 0.8
6171780 0.7 1 0.6 1 0.3 0.3 1
6171961 0.7 1 0.6 1 0 0.5 0.8
6171963 0.8 1 0.7 1 0.5 0.3 0.8
6171964 0.9 1 0.8 1 0.5 1 0.8
6171966 0.7 1 0.7 1 0 1 0.8 0.5
6172023 0.6 1 0.5 1 0 0.3 0.8
6172028 0.4 1 0.7 1 0 1 0.8 0
6172033 0.7 1 0.6 1 0 0.5 0.8
6172036 0.8 1 0.6 1 0.3 0.3 0.5 1
6172077 0.6 1 0.5 1 0.3 0 0.8
6172079 0.9 1 0.8 1 0.5 1 1
6172083 0.7 1 0.5 1 0 0 0.8 0.8
6172085 0.6 1 0.5 1 0 0 0.8
6172121 0.8 1 0.7 1 0 1 0.8
6172128 0.5 1 0.5 1 0 0 0.8 0.2
6172172 0.7 1 0.5 1 0 0 0.8 0.9
6172969 0.9 1 0.8 1 0.8 0.5 1
6172970 0.8 1 0.7 1 0.8 0 0.8
6172975 0.7 1 0.5 1 0 0.3 0.8 0.8
6172976 0.6 1 0.5 1 0.3 0 0.8 0.8
6172977 0.9 1 0.9 1 1 0.5 1
6172978 0.9 1 0.8 1 0.8 0.8 0.8
6172983 0.9 1 0.8 1 0.8 0.5 1
6172987 0.6 1 0.6 1 0.5 0 0.8 0.5
6172994 0.7 1 0.6 1 0.5 0.3 0.5 0.8
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The FARWH for flowing rivers of south-west Western Australia: project summary and results

Fringing Zone theme

Fringing Zone theme

Reach EFz FVL FVW NATEz

Albany Coast SWMA

6020938 0.5 0.6 0.6 0.5
6020965 0.4 0.5 0.5 0.4
6020973 0.3 0.3 0.3 0.2
6020981 0.3 0.3 0.3 0.3
6020991 1 1 1 1

6020995 0.1 0.1 0.1 0.1
6021000 0.1 0.1 0.1 0.1
6021001 0.9 1 1 0.9
6021003 0.2 0.4 0.4 0.3
6021004 0.4 0.4 0.4 0.3
6021008 0.4 0.7 0.7 0.6
6021009 0.2 0.3 0.3 0.2
6021010 0.3 0.3 0.3 0.2
6021012 0.6 0.7 0.7 0.6
6021013 0.8 0.7 0.7 0.7
6021021 0.6 0.6 0.6 0.5
6021024 0.9 1 1 0.9
6021025 1 1 1 1

6021026 0.5 0.5 0.5 0.4
6021027 0.2 0.3 0.3 0.2
6021028 0.3 0.4 0.4 0.3
6021034 0.4 0.3 0.3 0.2
6021035 0.9 0.9 0.9 0.9
6021036 0.9 0.9 0.9 0.9
6021037 1 1 1 1

6021038 0.2 0.2 0.2 0.2
6021042 0.8 0.8 0.8 0.7
6021043 0.9 0.9 0.9 0.9
6021048 0 0.1 0.1 0

6021052 1 1 1 1

6021053 0.9 0.9 0.9 0.9
6021058 0.8 0.8 0.8 0.7
6021062 0.8 0.8 0.8 0.7
6021063 0.6 0.6 0.6 0.5
6021065 0.6 0.7 0.7 0.6
6021066 0.6 0.6 0.7 0.5
6021069 0.9 0.9 0.9 0.8
6021073 0.7 0.7 0.7 0.6
6021076 0.6 0.7 0.7 0.6
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Fringing Zone theme

Reach EFz FVL FVW NATEz
6021097 1.0 1.0 1.0 1.0
6021098 0.8 0.8 0.8 0.8
6021099 0.9 0.9 0.9 0.9
6021100 0.6 0.6 0.6 0.6
6021108 0.2 0.3 0.3 0.2
6021110 0.1 0.1 0.1 0.1
6021111 0.3 0.3 0.3 0.3
6021115 0.9 0.8 0.8 0.8
6021117 0.2 0.2 0.2 0.2
6021123 0.9 0.9 0.9 0.9
6021128 1.0 0.9 0.9 0.9
6021136 0.8 0.8 0.8 0.7
6021137 0.5 0.6 0.6 0.5
6021143 1.0 1.0 1.0 1.0
6021146 0.6 0.6 0.6 0.5
6021147 0.3 0.5 0.5 0.4
6021149 0.9 1 1 1
6021497 0.9 0.8 0.8 0.8
6021501 0.2 0.2 0.2 0.1
6021515 1 0.9 0.9 0.9
6021518 0.8 0.8 0.8 0.7
6021526 0.9 0.9 0.9 0.9
6021531 0.3 0.3 0.3 0.3
6021534 1.0 0.9 0.9 0.9
6021536 0.4 0.6 0.6 0.6
6021715 1 0.9 0.9 0.9
6021717 0 0 0 0
6021727 0.5 0.3 0.3 0.3
6021842 0.8 0.8 0.8 0.8
6021928 0.6 0.6 0.6 0.5
6021929 1.0 1.0 1.0 0.9
6021933 0.8 0.9 0.9 0.8
6022002 0 0 0 0
6022004 0.3 0.3 0.3 0.2
6022005 0.3 0.5 0.5 0.4
6022110 0.3 0.4 0.4 0.3
6022158 0.1 0.2 0.2 0.1
6022199 0.2 0.2 0.2 0.1
6022280 0.6 0.5 0.5 0.4
6022282 0.6 0.6 0.6 0.6
6022301 0.6 0.2 0.2 0.2
6022319 0.4 0.7 0.7 0.6
6022322 0.6 0.7 0.7 0.6
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The FARWH for flowing rivers of south-west Western Australia: project summary and results

Fringing Zone theme

Reach EFzZ FvL FVW NATez
6022340 0.2 0.2 0.2 0.1
6022350 0.8 0.7 0.7 0.6
6022352 0.6 0.7 0.7 0.6
6022450 0.7 0.8 0.8 0.7
6022560 0.5 0.9 0.9 0.8
6022566 0.8 0.8 0.8 0.7
6022594 0.6 0.2 0.2 0.2
6022603 0.6 0.5 0.5 0.4
6022611 0.8 0.8 0.8 0.7
6022615 0.7 0.7 0.7 0.6
6022623 0.4 0.5 0.5 0.4
6022697 0.5 0.5 0.5 0.4
6022702 0.6 0.7 0.7 0.6

Denmark River SWMA
6031121 0.9 1.0 1.0 1.0
6031122 0.9 1.0 1.0 1.0
6031131 0.3 0.6 0.6 0.5
6031132 0.7 0.8 0.8 0.8
6031138 0.8 0.8 0.8 0.7
6031142 0.9 1.0 1.0 1.0
6031150 0.3 0.4 0.4 0.3
6031152 0.5 0.8 0.8 0.7
6031540 0.7 0.9 0.9 0.8
60311381 0.8 0.7 0.7 0.6
60311382 0.8 0.9 0.9 0.8
60315401 0.8 1.0 1.0 1.0
60315402 0.7 0.7 0.8 0.6

Shannon River SWMA
6061118 1.0 1.0 1.0 1.0
6061119 1.0 1.0 1.0 1.0
6061120 1.0 1.0 1.0 1.0
6061124 0.8 1.0 1.0 1.0
6061125 0.9 1.0 1.0 1.0
6061126 0.9 1.0 1.0 1.0
6061129 0.9 0.9 0.9 0.9
6061133 1.0 1.0 1.0 1.0
6061139 0.9 1.0 1.0 1.0
6061140 1.0 1.0 1.0 1.0
6061535 0.9 1.0 1.0 1.0

Busselton Coast SWMA
6100902 0.2 0.4 0.4 0.3
6100929 0.4 0.4 0.4 0.3
6100931 0.1 0.2 0.2 0.1
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Fringing Zone theme

Reach EFZ FVL FVW NATE;
6100933 0.1 0.2 0.2 0.2
6100936 0.2 0.3 0.3 0.2
6100939 0.3 0.5 0.5 0.4
6100946 0.2 0.3 0.3 0.2
6100948 0.2 0.4 0.4 0.3
6100956 0.3 04 0.5 0.3
6100967 0.8 1 1 0.9
6100978 0.9 0.7 0.8 0.6
6101002 0.8 0.9 0.9 0.9

Preston River SWMA
6110873 0.2 0.3 0.3 0.2
6110909 0.2 0.3 0.3 0.2
6110924 0.3 0.5 0.5 0.4

Collie River SWMA
6120802 0.2 0.4 0.4 0.3
6120819 0.6 0.7 0.7 0.6
6120825 0.6 0.6 0.6 0.5
6120826 0.7 0.8 0.8 0.7
6120836 0.9 0.8 0.6 0.9
6120842 0.4 0.4 0.4 0.4
6120869 0.2 0.2 0.2 0.1
6120880 0.4 0.7 0.7 0.7
6120903 0.5 0.6 0.6 0.5
6120928 0.7 0.7 0.7 0.6
6121461 0.1 0.1 0.1 0.1
6121686 0.4 0.7 0.8 0.6
6121687 0.9 0.9 0.9 0.8
6121690 0.5 0.9 0.9 0.8
6122055 0.8 0.8 0.8 0.7
6122103 0.8 0.9 0.9 0.8
6122151 0.1 0.2 0.1 0.2
6122191 0.8 0.6 0.3 0.8
6122227 0.7 0.7 0.7 0.6

Harvey River SWMA
6130802 0 0 0 0
6130739 0.1 0 0 0
6130747 0.9 0.8 0.8 0.8
6130762 0.1 0.1 0.1 0.1
6130769 0.3 0.3 0.3 0.3
6130787 0.9 1 1 1
6131420 0.9 0.9 0.9 0.8
6131437 0.8 0.8 0.6 1
6131679 0.7 0.6 0.6 0.6
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The FARWH for flowing rivers of south-west Western Australia: project summary and results

Fringing Zone theme

Reach EFZ FVL FVW NATE;
6131810 0.1 0.1 0.1 0.1
6131816 0 0 0 0
6131912 0.1 0.2 0.2 0.1
6131990 0.1 0 0 0
6132049 0.2 0.3 0.3 0.2
6132220 0.3 0.6 0.6 0.5

Moore-Hill Rivers SWMA
6170192 0.3 0.3 0.3 0.3
6170204 0.3 0.3 0.3 0.2
6170219 0.3 0.3 0.3 0.2
6170222 0.1 0.1 0.1 0
6170248 0.4 0.4 0.4 0.3
6170259 0.8 0.9 0.9 0.8
6170264 0.2 0.2 0.2 0.1
6170266 0.5 0.5 0.5 0.4
6170271 0.4 0.4 0.4 0.4
6170281 0.3 0.6 0.6 0.5
6170304 0 0 0 0
6170306 0.5 0.4 0.4 0.3
6170309 0.1 0.1 0.1 0
6170311 0.3 0.4 0.4 0.3
6170324 0.3 0.3 0.3 0.2
6170338 0.5 0.5 0.5 0.4
6170339 0.2 0.3 0.3 0.2
6170342 0 0.1 0.1 0
6170377 0.3 0.4 0.4 0.3
6170381 0.5 0.5 0.5 0.4
6170384 0.2 0.2 0.2 0.1
6170386 0.3 0.3 0.3 0.3
6170388 0.5 0.5 0.5 04
6170399 0 0.1 0.1 0
6170409 0.7 0.8 0.8 0.7
6170414 0.3 0.3 0.3 0.2
6170415 0.4 04 0.5 0.3
6170424 0.4 04 0.4 0.3
6170443 0.1 0.1 0.1 0.1
6170454 0.3 0.3 0.3 0.3
6170465 0.2 0.3 0.3 0.2
6170472 0.8 0.9 0.9 0.8
6170475 0.4 0.5 0.5 0.4
6171267 0.3 0.3 0.3 0.3
6171274 0.4 0.4 0.4 0.3
6171311 0.7 0.7 0.7 0.7
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Fringing Zone theme

Reach EFz FVL FVW NATEz
6171572 0 0 0 0
6171585 0.6 0.6 0.6 0.5
6171595 1 1 1 1
6171604 0.6 0.7 0.7 0.6
6171614 0.2 0.2 0.2 0.2
6171615 0.2 0.4 0.4 0.3
6171772 0.3 0.4 0.4 0.3
6171780 0.9 0.9 0.9 0.8
6171961 0.6 0.6 0.6 0.5
6171963 0 0 0 0
6171964 1 1 1 1
6171966 0.2 0.3 0.3 0.2
6172023 0.8 0.9 0.9 0.8
6172028 0.3 0.6 0.6 0.5
6172033 0.4 0.5 0.5 0.4
6172036 0.6 0.9 0.9 0.8
6172077 0.2 0.2 0.2 0.1
6172079 0.1 0.1 0.1 0
6172083 0.8 0.7 0.8 0.6
6172085 0.8 0.8 0.8 0.7
6172121 0.5 0.5 0.5 0.5
6172128 0.3 0.5 0.5 0.4
6172172 0.6 0.9 0.9 0.8
6172969 0 0 0 0
6172970 0.3 0.4 0.4 0.3
6172975 0.3 0.5 0.5 0.4
6172976 0.7 0.9 0.9 0.9
6172977 0.8 0.8 0.8 0.8
6172978 0.4 0.4 0.4 0.3
6172983 0.5 0.6 0.6 0.5
6172987 0.3 0.5 0.5 0.4
6172994 0.4 0.7 0.7 0.6

Aquatic Biota theme

Aquatic Biota theme

Site Reach ABI FCSI EXP O/E Oo/P NATec Pab Psp MSI

Albany Coast SWMA

AR-01 6021149 0.8 0.9 0.7 0.7 0.8 1.0 1.0 1.0 0.7
BR-02 6021069 0.8 0.8 0.6 0.6 0.7 1.0 1.0 1.0 0.8
BR-03 6021515 0.8 0.8 0.6 0.6 0.7 1.0 1.0 1.0 0.8
ER-01 6021115 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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EVBREO1 6021069 0.8 0.8 0.7 0.7 0.7 1.0 1.0 1.0 0.8
EVGAIO1 6022350 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5
EVGAI02 6022350 0.7 1.0 0.9 0.9 1.0 1.0 1.0 1.0 0.4
EVKALO1 6022005 0.8 0.7 0.3 0.3 0.3 1.0 1.0 1.0 0.9
EVKALO3 6021727 0.8 0.7 0.6 0.6 0.6 0.9 0.9 0.8 0.8
EVSUSO02 6021013 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
FR-02 6022603 0.6 0.8 0.5 0.5 0.5 1.0 1.0 1.0 0.4
FR-03 6022594 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 04
GAR-03 6022301 0.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.3
HAMR-01 6021715 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9
HAMR-02 6021497 0.6 0.8 0.5 0.5 0.5 1.0 1.0 1.0 0.5
HAMR-03 6021497 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
KR 6021147 0.7 0.7 0.5 0.4 0.5 1.0 1.0 1.0 0.7
NC-01 6021536 0.9 0.9 0.8 0.8 0.8 1.0 1.0 1.0 1.0
PR-01 6022280 0.8 0.8 0.7 0.7 0.7 0.8 1.0 0.7 0.8
PR-02 6021034 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8
PR-03 6022560 0.9 0.9 1.0 1.0 1.0 0.8 1.0 0.7 0.9
PR-04 6022319 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8
PR-05 6021008 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8
PR-06 6021003 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8
SMR-01 6021929 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
WIC-01 6021534 0.5 0.5 0.1 0.2 0.0 1.0 1.0 1.0 0.5
WR-01 6021143 0.8 0.8 0.7 0.7 0.7 1.0 1.0 1.0 0.8
Denmark River SWMA
CLEE-01 6031121 0.9 0.8 0.6 0.6 0.70 1.0 1.0 1.0 0.9
DENM-01 6031122 0.9 1.0 1.0 1.0 1.00 1.0 1.0 1.0 0.8
DENM-03 60315402 0.9 0.9 0.8 0.8 0.80 1.0 1.0 1.0 1.0
EVDEN-LG 60315401 1.0 1.0 1.0 0.9 1.00 1.0 1.0 1.0 0.9
EVHAY08 60311382 0.8 1.0 1.0 1.00 1.00 1.0 1.0 1.0 0.7
EVHAY11 6031132 1.0 1.0 1.0 1.00 1.00 1.0 1.0 1.0 1.0
EVHAY 14 60311381 0.5 0.7 0.3 0.3 0.30 1.0 1.0 1.0 04
HAY-01 6031131 0.7 0.7 04 0.4 0.3 1.0 1.0 1.0 0.7
MARB-01 6031152 0.8 1.0 0.9 0.8 1.0 1.0 1.0 1.0 0.7
MITC-01 6031142 1.0 1.0 0.9 0.8 1.0 1.0 1.0 1.0 1.0
Shannon River SWMA
BOOR-01 6061124 0.9 1.0 0.9 0.8 1.00 1.0 1.0 1.0 0.9
EVDEEO02 6061120 0.8 0.8 0.6 0.7 0.50 1.0 1.0 1.0 0.8
EVDEEO5 6061535 0.8 1.0 1.0 0.9 1.00 1.0 1.0 1.0 0.6
EVGARO02 6061126 0.9 1.0 0.9 0.8 1.00 1.0 1.0 1.0 0.9
EVGARO05 6061125 0.8 1.0 0.9 0.8 1.00 1.0 1.0 1.0 0.6
EVSHAO04 6061139 0.9 1.0 1.0 1. 1.00 1.0 1.0 1.0 0.8
WELD-01 6061133 0.8 0.9 0.9 0.8 1.00 1.0 1.0 1.0 0.8
Busselton Coast SWMA
ABBA-01 6100933 0.8 0.9 0.8 0.8 0.8 0.9 1.0 0.8 0.7
ANNI-01 6100931 0.5 0.7 04 0.4 04 1.0 1.0 1.0 04
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CAPE-01 6100948 0.6 0.8 0.8 0.8 0.8 0.9 1.0 0.8 0.5
CARB-01 6100978 0.9 1.0 1.0 0.90 1.0 1.0 1.0 1.0 0.9
GBC12 6100946 0.6 0.9 0.8 0.8 0.8 0.9 0.9 0.8 04
GYNU-01 6100902 0.6 0.7 0.8 0.80 0.8 0.6 0.6 0.6 0.5
LUDL-01 6100939 0.7 0.9 0.8 0.8 0.8 0.9 1.0 0.8 0.5
MARG-02 6101002 0.8 1.0 1.0 1.00 1.00 1.0 1.0 1.0 0.7
SABI-01 6100956 0.6 0.8 0.7 0.7 0.7 0.9 0.9 0.8 04
VASS-01 6100936 0.8 0.9 0.8 0.8 0.8 1.0 1.0 1.0 0.7
WILY-01 6100967 0.8 0.9 0.8 0.8 0.8 1.0 1.0 1.0 0.7
Preston River SWMA
FERG-01 6110873 0.8 0.9 0.8 0.8 0.8 1.0 1.0 1.0 0.8
PRES-01 6110909 0.7 0.8 0.7 0.7 0.7 0.9 1.0 0.8 0.5
PRES-02 6110924 0.5 0.7 0.3 0.3 0.3 1.0 1.0 1.0 0.4
Collie River SWMA
BRUN-01 6121686 0.6 0.8 0.7 0.7 0.7 0.9 1.0 0.8 0.5
BRUN-03 6120825 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.7
BRUN-05 6120825 0.8 1.0 1.0 1.0 1.0 0.9 1.0 0.9 0.7
BRUN-06 6120825 0.7 0.7 0.6 0.6 0.6 0.9 1.0 0.8
CR-05 6122227 0.6 0.7 0.4 0.4 0.4 1.0 1.0 1.0 04
CR-06 6122227 0.8 0.8 0.5 0.5 0.5 1.0 1.0 1.0 0.8
CR-07 6122227 0.8 0.8 0.7 0.7 0.7 1.0 1.0 1.0 0.7
CR-08 6122191 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8
CR-09 6122103 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.8 0.9
CR-10 6120928 0.7 0.8 0.8 0.8 0.8 0.8 0.9 0.7 0.7
CR-11 6120928 0.9 0.9 1.0 0.9 1.0 0.8 0.8 0.7 1.0
CR-12 6122055 0.6 0.6 0.6 0.6 0.6 0.7 0.5 0.8
CR-15 6121690 0.7 0.8 0.8 0.8 0.8 0.8 0.9 0.7 0.7
CR-16 6121690 0.7 0.7 1.0 1.0 1.0 0.5 0.1 0.9 0.7
CR-17 6120880 0.7 0.8 0.7 0.7 0.8 0.8 0.8 0.8 0.7
HAR-01 6120836 0.9 0.9 1.0 0.9 1.0 0.8 0.9 0.7
WELL-01 6120802 0.6 0.9 0.8 0.8 0.8 0.9 1.0 0.8 04
Harvey River SWMA
HARV-05 6131679 0.9 1.0 1.0 1.00 1.0 1.0 1.0 1.0 0.9
HARV-06 6130787 0.6 0.3 0.2 0.2 0.2 0.4 0.3 0.5 0.9
HR01012 6131810 0.6 0.7 0.5 0.5 0.5 0.9 1.0 0.8 0.5
HR02010 6132049 0.8 0.7 0.7 0.6 0.67 0.8 0.9 0.7 0.9
HR03013 6130762 0.4 04 0.5 0.5 0.5 0.4 0.2 0.5 0.4
HR03015 6131912 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.6 0.7
HR03017 6131990 0.7 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.7
PHD1 6130739 0.5 0.7 0.7 0.6 0.7 0.8 0.9 0.7 0.3
PHH1 6132220 0.4 0.5 0.4 0.4 0.4 0.6 0.6 0.5 0.3
SAM-01 6131420 0.7 0.4 0.2 0.4 0.2 0.6 0.9 0.3 1.0
SAM-02 6130747 0.7 0.6 0.4 0.4 0.4 0.8 1.0 0.7 0.7
Moore-Hill Rivers SWMA
HR-01 6172172 0.7 0.8 0.8 0.8 0.8 0.8 0.9 0.8 0.6
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HR-02 6172172 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9
HR-03 6172172 0.8 0.9 1.0 1.0 1.0 0.8 0.7 0.8 0.8
HR-04 6171585 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.6
MB-01 6172028 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.9
MB-02 6171966 0.7 0.7 1.0 1.0 1.0 0.4 0.5 0.3 0.8
MR-04 6172036 1.0 1.0 0.9 0.9 1.0 1.0 1.0 1.0 1.0
MR-05 6172036 0.9 0.9 1.0 0.9 1.0 0.9 1.0 0.9 0.8
MR-06 6171615 0.6 1.0 0.9 0.9 1.0 1.0 1.0 1.0 0.2
MR-07 6170465 0.7 0.8 0.6 0.6 0.7 1.0 1.0 1.0 0.6
MR-09 6172976 0.7 0.8 0.7 0.6 0.7 0.9 1.0 0.8 0.7
MR-10 6172083 0.7 0.7 0.5 0.5 0.5 1.0 1.0 1.0 0.6
MR-12 6172975 0.7 0.7 0.5 0.5 0.5 0.8 0.9 0.8 0.8
MR-13 6172128 0.6 0.7 0.6 0.6 0.6 0.8 0.8 0.8 0.5
MR-16 6171311 0.6 0.7 0.6 0.6 0.6 0.7 0.7 0.8 0.6
MR-17 6172128 0.5 0.5 0.4 0.4 0.4 0.7 0.7 0.7 0.6
MR-18 6172976 0.7 0.9 0.8 0.8 0.8 1.0 1.0 1.0 0.4
MRCO1 6172994 0.8 0.8 0.7 0.7 0.7 1.0 1.0 1.0 0.7
MRCO02 6172987 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.8 0.8
NR-04 6170338 0.8 0.9 1.0 1.0 1.0 0.7 0.7 0.7 0.8
NR-06 6170306 0.7 0.8 0.5 0.5 0.5 1.0 1.0 1.0 0.6
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SW-WaA RIVER HEALTH ASSESSMENT - FIELD SHEETS
COVER SHEET

Drate Site cada ﬁwm" Y ——

SITE CODE

SWIAA

RIVER SYSTEM

RIVER/STREAM NAME

SITE NAME

DATE Coc SAMPLE NUMBER

MAME OF SAMPLERS

NOT ASSESSED IN FIELD

ALTITURE {mp  SLOPE (mdem)  OF3 () STREAM ORDER

| FLOW PATTERN CATEGORY DISCHARGE CATEGORY

NEAREST RAINFALL STATION (narmae)  DISTANGE AWAY km AVERAGE ANNUAL RAINFALL {imm)

{lormy

(e

ORDER OF SAMPLING - DAY 1

Take waber quatly aamplaa: grab followed by in-situ

‘Coliact macrainvertsbratas

‘Depioy water quality Inggers. Mots: marrnggm have. hunmbmmaﬂmmrdnwm
Process macrofwverlabrate sampis

Deploy fishicrayflsh iraps and fyke nefs

e

R ]
5

Field shests {if ime parmits)
ORDER OF SAMPLING - DAY 2

1. ‘Collett traps and fyks nats

o Gmmmm t:rnﬂm rzu-mursﬁﬂ-lfr rugga:}mmuramnnh}
3. Complate fiskd sheels

4. Complete site photas: fill-in chacklist balow.

Site photos (impartant 1o capiure mmﬂlﬁuﬂs m’r[mdwaatastmﬁmhwwﬂhrm1 and Row can changa Tapidiy)

FPhoto checkiist

Upsiream and dawnsbeam phobas, taken s the top, middle and botiem of the 100m sampling site {6 phebas tatal)
Representalive siée pholos

Macrainvedabmale samgling area

Represantative video laken

Canopy shobs faken Form edge of strearm of bolh sides — representative of dengity of canapy throughout site)

Acron
LE: Lef Bank, RB: Right Bank

Weralon 12 - Movember 200%

Page 1 of 18
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ﬁwqmumhmm
(Ceaparkrmrd of Waisr

Date Sita code

_" SW-WA RIVER HEALTH ASSESSMENT - FIELD SHEETS
GPS DAaTUM -
LONGITUDE (*E) or EASTING

LATITUDE (5} or NORTHING

MAP HAME and YEAR OF PUBLICATION SCALE

FPAGE REFEREMCE R MaP NUMBER

AGCESS DETAILS

PHOPERTY OWNER

PHONE NUMBER

ADDRESS

NOTIFY BEFGRE BACHWISIT [ | Yas [ | No  PERMISSION REQUIRED [ [¥es [ ]Ne
KEY REGUIRED I 1% [ IMo  KEY NUMBER/ AVAILABLE FROM

ACCESS MAP ~ SKETCH ROUTE BELOW OR ATTACH MAP TO BACK OF FIELD SHEET

e fow directlon, §s scaban 10ads, crosaings, norh ariow, disiances and landmarks.

MAP ATTACHED [

Vefgion 12 < November 2005

Paga 2 of 19
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Dapsgrveraal of Wasdam Asalraba
Dapatrmesd 3 Wil

Date Site code I
SW-WA RIVER HEALTH ASSESSMENT - FIELD SHEETS ]
GENERAL SITE ASSESSMENT — 100m sampling site
Fulisle narma

LONGITUDINAL DIAGRAM {AERIAL WIEW)

Ezsential features Legend Fagsills featuras DI begend Peasible fealures 00y legend
Flo drection = Macraphyte habital bl ki
Lo @ Lige irens ‘agetalion type B:
Macreirvariebrate @ \Weody debils Visgetalicn bype C:
sample
Wabar quality sample @ Riffles
Sandbarsisedimeant
Fyke nels B oor 4 i
North arrosw TN Significant arosicn
Mafural of artilicial
barmers
‘Verslon 12 - November 2008 Page 3 af 18
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Date Site code ittt e

SW-WA RIVER HEALTH ASSESSMENT - FIELD SHEETS
GENERAL SITE ASSESSMENT - 100m sampling site

CROSS SECTION DIAGRAM

| Regresentativa of samping reghan (where igh variablity exists draw hwa coss-sesions).

Supgestad informabon b Incluge an crase sectian dingram above
*  Bark shepe (586 balow)

»  Bank siape {sse beiow)

«  Chanmal shaps (see below)

L]

Ll

Euurﬂnﬁv v bank-dull widih )
Sheearmsicln and gofacent vegatalion widih and st
«  Predence of bairs, bonches, ioas

Cirele disgrams befow

Bank Ghape  Bank siope  Chanmal shaps
Do | [ TER| P v

= [ [l - s
=S ! DN |#5U _ BANKFULL WIETH LN
N R e | I o RIFARIAN WIDTH
L el N e O (v | R PP L
E. == | ADJAGENT VEGETATION
STREAM WIDTH MEASURMENTS
' I
Tep iddla Bolbam Waler width compared fo base-flow felrels)

Bapkfiuii

wiciils (i) Ho flow Low Madarate High Fraod

Current watar dry < |oaw veabar Equal i = high waler

willeh i) tsalahed fiak nasa-low atk

‘argian 12 - November 2008 Page 4 of 19
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Crrimineat ol Wesiees Ausdralla
Depiriras] o Waler

Date Site code
- SW-WA RIVER HEALTH . Aﬂmﬂﬁlﬁm FlE-f-ﬂﬁHEEIE
AQUATIC HABITAT # '~ 100m g site
STREAM HABITAT DIVERSITY
_urgn waady debns 0 prasent [ absent
Habitat apws * Mserophyis lypes Y (Sire: refalive t -mpacled sondlions for speckic ares)
Chanmel (iscsses wosty dubits) | [ Emergent Diversity (circk) Abundanee {crcle) *
Macrephyles — Submengad Wood of similar size | Spase (lew pieces)
Riflle Flzating 23 diffarent sizes Modaraba *
| Poal - Tatsi | 100 Mariely of sizes Diense (fircughout sl of sta) |
H Tozal 100 * A, e nectines of miodensis dermely or kow darl iy scoces meal o she
[ Bank vegetaiion draped i water ** | Roots overhanging and draped in water
{percentags of bank langth) Hana | Limied [ Moderate | Extenaive
Note sechios rolies fo babTol feod shocing] ™' Owerliamghng bariks
Dosd vegataban nal chided Hane [ Limited | Modesate [ Extenaive

Lutndes = 1= o o Rngi, Mocrada = 11000, Sdensiee >0 of Sak

Bk orickang

i

Flow firck) Dapth jeicia)
Uniloem Noiw (e.g. drain) Linifcem dapth (eg drain)
Muederalely varied aw Moderstely vaned depth
Wariad Mo (8g eddies, backwabars, fast, alow) | Wavind depths
Auerage datancs fom bank (m)
Siroam shading Parcentage of bank lenpth Aﬂragagmm widlh m
LB RE LE RE
Tres l:m'ar
Ehrub eearhanyg
Grass ovarhang (rushes/sedges)

Vepttdied sty

s i N

e

© Mok dereiy of 2oy will be ceeimined hom canng p shamgrepna; thetelom onfy 57 i shauks be o

F Binlogical substrate DENSITY i
Fltpatea?subais VAR il one mer, | | 7 mamsis v ot e 10550 (G ane b
Mnmneﬂmﬂ: or arlificial subslrate 123468 =108 of substrale cover 612848
“Gilt ar £and ar & mixlure of 5 Ba sard ETHR W 11-30% 678081
Mainky sand with somé pebbles &iar boulders R 31-60% oz 4
Minc of boulders, pebbles & sand el 18 17 & 18 a0 ;m 16 17 W W ;o

Hota Memising Sy o dassly do nod b el diation of hageh

[ Bocats e Aok o pehid ol al 35%5)

= Dt RN 10 WO g eV e’

I Sediment deposition

Eiologieal substrate DIVERSITY feircla)

ha-m|

| branches | alriius *

WATER AND SEDIMENT
Gircle tha sppropriate descrption under eash calegory.

Water Wler ; - Algae In Algas an o | Sediment Sediment
e Valer | Turbicity | Tamain staning* | A0SR M'g::,m_ | Piume alls soreboe
NarmalMaona Mane Clear Clear % 0% Senall Abdant MatmalMong

Anaerchic Slick Slgnt Slight 1w 1084 110 10% Medarata Light Sawage
Sawage Shaen Turkld Umrm 11 bo BO% i1 o 50% Lange Modarata Pﬂh‘dﬂum_
Patroaum Globs ﬂpaq.l:. Darii tea 51 ba T5% &1 o 75% Prolesa Chemical
Chemicsl Fiacks Elack = 755 =75% Anagrohiz
TEahn sy G i o whan ComiEea Wil SysieTs ST g e d podme |8 2 Tibared walar sameH =
= viel il v i e st i) G G AR 0 S0ERE (L8, nIlrplﬁmmfﬂhﬂhcmhmhrldmmwhﬁmﬁﬂﬂ
Waraman 12 - Movambear 2008 Fage 5of 19
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El'a!.a Site code wafnu 3
SW-WA RIVER HEALTH ASSESSMENT — FIELD SHEETS
PHYSICAL FORM/CATCHMENT IMPACT ASSESSMENT - 100m sampling site
BANKS AND PHYSICAL FORM
AMOUNT of erasion 7
srigth of bank affected (%) SEVERITY of erosion, and bank ai's.i.l.n!.ll'ly Circle
Severe! LITTLE TO NQ STRUCTURAL INTEGRITY
0 la 5% Barks are predominanily bese. Significan sections of srosion junderculling/zlumping) an
LB RE both aulside bends and straight sfrelches (sedimeant deposils in river). Exposed rools | LB | RE
oivious (whare applcabilel, wilh significant loes of vegetation in erading areas. Channel
shaps, bank shape and death ikely to change in near future
High: FOOR STRUCTURAL INTEGRITY
Evidence of bank instabdity (undercutting/slumping); with signs of soll loss from banke,
*5lo20% | LB | RB and possibly areas of sedimentation (ie. sandbars or laes) and scturing, Some exposad | LB | RE
roats (where applicabde), wilh loss of vegetalion in evoding aress. Ersian typically around
vutside bands. .
Low-Moderate: GOOD STRUCTURAL INTEGRITY
Banks refatively slable - exposed and supedicially eroding bank [(erosion dosan't
2ok | L8 il peratrate deeply inte bank wall) or stabilised by only exolic grassas. Lite Skelincod of | a8
significant l:hangg o channelbank shape, de_ul_h-_g loss of bank material in near future,
Minor: EXCELLENT STRUCTURAL INTEGRITY
»50% LB RE Benks stabe and mosly intact {minor slumping, underculling or bera banks espectsd | LB | RB
naturally): stzbllised by vegetalion s badrock.
| Factors affecting bank statility Cice | [ Stabilisation works YesO_ Noll
Feraf animals | e | me | Choose one or mare | Circle
Levesiock acoess (if ves, compele table balsw} LB R8 Rack wall profeclion LE RAB
Human accass LB RE Eiank rmalting LB R
Cleared vegetalion LB RBE Logsiplanks strapped la bank LE RB
Aunalf Concreln lining LB RE
Irrigation draw-deavwn Revegetation planlings LB RB
Flow and waves | Fenced human sccess (deterrent) LB RB
Culvet, bridge, dam | Fenced livesiock access LB RE |
Drain plpes L8 | FRB | Fanzed stock walering points LE RE
Other (specify] Dihar (specify) LE RB
Irdicate Ivesiook types & indlcate their impact fmajor or minar) far esch calsgary Below,
CATEGORY MIMOR Tick bax MAJOR  Tick b
...."'?-E'Fm“ damage Only small paiches of vegelation grazed Mast graundcover vegetation grazed.
Bank damage lgalated areas (1 or 2) of lvestock damage Maar continuous livestock damags to siream
Pugriing Isolated (1or 2] areas of pugging Exlensive pugging along the skream langth
Manure 52 signiric_a:nt manure deposits per site =2 gignificant manung deppsits per sile
Tracks a1 lrack per site | =1 track par sila
POLLUTION SOURCES
Local point source poliuticn None svidsnt [ Local numpnmrénu_r_ﬂépa.ﬁhﬂnn Nane evident 0 |
Potential Ghvious Indicinte typais: Potential Obvlous Indizate types:
Within site Within sile Wilhin site Within site
Uipsiream Upstraam Upsiream Lipstraam |
Cowmstraam | Downsbean Cawnstream | Downatream |
LANDUSE AT SITE . WITHIN 50m FROM EDGE OF STREAM
Clrcle all appticabie for gach bank
LE | Conmrvigion ﬂ:z‘,:‘ ol B ._.:m“':,"'"',_‘;,d Aaricuibrs | Pamoenbem | Tewsm Mireng | indusieial | Liban
BB | comsaniion Em oy | e, | Msilned it | dgreitien | Pasorstem | Towiem | wiig | eaidel | Urbes
WViersion 12 - Mavember 2008 Page 5 of 19
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The FARWH for flowing rivers of south-west Western Australia: project summary and results

Date Site code mm‘m“m
SUW-WA RIVER HEALTH ASSESSMENT - FIELD SHEETS
VEGETATION ASSESSMENT - 100m sampling site

RIPARIAN VEGETATION
Riparan 7one = a chear disinafion in vagatalion lype batsesn water depensant and non-waler~tependant vegelation

] Riparian zone ABSENT 0 =e»»  Duetbo: bumen impacl O natursl Iaamre {eg tadrock} O fraflood.,. 0 unknawn 0
Riparian 2one PRESENT L| [compiete resl of boy|

Indicata ripartan layers PRESENT*? arde | Wiclth of fiparian zone  Leitbenk ____m Rightbank ____m
Geound layer (Lo, sedges, ushes) | yes na | resuced | Dominant riparian specles (if unknown wribe: refér io photegraphs):
Shrub layer (woady} a5 no reduced
Trea layer | yes na radiced

* Inis rafens b the presencs of rparian apamsqlnumm ks Incoiparated below), Mate: if anly 1 or 2 shiubs remain (o example} crole ne'.
STREAMSIDE ZONE VEGETATION (FIRST 10m) - NATIVE AND EXQTIC VEGETATION

0% 1-10% 10 te 50% 50 -75% = TH%
LB RBE LB RE LB RB LB RE LB RB

Parcentage cover

Base ground (nat bedrack)
Gravnd covengrasses/sedgesirushas
Shiube (wacdy, mulli-siem)”

Teeas = 10m

Trwas = 10m

“Shrubs include Blackherry, Tea tees

STREAMSIDE ZONE VEGETATION (FIRST 10m) - EXOTIC VEGETATION

Proportion (%) of exalic vegetatian 0% 1- 6% 10 to 505 B0 - 75% » 7%
il eacl vegperation fa
o S Le FiB LB RB LA RB s RE LA RE

Ground coveriprasses/sedges/nushes
Shrobes (weady, mult-gham)®

Traes < 100

Traes = 10m

STREAMSIDE ZONE VEGETATION (FIRST 10m) - NATIVE WOODY VEGETATION

Recrndbment evidance | Recrwltment dype Extant of recrui i Recrud Froalih

Naone Trees ) Limiled Paoer
Halural Shaubg Moderata Moderate
Punbad Baih Apundank Huaaltry

ADJACENT ZONE VEGETATION (10 to 100m)

10 to &0m S0to 100m 100m +
LB RB LB RB LB RS

Tick box far the DOMINANT feature in each zane

Minimal vegetation

Typicat of aress of whan deselopemant [ Industry § mining
Wesada!Grasses T

Ry have & lsw scaltared trees Sypical al agriculturs)
Remnant wagedation

Maslly mative rees andlar shiubs {may hawve exatic understorey)
Forest

Malive irees, shrubs and undersloney. Few of no ewolics.
Plantallons

Type:

oOiher (describe)

COMMENTS (VEGETATION IN ADJAGENT ZOME]

Versian 12 - Kavembar 2003 Page 7 af 18
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Gionwmmial of Weasem Aastraiia

Date Site code Copyuarires] o Wi

SW-WA RIVER HEALTH ASSESSMENT - FIELD SHEETS
BARRIER ASSESSMENT - 100m sampling site

NATURAL AND ARTIFICIAL BARRIERS IN 100m SITE

Mo barriers O

Description Barriar 1 Barrler2 | Barriord

Type of Bariar — anlifizial (208 botlom of page Tor types) ar natural
Longiude o Nosthing

Labkude o Easling

Tick when phaio {aken

Lenglh (langrudinal {m)

Halght diffenence across barrier [m)
Widih or dameter t:m;-s-u:&m; I
_Hslghl {m} o
Valer depih acrass harrar {m)
Dawnslream drap (ot of barrer ta walar) {m)

Watnr chapth = dorsinslream (m) — —

Upsiream drop (bottam of bamier to waler) (m]

VWaber depth - upsiream (]

Binckage — cusigroeth ar sedimentation % crass-sactional area
Flaw cvar barter (alher measure or deseribe)

Slisctire maderial {e.g, concrate, E!'nb-sr.iﬂaal. plaslie, loose rock)

{157

e
25|

=
[
3

=
r

e
@

Il eulvart, number of pipes ar bowes
_Bm_'rigr fieads al fow condilion (exlremely ligh, high, mediim, low foss) [

Mote: Mot all of the above measuremeants will apply to natural barriers.

E Fiowing camseway
With !
Wl ST
TSP ) D
biviars
-
F, Dy comnmveay
W h -
% e,
i =
Lwﬂ;
S
. Dy narrow crastod wair
L wih
A
W—w:f
Mlnnlngi?mdnluri [ Flowing broad crested welk
A e
i =
(] N
Wasy | \ ili‘[?dh w: ]
R | P Y
iarsion 12 - Hovember 2008 Pege 8ol 18
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Date Site code

@m»nl ol Wwstaim Ausirally
Deparrrasdal Walar

SW-WA RIWER HEALTH ASSESSMENT - FIELD SHEETS
100m sampling site

Artificinl baveioes ouwlside 100w sife Clicla
fupstream or down straa)

NATURAL OR ARTIFICIAL BARRIERS OUTSIDE 100m SITE

" Watural barriere outside 100m site
(upstream or dawnsiresm)

Circla

Unknown | None | Ves (ses below)

Uniknowm | None - | ‘fl:_s | sz hodow)

Descrption and dislance from siie
(if lime, aggess &8 par previous page)

CHANNELISATION

{ Signs of channelzation Rall “ea [l (describe beirw)

Descriplion and distance from site
(if fime, assass a5 per peenGous page),

Mot whether channeisation is dus:

1. Dimact causas: deepening and slrasghtening by hamans to incraase

waber flew (8.4 1o raduce liscding), ar

2 Indirect causes: despeaned systems with mom vestical banks due
ta bank erosion and bed seowing: a resull of increasad Nows from
changes such as calchmant clearing or hydrelogical modifications.

provided bekin,

Males af Malhaed vsed

WATER VELOCITY (FLOW) ACROSS 100m SAMPLE SITE

unks Welacily,

WEATHER CONDITIONS

Raln fn past waek Tick box Claud cever

Flaw Infarmalion is recorded on the Macrainvetabrale Samplng Sheet ard WO 2 Sheel, ¥ peilher & being used for this asseasment use space

Tick bt

Va8 Day 1

Day 1

Yes {1 Nol

Mg Day 2

If knevan, mm

VWeather comments

Dy 2

Yes [ Nel

‘arslon 12 - Nevambar 2009
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Date

ReCorderns narme

Site code

FRE - INSTRUMENT CALIBRATION

Instrumand Type Insttumeni Murmbsr
Elechrical R
Pre - fiald ; Dissolved Cuygen ;
calibration C?r:dmn;t,l pHT pH 10 'i% “F] Halinity Temperabura
Prg rending
Pt raading
ROTE: In masl cases salinity and emperature are not calibrated priar o use.
Ciler
Cenduclivity unils uncomp comp (25%C) _-| Baromedric prassure from BOM
Corductiviy setfing frash salt none (il requived)) for DO calibration
= ; T
e e g i
calibration &NUWHHEEE 1413 mSiem Caher findicabal: caalal
Dissaheas oxygen — hPa _ mmHg
calfbrated b 00% 24l in alr | Cther (indicate): {menHg = BiPa x 0.7802)
GRAB WATER QUALITY
Water qualily samples takan
Cale Time
Zampla mumibes CoC
IN-SUTU WATER QUALITY
i ; I A any othars hare
Dissalvad | Dissclvad Elscirical =
Daitp IELTSII 5;:;‘? pH oayges | Owygen | Conductivily 'rmﬁ:'f"m
fmgil} 1% 5al) fmSem)
Baurlaca |
Baltam
Heabe: Usually only surface water samples ana taker,
POST - INSTRUMENT CALIBRATION
Elgclrical :
Post — fiald Disaalvad Oxygen Temparalune
4 Canduchily pH7 gH 10 Sabnit para
caliration mien) (% sal) y [
Pra reading
I_Pustmaahg
NOTE: Inmasl cases pH 10 does ned require post calibeation. Disaled axygan Is anly checked, nol post calibraled
Marsion 12 - Movermiper 2008 Paps 10af 18

Department of Water

183



The FARWH for flowing rivers of south-west Western Australia: project summary and results

Gapwpiremen ] of Waabam Auslrala
Do ol Wb

Crate: Site code
Recarders name —
PRE-DEPLOYMENT MEASUREMENTS
Deplaymant date Dapioyment tima
Field air calibeation Waier Pump Water deplh
Prebe Pump e o 3 FAuctusl water
Pra-cal Prst.cal readings running ta first Inkal
Lattar Humbat {miL) Span (%) {mgiL) ML) {yes Drmz kale jem) depifi fm}
LOCATION OF LOGGERS
Cwcle o each categany {except for in-siream vegetalion)
Location in stream In i Mes Gﬂ main flow Other (desaribe)
Angle loggers deployed B0F (vertical) 48 4o 907 « 45"
Canopy cover ower loggers (15 10 b 50% 50% to B0 100%
In-stream vagelation® ek all applicable) Mone Ermnegan Submerged Flealireg
Dansity of in-slream, vegetation® MR Sparss Medivm Dienga
Density of algas in waber colurmn® Hong Sparse Medivm Dansa
Rifflasicascades (upstream of logpars]™ Mone If yes F
“whhin Tm foe oggers, - willin GOm fram lpgers
Hales
WATER VELOCITY (FLOW) AT LOGGER SITE
Meter or helhad used unitz Velagily
POST DEPLOYMENT MEASUREMENTS
Relriaval deta Retrieval lime
Proba Pump y . Walier raading Air reading
Latar g Gondition of HOUSING Canditian of MEMBRANE {mgiL) {mail)
|
Mo Clean Glaan Babbiés
Show Shghlly dirly Shghlly dirty
Fast Wery dirty Vary dirty Mo bubiles
; Clea
[T Claan n. Bibblds
Shaw Shightly dirty Shghtiy dirty
Fat iry dirty Very difty Ho bubbles
Weathes cbzenalicns in past 24 hours andlor any noliceabla changas |o sile ar loggens: S
Wersion 12 « Moweriber 2008 Page 11 al 19
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Dale Sita coda

Recorders pama

PRE-DEFPLOYMENT INSTRUMENT CALIBRATION

mm of Winabmen Ausindin
st o Wk

Instrumant Type Laogger Mumber Handpigce Number
Tiszohed BT e Bareenalric pressure ram BOM
Fre = fiaid T Elaclrical Temparatura R e
Eallaralion Sefafy | aHT | pH 0 ?'fﬁl; G e i i requived) for DO ealfaralion
Full glaba: 1200 955 356
Reading | Coastal: 1900 989 802
Callorated ta | | = mmHg

MOTE: [ rros] casas axfnity and tamparsiere are nol calibrated prior (o use

LOGGING INFORMATION

{fiHg = hPa x 0.7502)

——

Deploymant. date Deploymant bmo
Parametors 58 Lo leg (lick]
f. ] Drsaled Oxygen | 1 Temperature [ 1 Elecirical conduciivity
i1 pH [ 1 Turbddity [ ] Other
Loggerns sal b recand mvery mins.  far days [ howrs (cirgle)
LOCATION OF LOGGERS
Circha cne aption far each category (except lor in-slream vegatation)
Location in stream I nadn Nowr Ot main o il {deserioe)
Anghe loggers deployed A7 {usrticat) 4550 99" <45
Ganopy cover over laggers % 10 ta 50% S0% 1o B0 100%
In-stroam vegetation® (Hek &)l applicatis) Mar Emargenl Submanged Flaating
Danshy of in-siream, vegatation® A Spaee Medium Dense
Density of slgae in water aolumn® Mana Sparse Madiurm Dense
Rifflesicascades (upsiream of loggers)* Hane IF yas M psteam
“Swithin Am from loggers. * within 50m from loagers o T B
MNolas
WATER VELOCITY (FLOW) AT LOGGER SITE
Malar ar Malbad ussd unils \alacity
LOGGER REMOVAL
Legmer ramoval daba Logper ramava limea
‘Wieathes nbsarvations In past 24 hours andior any noticaabla changes fo site or loggers
Pesl — Neld - Electrical Tamperatuie MOTE: In mast cages pH 10
Calizration Sk Nl U R Sl (SN s P o dues ol require post
cafration, Dissoived coygan is
Raading anly checked, ned pos
=11
Caligrated to

YVargian 12 < Hovember 20038

Page 12 of 19
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The FARWH for flowing rivers of south-west Western Australia: project summary and results

Date Site code

SW-WA RIVER HEALTH ASSESSMENT - FIELD SHEETS
FISH AND CRAYFISH

Recordens name  __

Dale lips depioyed

Tl glickd  Locsl Fishamas VW officer calied (V800 B15 507} up 1o ona day prior {reed peemii numoes, oar registralion and semplars nameas)

TRAP SETTING - BOX TRAPS

—

Small trap [S) | Laft bank (LB} Water Describn Incation of trap
Trap # or Right bank [R8) Dapth 8.0, In woody debris, under e, Bmangsl amangant mecephytes, in fall sun
Large trag iL} or Canira [T) fem) | % ghaded, under averhanging vegelalion, Amangsd Iree rools,

TRAP SETTING - FYKE NETS

TYFE__ | Water o irasit 70 li Comments
Dome (D) or | Upsiream (US)or | Dapth ielth * ings and bank or fyver boftom
Rectangls (R) | Downstraam DS) [ witlth 2.0. fyka I eddy, gaps bebwean wings a

"I hicih wirgs are fully extended to edge of bark 1his would be 1005, 1 spaces exisl babwaen wings and bark or bobwesn wings and Suface of
waber {due 1o dapih), astimabe covarage and poovida axglanatian of sal-up

LIST FISH/CRAYFISH SPECIES OBSERVED BUT NOT CAUGHT

Wersion 12 - Movernber 2008
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Date Site code s Tiovie Sl

SW-WA RIVER HEALTH ASSESSMENT - FIELD SHEETS

FISH AND CRAYFISH
R Db lraps collached
TRAP COLLECTION
; e Evidgnce gf | Comments [l i)
Sira clags (mm) Raproductian® | « 5-|g|.',-.hg, .a-:::: disease, injury

Trag |-Tih 0:20 | 20-50 [ 50-900 [ 100+ | Other nome
@ | Crafish | 020 | 20-50 | 80-78 | 78-100 | joo+ | " )
Large fish | 0-100 | 100-200 | 200400 | <00+ Gher ¥ {mas)

» memalies! size gravid individual
= siza of largest individual
| Mode sie of marran over Pmm

Ewiancs of rEpDouTive COSIDn IEeoas read mass LAr Chareeianaic cobva

Lagansi

WM = Westarn Monow, THM = Trout Minraw, BSM = Black-strioe Minnow, NF = Nighifish, WFP = Waatarn Pygmy Pesch, BPP = Balsions
Fygmy Perch, SWG = South Wes: Gaby, SRG = Swan Rivar Gaby, COB = Cobbler, JOL = Jolylsd, GAM = Gambusia, 18POT = One spol
live esarar, WH = Westam Hardy Head, ELONG = Elongats. BB = Black Bieam, FP = Redfin Perch, RT = Rainbiow Troul, BT = Brown Troul,

MM = Mud Miancw, Gl = Gilgle, GH = Hybrid Gilgie, MAR = Marran, HMAR = Hairy Marran, K = Kaonac, KX = Koonas g X, Y = Yabbie,
F& = Frashwater Shrimg.

Langs fsh inclvde: cobhlar, ool rediin, pvey.

WVersion 12 - November 2008 Fage 14 of 18

[additional sheets provided in field kit; explaining disparity in page numbers]
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188

Diate
Recorders namse
DATE SAMPLE TAKEN TIME SAMPLE TAKEN
COLLECTED BY PICKED BY AMD
HABITAT % OF 100 m reach
SAMPLE MUMEER COC MUMEBER
SAMPLINGCONDITIONS | | good T 1 awerage [ 1 poor
PICKING CONDITIONS [ 1 good [ ] avemage [ 1 poor
BREAKDOWN OF 10m SAMPLING AREA
Darsity foirla)
Minaral Bubsirats % Habitat surface area % (1= 3parme, 5 = deres)
| Besock — Minaral Bubslrats B -
EﬂlidBj;lP?.EFrﬂr‘l'l af sbader ball Emargent macrophyie: 1 3 4 &
Cobible (64 10 258men of cricket o scccer ball Submargsd macrophyte o & & & b
Pabble {16 to EB4mm or 5¢ olece o ciicket ball Floaling macroghyte T 2 x4 &
Gravel (4 ba 6mm or raw sugar o 56 piece) Diistritus 1 & 3 4 &
Sand i1 o drim) Aigal Cover 2345
~8ill {=tmm] Feipanian veq draped in waler
oy Cther {g.g. woody dedriz)
Talal A00% | Total (may be = 100%) -
DEPTH
Oepth macrotnvertebrale sample laken {circe) «28em =B0em =1 D0em < 2006m = Ffem
WATER VELOCITY (FLOW) AT MACROINVERTEBRATE SITE
Msber o Malhad ised urits Mex valacity MMlin welacity
BOX SUB-SAMPLER TALLY '
Humber of ceds. picked
Humbaer of ceds in box
Tetal rumber of macreinverisbrales picked
Comments {if any)
‘eraken 12 - Mowernber 2008 Page 18 of 18
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Appendix C Draft FARWH training and result
publication website delivery report
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1 EXECUTIVE SUMMARY

This report documents the delivery of the FARWH training and result publication website.
This website is an important component of the Application of the Framework for the
Assessment of River and Wetland Health (FARWH) to southwest WA and rivers in the
wet/dry tropics of northern Australia.(Website URL: http://farwh.csse.com.au/)

This website is based on the FARWH training and result publication web application
concept design report that was published in April 2010. As outlined in this report the site
was developed to serve 3 main objectives.

e Education of the general public about the FARWH

® Provide training materials for Agency staff and volunteers

e FARWH result publication and mapping

The concept design also outlined the major technical components of the site to be a
flexible group based login/authentication system, a Content Management System (CMS),
a Learning Management System (LMS) and an online mapping portal.

The users of the website were considered to include members of the general public that
require brief educational material on the FARWH, a range of training participants at
different levels and stakeholders wishing to analyse the FARWH results using a range of
tabular and mapping tools.

As part of the concept design of the website, several alternative branding and website
designs were proposed. After discussions with the TRaCK and SW WA teams, a branding
design was adopted.

The draft website has now been developed. This report presents the website and
described each of the major sections in the following chapters.

ﬁ'CatchmemSimulation Solutions Page | 3



2 PusLIC FACING PAGES

The public facing pages are an introductory section designed to inform members of the
public regarding what the FARWH is, and how the results presented on the site should be
(and should not be) interpreted. This section is developed around a simple content
management framework to allow easy editing in the future. The emphasis is on
streamlined and interesting content targeted at a low level of ecological expertise.

2.1 Home Tab

The public facing pages are predominantly found in the Home tab and can be navigated
by a menu in the left hand column and consists of 4 main pages, Introduction, What is
FARWH?, Why FARWH and FARWH Interpretation.

2.1.1 Introduction Page

The landing page for the FARWH website (currently http://farwh.csse.com.au) is shown
below.

¥OU ARE NOT LOGGED IN [LOGIN)

=1h|lrudur_llon I Introduction JUMP 2 MENU %]

i What is FARWH? |

VIEW MAPS

| Why FARWH? |
e — & RESULTS

| FARWH Interpretation

| Search = |

Amstral ment

Nations! Water Commisios
Macimy sl b soer Semmdnroh Frogram

Professor Richard Norris
Institute for Applied Ecology, University of Canberra

[T S T TR P e

s to analyse and
se on fivers, the
s, The A

FARWH helps ng-term chang itic nime sults ent regime W
recognises that need to take advantage of the wealth of data already being collected, re ether it is for wide scale resource
assessment or localised catchment management prionties. To integrate these diverse data, the FARWH provides a set of guidelines for adapting
and supplementing existing data collection activities,

Figure 1: Landing Page

The first piece of content on the landing page is a video of Dr Richard Norris giving an
introduction to the website and FARWH in general. The video was shot near Coppins
Crossing in the ACT. It includes subtitles in the case of the user not having audio
capabilities.

a Catchment Simulation Solutions Page | 4



FARWH WEBSITE DELIVERY REPORT

> VRO SSRT TR TR -, Q&

Figure 2: Introductory Video

The public facing page also includes an overview video of the website to help users
navigate the site.

Ve AR BT LSWIAT A e

Intruducbion LI L]

Use the*"Mapping“tabor ’E
View Maps and Results in

the “Jump2Menu” to view P
detailed results of FARWH ."&i—__;.'_: v/

projects around Australia o

\9}‘ \._._.’__) \!..‘..‘ '-\_."_../' ‘._.’!J _‘ '\Qr -

Figure 3: Overview Video
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FARWH WEBSITE DELIVERY REPORT

2.1.2 What is FARWH Page?

The ‘What is FARWH’ page includes an interactive animation designed to give a simple
introduction to each of the FARWH themes.

What is FARWH?

The national Framework for the Assessment of River and Wetland Health (FARWH) is a hierarchical model of river function. The FARWH is based on
the princple that ecological integrity is represented by all the major ecosystem components of the environment. To represent this in an
assessment, the FARWH uses 6 themes that contribute to an overall picture of river condition. The interactive animation below will give you an
overview of the FARWH model.

Conceptual model of factors effecting river condition and the scale at which those factors operate

FARWH is based on a hierarchical model of river function. It recognised the effects of
catchment disturbance, physical form of the landscape, hydrologic regime, water quality,
fringing (stream/river side) zone and ultimately aquatic biota as measures of river health

Figure 4: Interactive FARWH Animation

After the user clicks through the animation reading the commentary, the final slide
presents the full FARWH diagram which is based on the original diagram by Dr Richard
Norris. This slide and the original diagram are presented in Figure 5.

Catchment Simulation Solutions Page | 6



FARWH WEBSITE DELIVERY REPORT

Catchment scale activities and land uses influence......

the condition of habitat, channel form and water quality.

CHANNEL RIPARIAN
GEOMORPHOLOGY VEGETATION

By conducting a river condition assessment at multiple ecological scales (catchment,
river section, biota) we are endeavouring to detect the source of environmental
deterioration, and with ongoing assessment, can monitor any further degradation or
improvement to river health over time

4

Play Again

Figure 5: Final Slide of Interactive Animation and original diagram
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2.1.3 Other Pages (Home Tab)

The final pages of ‘Why FARWH’ and ‘FARWH Interpretation’ display some easy to
understand commentary related to why FARWH is useful and how it should be
interpreted.

2.2 Training Tab

The Training tab links to the Moodle training portal outlined in Chapter 3.

2.3 Mapping Tab

The Mapping tab links to the mapping site outlined in Chapter 4.

2.4 Documents Tab

The documents section links to a document repository which includes the original FARWH
manual plus all other relevant documents. The documents are arranged in categories and
each includes a searchable summary. Part of the document repository is shown in Figure

B oocumerts | osumems | ARWH Manuals & Repor JUNPZMENY
FARWH & Reports

)

VIEW MAPS

[Order by : Name | pats | pis ] & RESULTS.

TRaCK Final Report [Web Version) Q.
nl.j
T
ke

TRACK FARWH Report

Figure 6: Documents Tab

2.5 Contact Us Tab

The Contact Us tab displays contact details for the custodians of the website. At present,
we have used our contact details but these can be replaced once a permanent custodian
is arranged.
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3 TRAINING PORTAL

The training portal is based on the Moodle Learning Management System (LMS). Moodle
has been integrated with a customized access control system to simplify the enrolment
process. This allows administrators and teachers to automatically invite and enrol
participants in all relevant courses.

3.1 Access Control System

The Access Control List (ACL) system is based on categorizing users into groups. A
screenshot of the current groups is shown in Figure 7.

ONLINE INACTIVE ACTIVE SUSPENDED

PRIMARY GROUP 4 INACTIVE ACTIVE SUSPENDED

Figure 7: ACL System

Some of the important groups (and their features) in the ACL are:
e Super Administrator
o Total control over all users and groups and site administrator access to
Moodle.
o Ability to send bulk emails to members of any or all groups including
variables such as username, email, last_seen etc.
o Ban users, or IP ranges.
o View user access logs.
o Add new courses or edit which groups can access Moodle courses with
which roles.
e TRaCK Administrator
o Administrator access to all TRaCK Moodle courses.
o Ability to invite users to join groups TRaCK_Teachers and TRaCK_Student.
e SW WA Administrator
o Administrator access to all SW WA Moodle courses.
o Ability to invite users to join groups SWWA_Teachers and SWWA_Student.
e TRaCK Teacher
o Teacher access to all TRaCK Moodle courses.
o Ability to invite users to join group TRaCK_Student.
e SW WA Teacher
o Teacher access to all SW WA Moodle courses.
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o Ability to invite users to join groups SWWA_Student.
e TRaCK Student

o Student access to all TRaCK Moodle courses.
e SW WA Student

o Student access to all SW WA Moodle courses.

For testing purposes, users can login to these groups with the accounts track_admin,
swwa_admin, track_teacher, swwa_teacher, track_student, swwa_student. The password
for all these accounts is available on request.

An example workflow for adding a new user to training system via the ACL might be:
* A new employee commences at TRaCK
® The TRaCK teacher logs into the ACL system by clicking on the Training tab.
e The TRaCK Teacher clicks on My Account, then Send Invitations.
® The TRacK Teacher fills in the email address of the new employee, edits the
default message if appropriate and clicks Send.

Send invitation

Send to: *
newemployee@agency. com.au

Reset Password

To role:
TRaCK Students

Default message:

You have 100 invitations left.

+ Send

* The employee will receive the following email.

FRAMEWORK FOR THE ASSESSMENT

OF RIVER AND WETLAND HEALTH

You have been invited to enrol in the FARWH training materials for TRaCK. By creating an
account using the link below, you will be automatically enrolled in all relevant courses which
can be found by clicking on the Training tab.

Invitation link
http://farwh.csse.com.au/acl/index.php/reqister/invitation/b3a395c03ffd72c8f0d7fbfe17d88ff1
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e After clicking on the embedded link, the user will be prompted to setup their
account including selection of a username and password.

My account
Edit my account
Send invitations

ﬂ Participants will be enroled in all TRaCK courses with Student role.
Login

Register

Reset Password
Username: *

Password: *

Password Re-type Password

First Name: *

Last Name: *

Email: *

&) Register

e At this point, the new employee can click on Training and they will automatically
be enrolled in all relevant TRaCK Moodle courses.

The assistance of a Super Administrator may be required to perform certain functions,
such as:

e Change the group(s) of existing users

e Edit the courses and roles associated with existing groups.

e Send bulk emails to group members.

These requests can be forwarded to farwh administrator@csse.com.au

3.2 Training Materials

When a user clicks on the Training tab they will be prompted to login as shown in Figure
8.

é Catchment Simulation Solutions Page | 11



FARWH WEBSITE DELIVERY REPORT

Training Documents Contact Us

- - TRAINING PORTAL

=1 SO /) Your are not logged in!

v Please use the form below in order to access areas that require you to be authenticated.

Reset Password

Login

Credentials: *

Username Password

[] Remember me

. Login

Guest Access

Some areas of this site may allow guest access.
To log in as a guest click the button below.

1 Login as Guest

Figure 8: Login Screen

Once the user enters their username and password, they will be forwarded to their My
Moodle page. This is a customisable page and the user can set it up as they see fit
including Moodle blocks, RSS feeds and other features. The My Moodle page is depicted
in Figure 9.

Users that are not registered can click the Login as Guest button. This will give them
access only to courses that are setup for public access. Presently, there are no training
materials available for the public. However, this feature can be used for publically
accessible training materials in the future such as volunteer training.
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Contact Us '

FARWH: Overview of my courses
FARWH »= Overview of my courses [ Edit this page 1

ONLINE USERS AR T et Cr G Haduls CALENDAR

minutes - - December 2010 >

Sun Mon Tue Wed Thu Fri Sat

1 2 3 4
5 6 7 8 9 10 11
12 13 14| 15| 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30 3

anE

TRa
delineation and sit

TRaCK training materials for

Catchment Disturbance index.

Figure 9: My Moodle Page

After a user clicks on one of their courses, they will be delivered to the course homepage
as shown in Figure 10.

¥OU ARE LOGGED IN AS TRACK STUDENT - M
— e LR

> — _' Training : ‘ !
.. TRAINING PORTAL

Water Quality (TRaCK Module 6)

FARWH » TRaCK 6

PEOPLE } LATEST NEWS
Name: Water Quality
A (No news has been posted yet)
23 Participants Summary:
Water Quality
RECENT ACTIVITY
ADMINISTRATION
Il Grades Contents
B erofile Module & - Water Quality Theme
) E water Quality(Score: 100)
MY COURSES
UPCOMING EVENTS =
TRaC Mode: © Preview @ Normal There are no upcoming events
_Enter |

Figure 10: Course Homepage

The course homepage gives users access to the training material as well as any news,
forums, grades and a calendar (if required). The Contents block lists the learning module
in the course. From a technical perspective, this isa SCORM compliant eLearning module
developed in Lectora. SCORM is an industry standard for eLearning materials. Developing
content in a SCORM compliant tool will ensure compatibility with all modern eLearning
systems. By clicking on the Module name, the user is directed to the training content.
Moodle will allow advanced features such as taking the users to the place in the material
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where they have previously been up to and recording all their interactions with the
material. These trainee interactions can then be viewed by all users with Teacher or
Administrator privileges. An example of the training content can be seen in Figure 11.

Fg The survival of in-stradm aguatic biota s dependent on the ualty of water they ke in. The Water Qualty Theme considers the effects on
Water Quality biota of shert and long-term changes in water Qualty characteristics, induding suspended sediment, total rutrient concentrations and

Overview Bakoity bty (NWE, 007, The rmany sfuences on witer Guality in the met dry ropics nchide, srsased redment loads asscasted with

Reading Material Land deaing, grasng. agncullure and late dry-season fres, and manent polluton from agnoultural and pastor sl land-uie

""':“‘"” Quality Index il e wister Quatty index (WG] for the wet dry tropecs is resresented by “dry-season base-flow water qualty”. Potential thraats to water
I":t:::lr BERRIERH .uicy o concentated during the dry saason, when water bevels and fows are lowest in comparison with the large, diutng and gty
st} vaeiabie Bws charactanstc of the et 630N, In the wet-Ory UEgCs, dry-58350n Samong tharefors CIOIES water Qualy 3t 3 teme
Method when threats are mast Wisly to have an imaact on the scological health of the rver
Worked Example
Worked Example
Summary
Summary
References
References

Figure 11: Course Training Material

Each training course includes a self-test quiz at the end of the module. Once the user has
completed the quiz, they will receive their score and get feedback related to incorrectly
answered questions. Administrators and Teachers can also view results from all quiz
attempts.

The training material currently covers 9 topics, or modules:
e FARWH Introduction (Module 1)
Reach delineation and site selection (Modules 2 and 3)
Catchment disturbance (Module 4)
Hydrological disturbance (Module 5)
Water quality (Module 6)
Physical form (Module 7)
Fringing zone (Module 8)
Aquatic Biota (Module 9)

The training modules do not include all information presented in the FARWH project
reports; instead, they present recommended methods for future FARWH assessment. For
complete information on FARWH trials and development of methods trainees are
directed to the project reports, also available on the website.
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Modules 1-3 cover general FARWH concepts including the purpose, role and structure of
FARWH, and site and reach selection for assessment. The remaining 6 modules cover the
6 FARWH themes. Included in each theme module is:
® 3 detailed method for completing desktop and field assessment
* all required equations and scaling information (bands, weightings etc)
e worked examples demonstrating score calculation and index integration and
aggregation
e self-test quiz
e printable PDF summary of all equations, bands and weightings etc for practioner
reference (as shown in Figure 12).

skope. Gullying s present where sroded disinage lines flow inte  Integration and Aggregation

the stream and are not stabilised by vegetation. Bank undercutting Compare Bank Sability sub-index scores for each test she (O) 1o
ococurs when material is removed from the base of a slops (such reference siels (E) for the SWMA (Ses Relerence Condition section
a8 by wave action) keaving an unstable overhang. for determining relerence shes).

Tip: i more than one rebemsnce site adets for the SWMA, then the
E score i an wwerage of all refermnce sies. Likewise, if & reach i
reproaenied by more than one she then s scores are avernged 1o
produce a singls FARWH reach soore,

1. Geals sach Bank Stability sub-index 'O score 10 the relerence
soore E 1o produce an OVE for sach 1a6t sie by filing out the tabls
bedow (nddd rows as necessary). Cop tast site soores at 1.0 they
ecesd 12

Fasd
Tree ca

3. Combine the percent of rees with roots eqposed and e area of

exposd 1oy,

4. Assign a rank using Table 1b. Where an asssssment reach has Bank Reference | Test Site |Test Site OE | Capped
multiple transects, the ee root exposure scores are mvemged 1o Stability Site (E) (o) = (1.0E)°0 | Score
produce ond scors for the naseasmant reach.

Tost Site 1 |
Tree root exposure Tost Site 2 | |
gory L.—_" F .':_:'_ :.":-I_._ . !'e ] i
axposed ’ . = 2, Avernge reach OE scores per stream order and determine
. g bength 1o the total b 1 ot table below)
20-100% of »283 1 Slumping, Gullying, Undercutting 1c
plants — 1 Combined of srosion within transect Sears Stream | Stroam | () No.of | (A)
an 2 i) Weighting | No.of Average
order | length | (o ot otal | renches | MPle
>213 2 20-100 1 {lam} Jength) reaches | scors
5-20%of 1323 3
plants 10-20 2 18t
<113 3 10 3
>273 | @ - nle=
5% of plants 13273 4 <5 4 Ird
<13 | s No srosion 5 ah
Sth
c-e5] ing, Gullying and Undercutting Converslon of TRARC Indicator scores to

1. Estimate the level of srosion caused by slumping along the entine FARWH scores Gth
length of the transect {ses Figure 5). 1. Convert the five srosion indicatorns from TRARC sooves 10 a

2. Estimate the level of ercalon caused by gullying along the entire FARWH Bank Stability sub-index, by avemging the two lowest Total
length of the transect. g erosh P 4 Shumping, Gullying ] SWMA 1

3. Estimate the level of erceion caused by undercutiing akng the and multiply the avemge by the sum of e remaining components
entie langth of tha ansect. (Equation 1).

l:”“z;mwmw Gullying and Undercunting) Equation1 BS = ((Average the two lowest scores of §,G,U) x (ES+ER+highest of 5,G,U)) - 3

5. Where an assessmant reach has mulipls rarsects, the scoreas for 75
mhwﬂﬂlulm‘mﬂlop{oﬁm.mm‘]m Whete BS s the FARWH Bank Swability sub-index score; 5 is the average Slumping component score; G ls the average Gullying component
woote for th score; U s the avernge Undecutting component scors; ES is the average Exposed Soll scors; and ERis th ge Exposed Tres
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Figure 12: Sample from PDF Summary Sheet

A FARWH glossary has also been integrated into the training portal. The glossary contains
definitions for all acronyms, initialisms and technical terms used in the FARWH
documents and training material. The glossary is interactive with the training contents,
with all terms included in the glossary hyperlinked.

3.2.1 TRaCK FARWH Training

Training material for the TRaCK FARWH project includes all of the listed above. Content
has been reviewed by FARWH project staff and is ready to be used by staff and volunteers
as required. It is envisaged that no changes will need to be made to the TRaCK training
content until the FARWH method is modified.

3.2.2 South west Western Australia Training
The south west Western Australia (SWWA) FARWH training material consists of 9
modules that each include the following:
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* method for completing field and desktop methods

® some equations and scaling information (bands, weighting etc)

* some worked examples demonstrating score calculation and index integration and
aggregation

Training content was developed using the July 2010 SWWA FARWH Trials Report and has
not yet been reviewed by FARWH project team members. To align the SWWA training
website and content with project needs the following should be completed:

® update training material to match 2011 SWWA FARWH Trials Report (when
released)
create printable PDF summary of each module
ensure all equations, bands and scales are provided
complete thorough worked examples for each module
complete self-test quizzes for module 4-9
Review of all materials by SWWA FARWH project team.

As the TRaCK program includes tropical northern Western Australia, government staff
from this state should access the TRaCK FARWH training website.
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4 REeSULT MAPPING & PUBLICATION

4.1 Introduction

The result mapping and publication component of the website allows the public and any
other participant to generate maps and interrogate FARWH results. The main features
that are mapped are Surface Water Management Areas (SWMAs) and river reaches.
These features are by nature polygons and polylines respectively. Each feature has a large
amount of non-visual data associated such as an overall FARWH score as well as scores
associated with each index and the individual sub-indices that contributed to them. The
mapping component of the website is specifically designed to provide easy to use, yet
powerful tools to interrogate the attached data.

4.2 Mapping Introduction Page

When a user clicks on the Mapping tab, they will be shown an overview map that lists all
agencies with data on the mapping site and displays the locations of their SWMAs. When
a user scrolls over their logo or their catchments, the SWMA labels will be shown and the
Agency logo will be highlighted. By clicking on the logo or SWMAs, the user will be
directed to the mapping pages with the map automatically setup to focus on these
regions. This page also includes a link to map all data and watch a video demonstrating
the functionality of the entire mapping site.

This video provides a good overview of the mapping functionality can be viewed at:
http://farwh.csse.com.au/mapping/how to mapping site.html.
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Mapping

|Map all Data |
How to use the
|mappln¢ site |

Figure 13: Mapping Introduction Page

4.3 Mapping Interface Page

Once a user has clicked on a SWMA on the mapping overview page, they will be directed
to the mapping interface with the SWMAs of interest in the centre of the screen. An
example of the mapping interface is shown in Figure 14.
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Figure 14: Mapping Interface

The mapping interface consists of 4 main components:
Layer Control including toolbar and dropdown boxes
Properties Block

Theme Scores Block

Contributing Indices Block

The Properties, Theme Scores and Contributing Indices block all operate in both a sidebar
and maximised style. They will update automatically based on selections made in the
mapping interface but full functionality can be obtained by clicking the magnifying glass
icon to enlarge the block.

All of these blocks are described in detail in the following sections.

4.4 Map Control

The map control component allows users to manipulate the mapping display in the centre
of the screen. The Layers Block allows individual layers to be turned on or off. The Toolbar
includes many controls to zoom the map, print the map and select one or more reporting
units (typically SWMAs or river reaches).
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& zoome QA & Q& Map FARWH Scores fur::o_\_rera__ISoore V Select feature: 6172028 ~
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Figure 15: Map Control

By default, the map displays both SWMAs and river reaches (reporting units) colour coded
by their Overall FARWH Score (this is the minimum of all reported index scores for the
feature). However, the map can be customised to colour code the SWMAs and reaches by
the score for any index, sub-index or component using the ‘Map FARWH Scores for’
control. An example of using this control is shown in Figure 16.

Map FARWH Scores for: | Physical Form v/

Overall Score
Hydrologic Change
Physical Form

Frii  Adificial channel

W Longiusina Comnecivity |

Agu  Erc Major dam
CatCimmess  Minor dam

Gauging station

Road/ rail crossing

Figure 16: ‘Map FARWH Scores for’ Control

After using the ‘Map FARWH Scores for’ control, you will see that the map is refreshed
and only those SWMAs and reaches with data available for the selected index, sub-index
or component will be shown. The colour of these features will then represent the feature
scores for the selected index, sub-index or component. The tooltip displayed when users
hover over an available feature will also reflect the selected index, sub-index or
component. This is shown in Figure 17.
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Figure 17: Customisation of Results using ‘Map FARWH Score for’ control

Several of the mapping components, particularly the Properties Block and Theme Scores
Block, provide functionality for comparing the scores for multiple reporting units. To
select multiple SWMAs or river reaches, users can hold down the SHIFT or CTRL buttons
while clicking on individual reporting units, or drag a selection rectangle around multiple
reporting units.

For the Contributing Indices Block which can only display the result for one feature at a
time, the Select Feature drop box can be used to select which feature is being reported.

4.5 Properties Block

The Properties Block provides a tree style grid based analysis of the FARWH scores for one
or more selected reporting units. It includes the following features:
® The tree can be expanded to show each level of index, sub-index and component
that contribute to the parent indexes.
® The method statement from the relevant report can be viewed by clicking on the
name of the measurement (eg., Diel Dissolved Oxygen).
® The score for the index, sub-index or component is shown in blue and the
background colour is indicative of the extent modified.
* The length of the bar underneath the score is indicative of the proportion
contribution of the measurement to parent index score.
e |f the user hovers the mouse over a grid cell, a tool tip will display the exact score
and percentage contribution.

A sample of the Properties Block is shown in Figure 18.
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Figure 18: Properties Block

4.6 Theme Scores Block

The Theme Scores block provides a radar chart illustrating the results for each index
reported for the selected reporting unit. An example of the Theme Score Block is shown
in Figure 19.

THEME SCORES

-I\'DROLOF[C CHANGE

WATER QUALITY AQUATIC BIOTA

PHYSICAL FORM FRINGING ZONE

6170306 B 6172028

Figure 19: Theme Scores Block
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Arguably, the area enclosed by the shape of the radar chart can provide some insight into
the overall health of the selected reporting unit(s). For example, for the features

presented, the orange series scores poorly in comparison to the blue series for all 6
reported indexes.

4.7 Contributing Indices Block

The Contributing Indices Block visually represents all measurements that have
contributed to the selected FARWH reporting unit as a multi-level pie chart. The size of
the pie segment reflects the percentage contribution of the measurement to its parent
index score. The colour of the pie segment reflects the score (extent modified) of the
measurement. An example of the Contributing Indices Block can be seen in Figure 20.

CONTRIBUTING INDICES
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Eraskon Aguatic Biota

Fringing Zone

Extent of fringing zone

Fringing zone length MNativeness

Fringing zone width
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Figure 20: Contributing Indices Block

Similarly to the Properties Block, a user can view the method statement associated with a
measurement by clicking on the pie segment.

The notes associated with the pie chart will include all measurements conducted as part
of that index, regardless of whether they are incorporated in the final index score. Some
measurements may be excluded from the final score by procedures such as the
Precautionary Approach for the Water Quality Index in which only a subset of the
measurements taken will actually contribute to the final Water Quality Index score. The

notes will also indicate the minimum reported index score which informs the overall score
which is shown in the centre of the pie chart.
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4.8 Data Management

The mapping interface has a complex database structure that is needed to facilitate the
powerful tools described in the preceding sections. A key challenge involved with adding
new data to the system is conversion from the Client data specification to the required
database format. The development team has developed several Excel macros tailored to
TRaCK and SW WA data formats. However, these macros will likely need to be revised
whenever new data is provided or new data custodians wish to displays results within the
mapping interface.
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5 NEXT STEPS

The website is currently being hosted on a temporary domain http://farwh.csse.com.au.
In the future, it is anticipated that the website will need to be moved to a government
domain such as http://farwh.water.gov.au. This domain will need to be acquired in due
course.

The website is currently hosted on two virtual servers, a Window MapGuide Enterprise
server for the mapping interface and a Linux webserver for all other components of the
website. CSS is currently hosting these services and is happy to continue to do so for the
immediate future of the project. However, at some stage, plans will have to be put in
place to provide hosting and maintenance resources for the website. Some basic hosting
and maintenance forecasts have been reproduced below from the concept design report.

5.1 Hosting

There will be hosting costs associated with the website. These cannot be accurately
quantified until the site traffic is better known but an amount of $400-S800 per month
(for the centralised and mapping servers) would be a reasonable starting point for
budgeting.

5.2 Maintenance

Regardless of the exact nature of the hosting setup, there will be maintenance required
to keep the website operational. These maintenance requirements can be broken down
in to data / content maintenance, software maintenance and hardware maintenance
(unless hardware is leased via VPS or dedicated server).

5.2.1 Data / Content Maintenance

The content including the training and public facing pages will need to be kept up to date
and developed as FARWH techniques evolve. The mapping data will also need to be
updated as new results are generated.

The updating and management of this data will probably be the most significant cost
associated with keeping the website operational. A rough estimate might be that this may
require 3 person days per month from each Agency.

5.2.2 Software Maintenance

Each of the software packages used in the site (Joomla, Moodle, MapGuide, LDAP etc) as
well as the underlying server architecture (PHP, 1IS, MySQL, Windows Server etc) will need
to be kept current to ensure the site security and function. Testing will also need to be
carried out to ensure site features are not affected by updates to any of the installed
packages. A rough estimate would be 1.5 person days per month for fully managed
software maintenance.
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It is possible that there may also be some software/data lease requirements for the
commercial products used in the solution, particularly Fusion Charts and MapGuide
Enterprise.

5.2.3 Hardware Maintenance

In the case that the server is owned by the project, it may need to be replaced towards
the end of its lifecycle. We propose to utilise a Hypervisor (VMWare) to ensure the site
can be easily migrated as a Virtual Machine however the migration process and server
hardware costs will need to be factored in. If the hardware is leased then the hosting
costs will likely be higher to allow for server replacement and migration to be undertaken
by the hosting provider. A rough estimate would be 0.5 person days per month for
hardware maintenance.
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Glossary of terms

FARWH-specific terms:

Theme
(FARWH)

Index (FARWH)

Sub-index
(FARWH)

Component
(FARWH)

Indicator or
measure

General terms

Ephemeral

Episodic

Intermittent

Seasonal

Permanent or
near-permanent

The FARWH identified six themes that represent the ecological
integrity of the river system. They are Catchment Disturbance,
Hydrological Change, Water Quality, Physical Form, Fringing Zone and
Aquatic Biota.

The suite of indicators and associated integration scoring protocol,
within each FARWH theme; for example, the Aquatic Biota index
incorporates indicators for fish health and macroinvertebrate health,
and the method for integrating scores.

Referring to the indicators within each FARWH index, e.g. the Fringing
Zone index has two sub-indices: extent of fringing vegetation and
nativeness.

Indicators contributing to a sub-index (see above).

Something used to gauge another thing; for example, sedimentation is
an indicator of erosion. Used interchangeably within scoring hierarchy
above.

Only filled [flows] after unpredictable rainfall and runoff. Surface water
dries within days of filling [flowing] and seldom supports macroscopic
aquatic life (adapted from Boulton & Brock 1999 by AETG).

Annual inflow [flow] is less than the minimum annual loss of 90% of
years. Dry most of the time with rare and very irregular wet phases and
may persist for months (adapted from Boulton & Brock 1999 by AETG).

Alternately wet and dry every year but less frequently and regularly
than seasonal wetlands [systems]. Surface water persists for months to
years (adapted from Boulton & Brock 1999 by AETG).

Alternately wet and dry every year, according to season. Usually fills
[flows] during the wet part of the year and dries predictably and
annually. Surface water persists for months, long enough for some
macroscopic plants and animals to complete the aquatic stages of their
lifecycles (adapted from Boulton & Brock 1999 by AETG).

Predictably filled [flows] although water levels may vary. Annual inflow
> minimum annual loss in 90% of years. During extreme droughts,
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(perennial)

Diadromous

Catadromous

Anadromous

Potadromous

Euclidean
Distance

these wetlands [systems] may dry. Much of their aquatic biota cannot
tolerate desiccation (adapted from Boulton & Brock 1999 by AETG).

Describes the horizontal migration of fish between fresh and salt water.

Describes a sub-set of diadromous fish which specifically live mostly in
fresh waters but breed in oceanic waters.

Describes a sub-set of diadromous fish which predominantly live in the
ocean, but breed in fresh waters.

Describes the migration of fish entirely within freshwater systems.

The distance as measured in Euclidean space; that is, as one would
with a ruler. In the FARWH it is used to measure how different a reach
is from the reference condition using information from the measures
comprising an index or sub-index (NWC 2007a).
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Shortened forms

ABI

ACSI
AETG
ALCC
ALUM
ANAE
ANZECC
ARL
ARC
ASWMA
ARMCANZ

AUSRIVAS
AWR
AWRIS
BPJ
BRS

BS
CRCCH
CDI
CENRM
CFEV
CHEAT

CRD
CcVv

DAFWA
DEC
DEM
DEWHA
DO

Aquatic Biota index

Artificial channel sub-index

Aquatic Ecosystem Task Group

Agricultural Land Cover Change

Australian Land Use Management classification

Australian National Aquatic Ecosystem

Australian and New Zealand Environment and Conservation Council
Aquatic Research Laboratory (University of Western Australia)
Australian Assessment of River Condition

Australian Surface Water Management Areas

Agriculture and Resource Management Council of Australia and New
Zealand

Australian River Assessment System

Australian Water Resources

Australian Water Resources Information System

Best professional judgement

Bureau of Rural Sciences

Bank stabilisation

Cooperative Research Centre for Catchment Hydrology
Catchment Disturbance index

Centre of Excellence for Natural Resource Management
Conservation of Freshwater Ecosystem Values program

Complete Hydrological Evaluation of the Assumptions in TEDI (Tool for
Estimating Farm Dam Impacts)

Completely randomised design

Monthly variation (coefficient of variation of monthly flows between
current and unimpacted conditions)

Department of Agriculture and Food Western Australia
Department of Environment and Conservation, Western Australia
Digital Elevation Model

Department of the Environment, Water, Heritage and the Arts

Dissolved oxygen
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DoWw
DPIPWE
EE

EFZ
EHMP
EMAP
EPA
EPT
ESI
EVC
EXP
FARWH
FCFC
FCSI
FSR
FVL
FVW
FZI

GA

GIS
GPP
GS

HCI

HF
HYDSYS

ISC
ISI
LCCSI
LUSI
LCSI
LF
LIDAR

Department of Water

Department of Primary Industries, Parks, Water and Environment
Erosion extent

Extent of fringing zone sub-index

South East Queensland’s Environmental Health Monitoring Program
Environmental Monitoring Assessment Program (US EPA)
Environmental Protection Authority

Macroinvertebrate orders Ephemeroptera, Plecoptera and Trichoptera
Erosion sub-index

Ecological Vegetation Class

Expectedness (component of fish/crayfish sub-index)

Framework for the Assessment of River and Wetland Health
Forest Cover Flow Change

Fish/crayfish sub-index

Flow stress ranking

Fringing vegetation length

Fringing vegetation width

Fringing Zone index

Geoscience Australia

Geographical information system

Gross primary production

Gauging station

Hydrological Change index

High flow

A PC-based hydrologic data package, widely used throughout the water
industry in Australia

Victorian Index of Stream Condition
Infrastructure sub-index

Land cover change sub-index

Land use sub-index

Longitudinal connectivity sub-index
Low flow

Light Detection and Ranging data

Department of Water
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MSI Macroinvertebrate sub-index

M;D Major dam

MnD Minor dam

NATkc Nativeness (component of fish-crayfish sub-index)
NATgz Nativeness (component of fringing zone sub-index)
NATA National Association of Testing Authorities

NATMAP National topographic map series 1:250 000 scale
NDVI Normalised Difference Vegetation Index

NLWRA National Land and Water Resources Audit
NLWRA | National Land and Water Resource Audit mark |

NNRMMG&EF Natural Resource Management Ministerial Council, Natural Resource
Management Monitoring and Evaluation Framework

NMI National Measurement Institute

NOAA National Oceanic and Atmospheric Administration
NRM Natural resource management

NSW New South Wales, Australia

NVIS National Vegetation Information System
NWC National Water Commission

NWI National Water Initiative

O/E Observed/expected ratio

o/P Observed/predicted ratio

Pap Proportion native abundance

Psp Proportion native species

PFI Physical Form index

P/R Photosynthesis/respiration ratio

PZ Proportion of zero flow

QA/QC Quality assurance/quality control

RBD Randomised block design

RHP River Health Program (South Africa)
RHAS River Health Assessment Scheme
RHCG River Health Contact Group

RIVPACS  River Invertebrate Prediction and Classification System
RNWS Raising National Water Standards program
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RRC
SCDB
SCNRM
SEAP
SedNet
SILO

SKM
SP
SRA
SWIRC
SWMA
SWWA
TASVEG
TRaCK
N

TP
TPS

TRCI
WA
WFD
WIN
wal

Roads/rail crossings

Spatial cadastral database

South Coast Natural Resource Management
Stream and Estuarine Assessment Program
Sediment Network modelling software

A Bureau of Meteorology web service aimed specifically at agricultural
areas

Sinclair Knight Mertz consultants
Seasonal period

Sustainable Rivers Audit

South-West Index of River Condition
Surface water management area
South-west Western Australia
Tasmanian Vegetation Mapping program
Tropical Rivers and Coastal Knowledge
Total nitrogen

Total phosphorus

Manufacturer (brand) of dissolved oxygen and temperature meters
used for SWWA-FARWH trials

Tasmanian River Condition Index

Western Australia

Water Framework Directive (European Union)
Department of Water’'s Water Information Network

Water Quality index

Department of Water

223



The FARWH for flowing rivers of south-west Western Australia: project summary and results

Data sources

The Department of Water has produced the maps in this publication with the intent
that they be used in this report only. While the department has made all reasonable
efforts to ensure the accuracy of these data, it accepts no responsibilities for any
inaccuracies, and persons relying on them do so at their own risk.

The department acknowledges the following datasets and their custodians in the
analysis of data and the production of the maps. Please contact the relevant
custodian for further details about the data. For data produced during the SWWA-
FARWH project, including scores and spatial datasets, please contact Tim Storer,

Water Science Branch, Department of Water.

Table 22 Data reviewed within the south-west FARWH trials

Dataset name Custodian Metadata Period Data used or reviewed/
year (for GIS covered comments
data) by
dataset
SWMA and study area
Australian Surface  Geoscience 2000 1999— Vector dataset, boundaries of
Water Australia (GA) 2000 SWMA across Australia.
Management U . .
sed as unit for reporting scores
Areas (ASWMA) and for illustration (maps).
2000
Natural Resource Department of 2006 2005 Vector dataset, NRM regions for
Management Water Natural Heritage Trust (NHT2) /
(NRM) Region Heritage and National Action Plan for Salinity
Boundaries Arts (DEWHA) and Water Quality (NAP)
programs for WA.
Used to define project boundary
and for illustration (maps).
Reaches
Australia — DEWHA 2008 2001 Vector dataset, created for the
Assessment of NLWRA. Reaches were defined
River Condition using a nine-second DEM.
Eli{r?:v(\:/g)azso,g;{ c Used as unit for_ reporti_ng
h scores, and for illustration
reaches) (maps).
Reconstructed Department of  Unpublished, 2009 Vector dataset, created during
reaches Water (DoW) contact the SWWA-FARWH project.
Water Science  Water Produced by selecting features
Branch Science from 1:250 000 topographic
Branch mapping datasets which

corresponded to ARC reaches.

Used for GIS analysis to
calculate extent of fringing zone
sub-indicator for FZI and
artificial channel sub-indicator
for PFl in place of ARC reaches.
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Dataset name Custodian Metadata Period Data used or reviewed/
year (for GIS covered comments
data) by
dataset

Watercourses and catchments

Hydrography DoW 2006 Unknown  Vector data derived from

Linear — 2004 topographic mapping at
between 1:25 000 and
1:100 000 scale.

Investigated as a source of data
for farm dams, however coarse-
scale topographic mapping does
not represent these features
accurately enough for analysis
purposes.

Investigated as a source of data
for artificial channel sub-
indicator for PFI, however
inconsistencies were noted in
the distribution of these features.

Used to identify locations of
dams and diversions for the

HCI.
Hydrography DoW 2007 1995 Vector data derived from
Linear Hierarchy 2007 topographic mapping at
(also known as between 1:25 000 and
‘Rivers’) 1:100 000 scale. Mapped

streamlines with attributes for
hierarchy (main stream, tributary
etc.)

Used to identify estuarine
portions of reaches for reach
validation, and used as a
secondary data source for
hydrological validation of

reaches.
Hydrography GA 2006 2001- Vector dataset, national
theme 2006 topographic mapping at
(watercourse lines, 1:250 000 scale.

canal lines, lakes,
reservoirs) from
GEODATA TOPO
250K Series 3

Used to calculate artificial
channel sub-indicator scores for
PFI.

Used to note presence of
waterbodies during reach
validation process.

Department of Water 225



The FARWH for flowing rivers of south-west Western Australia: project summary and results

Dataset name

Custodian

Metadata
year (for GIS
data)

Period
covered
by
dataset

Data used or reviewed/
comments

AusHydro v1.0

Hydrographic
Subcatchments

Sustainable
Diversion Limits
(SDL) catchments

Subcatch reach
geog

Farm Dams

GA / Bureau of
Meteorology
(BoM)

DoW

DoW / Sinclair
Knight Merz
(SKM)

University of
Canberra

DoW

Draft
metadata
2009, final
metadata
due May
2010

2007

2008

No metadata

2008

Unknown

1993-
2007

n/a

Unknown

2006-
2008

Vector datasets, seamless
surface hydrography data for
Australia. Broadly based on data
from GEODATA TOPO 250K
Series 3 with additional data
added.

Beta version investigated for use
to generate Reconstructed
reaches, however data was
embargoed until final version
was released.

Vector dataset, catchment
boundaries defined based on
topography.

Used to calculate catchment
areas for HCI.

Spatial dataset created for SDL
study (SKM).

Used to determine which
indicator gauges to use in
ungauged areas.

Vector dataset, catchments
generated for reaches from a
nine-second DEM (see ARC
reaches).

Used for GIS analysis of
disturbance datasets to
calculate CDI scores.

Vector dataset, detailed
mapping of farm dams from
aerial photos and satellite
interpretation.

Investigated for use in HCI and
PFI but coverage was limited to
small portion of study area.

Hydrology and climate

SILO patched point

data (rainfall and
evaporation)

BoM/
Queensland
Government

Not
applicable
(non-spatial
data)

1991
2008

Rainfall and evaporation daily
time series.

Input for FCFC which was used
to create reference condition for
HCI.
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Dataset name Custodian Metadata Period Data used or reviewed/
year (for GIS covered comments
data) by
dataset
Flow data DoW / Water Not 1991- Daily time series data extracted
Corporation applicable 2008 from Department of Water’'s
(WC) (non-spatial internal database or sourced
data) from Water Corporation.
Used for current condition and
for input to FCFC to create
reference condition for HCI.
Mean Annual DoW 2005 1975— Vector dataset, rainfall surface
Rainfall Surface 2003 based on the mean annual
(1975-2003) — rainfall for the standard 28 year
Southwest WA period 1975-2003.
Used to calculate mean annual
rainfall and mean annual
discharge for sites for
macroinvertebrate model.
Mean Annual BoM 1999 1961— Vector dataset, mean annual
Rainfall Data (Base 1990 rainfall grid based on the
Climatological Data standard 30-year period 1961—
Sets) 1990.
Used for site selection and
illustration (maps).
Geology and topography
Atlas of Mineral Department of 1999 1999 Vector dataset, geology and
Deposits and Mines and tectonic boundaries mapped at
Petroleum Fields Petroleum 1:2 500 000 scale.
1999 (1:2.500 000)  (DMP) Used for site selection and
illustration (maps).
Spot Elevation GA 2001 1998 Vector dataset, points of known
elevation from the TOPO-250K
Series 2 Relief layer.
Used for site selection and
illustration (maps).
Shuttle Radar National No date 2000 Raster dataset, digital elevation
Topography Aeronautics model constructed at 3 arc-
Mission (SRTM) and Space second (approx. 90 m)
Digital Elevation Administration resolution from shuttle-based
Model (DEM) (3 (NASA) radar.
arc-second) Used for site selection and
illustration (maps).
Land use
Land Use of Bureau of 2006 2001- Raster dataset, 0.01 degree
Australia Version 3 Rural 2002 pixels (approx. 1 km), map of
2001/02 Sciences land use across Australia, based
(BRS) on satellite interpretation (for

agricultural areas) and existing
digital maps (non-agricultural
areas).
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Dataset name

Custodian

Metadata
year (for GIS
data)

Period
covered
by
dataset

Data used or reviewed/
comments

NLWRA Land Use

Department of
Agriculture WA
(DAFWA)

2001

1996
2001

Investigated as an indicator for
land use sub-indicator for CDI,
however the resolution was too
coarse to accurately reflect land
use in the SWMAs.

Vector dataset, land use of
cadastral parcels, based on field
officer knowledge and aerial
photograph interpretation.

Used to calculate land use sub-
indicator for CDI, and for
illustration (maps).

Infrastructure

CALM Operational
Graphic Trails

Railways — WA
State

Road Centrelines
DLI

WA Petroleum
Pipelines

Spatial Cadastral
Database

Department of
Environment
and
Conservation
(DEC)

Landgate

Landgate

DMP

Landgate

2005

2000

2008

2005

2001

1990-
2005

2000

1968-
2008

1989—
2008

1982—
2009

Vector dataset, delineates
location of tracks, based on
mapping from 1:25000 scale
aerial photographs.

Used to calculate infrastructure
sub-indicator scores for CDI.

Vector dataset, delineates
location of railway lines, based
on topographic mapping at
1:25000 scale.

Used to calculate infrastructure
sub-indicator scores for CDI.

Vector dataset, delineates roads
between 1:25000 and 1:100000
scale.

Used to calculate infrastructure
sub-indicator scores for CDI.

Vector dataset, delineates
petroleum pipelines.

Used to calculate infrastructure
sub-indicator scores for CDI.

Database of cadastral
boundaries for WA.

Investigated as a source of data
for infrastructure, however the
database does not represent all
infrastructure types.
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Dataset name Custodian Metadata Period Data used or reviewed/
year (for GIS covered comments
data) by
dataset
Fish Barriers DoW, Water Unpublished, 2009 Vector geodatabase of
Database Science contact structures in WA which have
Branch Water potential to prevent movement
Science of fish/crayfish, compiled from a
Branch number of different spatial
datasets. To date limited
ground-truthing of structures has
been completed, however this is
the only available source of data
on barriers.
Used to calculate longitudinal
connectivity sub-indicator scores
for PFI.
Wild Rivers Australian Unable to Unknown Raster image showing
Impoundments National locate data presence/absence of dams and
layer University or metadata locks at 250 m resolution.
(ANU) Unable to locate data,
evaluation based on description
in NWC 2007b.
Wild Rivers Levees ANU Unable to Unknown  Raster image showing
layer locate data presence/absence of levees at
or metadata 250 m resolution.
Unable to locate data,
evaluation based on description
in NWC 2007b.
Water Information DoW 2006 1901- Vector dataset, points where
Network (WIN) present surface water and groundwater
sites data has been collected.
Used for site selection and
illustration (maps)
Vegetation
Land Monitor Landgate on 2009 Annual Raster dataset, 25 m pixels,
Vegetation Change behalf of the snapshot  maps of extent of perennial
Products: Land Monitor Il datasets vegetation produced from
project interpretation of satellite data.

Vegetation extent
files for relevant
years:
Lm50_south_VegM
ask_200x_mga,
and
Lm50_nwest_Veg
Mask_200x_mga

Used to calculate extent of
fringing zone scores for FZI, and
land cover change scores for
CDL.
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Dataset name Custodian Metadata Period Data used or reviewed/
year (for GIS covered comments
data) by
dataset
Vegetation — Pre- GA 2003 1780s Vector dataset, vegetation
European complexes reconstructed for the
Settlement (1788) 1780s, including growth form of
the tallest and lower stratum,
foliage cover of tallest stratum
and dominant floristic type.
Investigated for deriving
reference condition for
vegetation structure for the FZI,
however the dataset did not
provide sufficient information
regarding percentage cover of
each layer to define reference.
Australia — DEWHA 2007 Pre-1750  Vector dataset, map of major
Estimated Pre- vegetation groups reconstructed
1750 Major for pre-1750s.
Vegetation Groups Investigated for deriving
N NV.IS Stage 1, reference condition for
Version 3.0 vegetation structure for the FZI,
however the dataset does not
provide relevant data.
Pre-European DAFWA 2002 Vector dataset, map of
Vegetation vegetation complexes
reconstructed for pre-1750s.
Investigated for deriving
reference condition for
vegetation structure for the FZI,
however the dataset does not
provide relevant data.
Native vegetation DAFWA 2009 1996— Vector dataset, 1:10000 to
current extent — 2009 1:20000 scale, map of remnant
WA vegetation in WA.
Used for calculation of area of
catchment cleared for HCI.
Agricultural land BRS 2000 1990- Raster dataset, 250 m pixels,
cover change 1990 1995 increase/decreased in woody

-1995

vegetation.

Investigated for calculation of
land cover change indicator for
CDI, however the dataset is less
current and more coarse than
data available from the Land
Monitor Il project.
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Dataset name Custodian Metadata Period Data used or reviewed/
year (for GIS covered comments
data) by
dataset
National Landgate 2007 Annual Raster datasets, 1 km pixels,
Oceanographic (original data datasets maps of fire-affected areas
and Atmospheric from NOAA created from satellite
Administration satellite) interpretation.
%gg’:‘()j lj-\I;Zas Investigated for use within the
2003, 2004, 2005, léwgcli cover change indicator for
2006 and 2007 :
Water quality
Stream salinity DoW No metadata 1985- Vector dataset, modelled salinity
status available 2002 status of rivers in south-west
WA.
Used to calculate salinity sub-
indicator scores for WQl.
Water Information DoW Not Approx. Database of water quality data
Network (WIN) applicable 1960 to collected by Department of
(non-spatial present Water and other agencies.
data) Used to calculate total nitrogen,
total phosphorus and turbidity
scores for WQl.
Statewide River DoW 2009 1998—- Vector dataset, points where
Quality 2007 data was analysed for water
Assessment quality status and trends.
E%EXVQA) 2004 & Data used for site selection and
for illustration (maps).
Ecology
Freshwater fish Department of  Not 1677 to Database of locations of known
database Fisheries applicable present occurrence of freshwater fish
(DoF) (non-spatial and crayfish species based on
data). literature.
Used to define reference
condition for fish/crayfish
indicator for ABI.
Ecological Values Centre for Not 2006—- Spreadsheet of results from
of Waterways in Excellence in applicable 2007 ecological values study (see
the South Coast National (non-spatial Cook et al. 2008).
Region, WA I\R/IZiZngrient data). Used to define reference
condition for fish/crayfish
(CENRM) (for indicator for ABI.
DoW)
Threatened Fauna DEC No metadata Unknown  Vector dataset of indicative

Database

supplied

locations of threatened fauna,
drawn from the Threatened
Fauna Database.

Used to define reference
condition for fish/crayfish
indicator for ABI.

Department of Water

231



The FARWH for flowing rivers of south-west Western Australia: project summary and results

Dataset name Custodian Metadata Period Data used or reviewed/
year (for GIS covered comments
data) by
dataset
Expected DoW, Water Unpublished, 1988- Spreadsheet of location of
distribution of Science contact present known occurrence of freshwater
freshwater fish and  Branch Water fish species based on
crayfish in SWWA. Science Department of Water sampling
Branch (RHAS and SWWA-FARWH
projects) and a literature review,
created as part of this project.
Used to define reference
condition for fish/crayfish
indicator for ABI.
EWR and EWP DoW 2009 1986— Vector dataset, locations where
Groundwater and 2007 ecological water requirement
Surface Water (EWR) and environmental water
Areas provision (EWP) studies have
been completed.
Used for site selection and
illustration (maps).
Australian River DoW, Water Unpublished, Unknown Spreadsheet of site locations
Assessment Science contact where macroinvertebrate
System Branch (using  Water samples were collected for
(AUSRIVAS) sites  DEC data) Science construction of the AUSRIVAS
Branch model.
Used for site selection and
illustration (maps).
Australia, Interim Environment 2000 1995- Vector dataset, delineates
Biogeographic Australia (EA) 2000 regions based on major
Regionalisation for environmental influences which
Australia (IBRA), shape the occurrence of flora
Version 5.1 and fauna and their interaction
with the physical environment.
Used for illustration (maps).
Contextual data
Australian DoW 2006 Unknown  Vector dataset, coastline of
Coastline, WRC Australia derived from
topographic mapping.
Used for illustration (maps).
Western Australia Landgate No date 1987—- Vector dataset, location of towns
Towns 2001 extracted from the GONOMA
database.
Used for illustration (maps).
Wild Rivers DoW 2006 1995- Vector dataset, delineates
2002 catchments which were
assessed as being undisturbed
and therefore of very high
environmental value.
Used to identify catchments for
scenario testing for HCI.
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The maps have been provided using the following data and projection information:
e Vertical Datum: AHD (Australian Height Datum)
e Horizontal Datum: GDA 94 (Geocentric Datum of Australia 1994)
e Projection System: Map Grid of Australia (MGA) 1994 Zone 50
Original ArcMap documents (*.mxd):
o J:\gisprojects\Project\B_Series\B5047\007b_Final_Report\mxds\
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