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Executive Summary
Preamble

The purpose of the Lake Eyre Basin Rivers Assessment Methodology
Development project was to develop a scientifically based methcdology for
assessing the condition of river ecosystems and catchments in the Lake Eyre
Basin, Community and government have articulated the values of, and threats
to, the Basin watercourses; these have been used as a guide for the scope of
this assessment methodology. The ongoing development and revision of the
assessment methodology will be important to its success in assessing the
condition of river ecosystems and catchments in the Basin. This repor,
Methodology for Assessing the Health of Lake Eyre Basin Rivers provides the
require¢ background resource material to enable proceeding fo the
implementation stage of an assessment of condition of river ecosystems and
catchments in the Lake Eyre Basin.

Background

In this project we have used a subset of physical attributes to classify river
systems throughout the Basin into three primary groups; Headwaters, River
Channels & Waterholes and Terminating Wetlands. This classification has
enabled us to conceptualise function of river ecosystems and to evaluate
indicator applicability and comparability across the Basin. We have developed
illustrative conceptual models to describe the vhysical and hydrological
processes that underpin ecological function in the watercourses and floodplains
of the Basin along with principat ecological processes at different spatial and
temporal scales. Disturbance scenarios are also portrayed in order to facilitate
understanding the rationale for inclusion of specific indicators and the
recommendations given for the assessment approach. The limitations of these
models are discussed. Metadata for relevant natural resource datasets and
information have beaen collated and evaluated along with a comprehensive
review of existing river health assessment schemes.

Indicators

Using these tfools, existing knowledge, and reflecting the values and
management issues, we have devised a list of suggested indicators for
assessing the ecological health of rivers in the Basin. Each indicator is
associated with one of four themes. The themes incorporate the ecosystem
elements pertinent to the healthy functiening of the Lake Eyre Basin rivers,
waterholes and wetlands; they recognise the intricate interrelationships of
climate, hydrotogy, geomorphology, flocdplains and aquatic ecosystems. These
themes are Flood & Flow; Physical Form; Riparian & Floodpfain and Watetholes
& Wetlands. Under each theme are listed the specific attributes that are being
addressed (for example: surface water use, tiparian and fioodplain bicdiversity,
waterhole water quality efc.), and associated with atfributes are suggested
indicators that can be measured in order to provide data for a condition
assessment of the ecological health of Basin rivers and catchments.
Technigues, or methods, for measuring each indicator have been provided; the
indicators (and their measures} have been categorised according to their facility
to be implemented “immediately”, after a "pilot study” or with further “research
and development’. A table of suggested indicators is provided on page iii
(Table E.1)

Assessment Scale

The scales required for an assessment of the ecological health of rivers are
discussed in detail with a purposeful focus on the critical ecological issue of
spatial and temporal scales that are unique to the Basin. Spatial scale divisions
are addressed in the classification of watercourses throughout the Basin and
further in the conceptual models. The classification suggests the principal units
in the Lake Eyre Basin are Headwalers, River Channels & Waterholes and
Terminating Wellands. For each of these units the assessmeant scales, both
spatial and temporal, for suggested indicators are considered. The implications
of upstream and downstream impacts to site selection and indicator utility and
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assessment validity have been considered so that the Basin wide implications of
a particular management strategy andfor, issues of information transference
from a smaller spatial unit to a larger spatial unit, are recognised. The divisions *
of local, regional, catchment and basin are discussed in this context and tables
of suggested indicators in the indicator methods section include a summary
about which units {ie. Headwaters, River Channels & Walerholes and
Terminating Wetlands) refate to individuat indicators.

Site Selection

The advised assessment approach for each unit; Headwaters, River Channels &
Waterholes and Terminating Wetlands encompasses scale, frequency and
development of specific assessment approaches. Sites that are associated with
existing datasets or programs are used to illustrate the principles of site
selection, which are referred to in the indicator methodology. The final group of
indicators that is chosen for the assessment will be a foremost determinant of
site selection.

Sampling Design

For each indicator a detailed account of its applicability and limitations and a
provisional sampling protocol is provided in the indicator methodolegy. Decision
tools have been included in order to proceed with an implementation framework
that will support an ecological health assessment using the provided
methodology. A specific decision tool is provided for indicator selection that
starts at spatial and temporal scales and encompasses consideration of initial
condition, indicator variability and required statistical power. The final protocol
for sampling design will be developed depending on the actual group of
indicators that are implemented in order to achieve the assessment of riverine
gcological health. :
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Summary of Suggested Indicators

Tabhie E.1 Summary Table of Suggested Indicators within each Theme for detecting the change in condition of different regions (Headwaters (HW), Channels & Waterholes (C8W),
and Terminating Wetlands (TW)) of the Lake Eyre Basin, Implementation categories: “Immadiate” = could be implemented straight away, “Existing Data” = there are existing data which
could be used to generate {ong-term trands, “Pilot Study” = the methodolagy exists but to be adequately used as an indicator in this context in the LEB would require a pilot study - and
could be considered for implementation in the short-term, “R & D" = this would be a useful technique but its use as an indicator would require some research and development and its
implementation would need to be considered in the long-term.

[

Theme Attribute Suggested Indicator Types of measurement Implementation gg%on
Valume of Water Held in Storage Upstream water licensing information Immediate
{% increase or decrease hetwean
assessment times) Upstream area (volume) of water stored Bilot Stud
calculated from satellite imagery y
Watar Use
Water licensing information Immediate
Percent of Flow Diverted Area (volume) of sater dvertad caloulated
rea {volume) of water diverled calculate .
from satellite imagery Pllat Study
Flow & Flood Long-term variability (& changes in variability) Pilt Stud
In amplitude, fraquency and duration of floads y
Hydrological Variability | Flow Variability at Gauging Stations Lang-term changes in variability of multi- Pilot Study
annual flows
Predictability analyses Pilot Study
Flood Extent . .
Flood Exient (current compared with modeled Cha’.‘ges n the discharge vs. Flaod extent Immediate
relationship
from past flood events)
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Theme Attribute Suggested Indicator Types of measurementi Implementation Region il
R|panan & Floadplain vegetation taxa Pilot Study
richness
Riparian and Floadplain I oo Riparian & Floodplain vegetation functional .
Biadiversity Riparian & Floedplain Biodiversity diversity Pilat Study
Riparian & Waterhird assemblage .
camposition & diverslty Immediate
Riparian Cover Indax Immediate
Riparian Composition & Extent — -
o ' Rtpanan SLATS —using TM and ETM+ Pilot Study
Riparian Vegetation Images
. | Condition Riparian Recruitment & - , .
Riparian & Flocdplain Regeneration Riparian Regenaration Index Immediate
Riparian Percent Exotics Riparian NATIVES Index Immediate
Flaodplain Cover Index Immediate
Floadplain Compasttion & Extent -
Floodplain SLATS - using TM and ETM+ Pilot Study
Floodplain' Vegetation images
Concition Floodplain Recruliment & . ) .
Regeneration Floodplain Regeneration Index Immediate
Floodplain Percent Exotics Floodplain NATIVES Index

Immediate

"In the headwater region, where true floodplains do not exist, these measures wollld be undertaken on catchment vegetation.



“Inthe headwater region, where true floodplains do not exist, these measures would be undertaken on catchment vegetation.
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Theme Attribute Suggested Indicator Types of measurement Implementation Region
Taxa richness
Aquatic Macroinvertebrate " Pilot Study
Assemblage Cemposition Modified SIGNAL Score Existing Data
Waterhole & Wetland AJSRIVAS Scores
Biodiversity Fish Assemblage O/E 50
) - o Immed|ate
Fish Assemblage Diversity % Exofic Individuals (abundance) Existing Data
Recruitment
Conductivity (salinity)
Waterholes & H
Wetlands p
Turbidity .
WGty | Waer Cuslty Sising Dae
/ Diel range in dissolved oxygen
Diel range in water temperature
Nutrients (Tatal N and Totai P)
Benthic metaholism
Waternole Process & Ecosystem Processes Algal Biomass & Composition Pilot Study

Funetion

Carbon & Nitrogan Stahle Isofope Analysis
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. . Region
Theme Aftribute Suggested Indicator Types of measurament Implementation
) . i R&D
Flocdplain geomorphic complexity
Pliot Stud
JCnngr?t? System Ghannel System Integrity Channel Complexity y
Physical Form ' — . Pilot study
Within Waterhaole complexity
] . ‘ ) ] R&D
Erosion Potential Ergsion Potential Landscape Function Analysis
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Assessment Approach
Spatial Scale

The suggested indicators can be sampled and collected at sither a local scale
(site based measurements), regional scale (multiple site measurements,
regional surveys or remotely sensed data) or for the hydrological indicators at
the catchment scale (see Tahle E.2).

Local Scale Assessment

With assessment at the local scale hoth strategic and random sites should be
used within the confines of budgets. Strategic sites will include Wetlands of
National significance, Ramsar sites or other strategic conservation sites as well
as established monitoring or research sites with existing data. Most measured
ecological variables, however, will demonstrate considerable variation in space
and time across many scales (Downes et al., 2002). To increase the power of
any of the indicators to detect change over the large spatial scales evident
within the Lake Eyre Basin it will be necessary fo quantify the within location
variability, as compared to the hbetween location variability. To this end random
sample sites should be positioned around strategic sites, such that several sites
are sampled scattered over specific locations at each sampling time (see
Downes et al., 2002; Page 129},

The number of sites racommended in Table E.2 will include both strategic and
random sites. For example, the 20 recommended sites for the Headwater
region may include 4 locations, with one strategic site in each location and 4
random sites. The positioning of random sites with strategic sites for the
terminal wetlands will be difficult and thus 10 terminal wetlands should be
monitored across the LEB with location grouping where possible.

For indicators measured at the "local” scale a site-based assessment of health
will be generated, the condition assessment wilf be relevant only at a regional
scale and littte catchment condition will be inferred.

Table E.2
(see text for explanation)

Example of sites that may be considered for Local Scale Assessment

Headwater Rivers & Waterholes Terminal Wetlands
Minimum of 20 sites Minimum of 50 sites Minimum of 10 sites
Recommended Recommended Recommended

QNRM Water Quality Menitoring

sites for the upper Cocper Creek

Systam

o Aramac Creek,

0 Reedy Creek

0 Sandy Creek

0 upper Thomson River at
'Carnoola Park'

0 upper Barcoo River at
Blackall.

There are no existing sites In the
haadwater regions of the
Diamantina or Gecrgina Rivers
and these would need to be
established.

Wetlands of Intemnational
Importance in tha region include
& number of spring sites: Aramac
Springs, Cauckingburra Spiings,
Deogmabuila Springs.

QNRM Water Quality Moniforing
sites for the middle and lower
reaches of Coaper Creek, and
the Diamantina and Georgina
Rivers (sea Bailey, 2001),

Wetlands of International

importance in the region:

o Birdsville - Durrie
Waterholes Aggregation
(QLDG23),

o Ceoper Craek Overflow
Swamps - Windcrah
(QLDO25),

o Cooper Craak Overflow
Swamps- Nappa Mersie
(C4.D025),

o  Cooper Creek-Wilson River
Junction {QLDOZT),

¢ Diamantina Lakes Area
(QLDO28),

¢ Diamantina Cverflow
Swamp-Durrie Station
(GLDO29),

o Georgina River King Creek
Floodout (QLDO3D),

o Mulligan River-Wheeler
Creek Junction (QLDO33).

Lang-tarm rasearch sltes within

tha ragion (see figure):

4 ARIDFLO (Ecological-Flow
relationships of Arid Rivers)

o Cooperalive Research
Centre for Freshwater
Ecology Orvland River
Refugia Project.

Terminal Watland sites should be
distributed across the LEB and -
include terminal lakes in the
Headwater Regions, such as
Lake Galiles and Lake
Buchanan. Other sites may
include Lakes Frome and
Blanche in South Ausiralia as
well as Lake Eyre,

Other terminal wetland and lakes
systems that should he
considered include Lake Yamma
Yamma in the Thomson River
catchment, Lake Torquinie Area
and Lake Phittipi in the Georgina
River catchment.
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Terminal Watlands: Terminal Wetlands and Lakes are distributed across

a the Lake Eyre Basin. We recommend a minimum of 10
terminal wetlands sites be established. These would

include internally draining lakes such as Lake Galilge

and Lake Buchanan in Queensland and Lakes Frome

and Blanche in South Australia. Lake Eyre should be

included as the terminus of the Lake Eyre Basin rivers

Recﬁmmendeq position of locations system. It will be difficult to cluster groups of iakes for
in which sampling sites (strategic + all locations, therefore, where groups of lakes do exist,
associated random) for the river . . e
channels and waterholes zones of a number of sites should be established so that within
the Lake Eyre Basin should be location variation can be quantified.

chosen.

Headwaters:  we recommend a minimum of 20 sites be established across
the headwater zone of the Thompson, Barcoo, Georgina and
Diamantina Rivers. These sites should be nested within
locations or sub-atchments: for example, five locations each
comprising four sites (one strategic site and three random
sites).

Channels & Waterholes: we recommend a minimum of 50 sites be established
across this vast section of the Lake Eyre Basin. Again
sites should be nested within locations; locations
should include the Cooper channel country and lower
Cooper, Diamantina channel country and lower
Diamantina and the western rivers including the
Neales, a long-term sampling region for the ARIDFLO
Project.
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Regional Scale Assessment :
Regional Scale Assessment has been recommended for the Physical Form
indicators. These indicators are measured over larger distances and areas
compared with many other indicators and will use remotely sensed data or large
scale mapping. We have recommended at least eleven regions (or farge scale
reaches) for the assessment. These regions are essentially nested within rivet
zone. Regions include the headwater of the Thomson, Barcoo, Diamantina and
Georgina, middle and lower reaches of the Georgina and Diamantina River and
Cooper Creek and at least one region on the western Neales River,

Recommended regions {or
reaches) for undertaking
regional assessment of some
indicators within the Lake
Eyre Basin.

Catchment Based Assessment

We have recommended Catchment Based assessment for the Flow Theme
indicators. This data will be collected at the catchment scale and therefore
allow reporting at the catchment level.

ix

Summary of Spatial Approach

Overall we have recommended a “hybrid approach” for the assessment. This
involves a network of focations across the basin. In each location hoth strategic
sites and a number of randomly selected sites will be sampied for a "site-based”
or locat assessment. Including a number of sites for each location means that
within location variability can be quantified. For those indicators recommended
for site-hased assessment to be up-scaled into catchment based assessment
then a larger number of sites will be needed for each catchment. The
Sustainable Rivers Audit of the Murray-Darling Basin suggested between 18
and 30 sites per river valley (sub-catchment) were needed for various indicators
to make a catchment assessment of condition, With the large number of sub-
catchments within the Lake Eyre Basin this would suggest a large number of
sites are needed to undertake a full assessment of the Lake Eyre Basin. In
conjunction with the network of strategic sites for site-based assessment we
recommend a natwork of regions be assessed for landscape change and
physicai form indicators.

This, initial estimate of the number of sites required, has heen made by
assuming a nested sampling design, with five replicate sites sampled within
different locations across the Lake Eyre Basin; giving bread gecgraphic
coverage, but also the ahbility to quantify the within-site variability. Fer example,
in each of the four headwater regions across the LEB (Barcoo, Thomson,
Diamantina and Georgina) five sampling sites would be chosen. These five
should ideally include a strategic site where long-term data exists as well as four
randomly placed sites.

The exact number of sites required fo make an assessment of condition and
detect possible change {power) for each indicator will ultimately need tc be
determined for each sub-catchment from continued analysis of assessment data
combined with Pllot Studies.
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Temporal Scale

Events Based Monitoring

Rainfalt and flows in the headwater region are influenced by seasonal climatic
conditions, including monsoonal phases and also by longer term climatic
fluctuations such as El Nino and La Nina cycles. The biotic response to each
event will differ depending on the timing, magnitude and duration of each event.
Any assessment of trends in this region needs to consider the initial condition
and variability associated with seasonal extremes.

Frequency of Assessment

Scale factors and indicatars chosen will determing the choice of frequency of
assessment. Different indicators will be assessed at different frequencies within
the 10 year reporting framework. The suggested frequency of assessment is
provided in the summary table.

Summary of Temperal Approach

We recommend a standard assessment timeframe for each indicator combined
with ad-hoc events based monitoring which will be required if a frend
assessment approach is adopted.
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Summary of Spatial and Temporal Sampling

Table E.2 Summary Table of Suggested Indicatars within each Theme including the suggested number of sites or regions for sampling and the temporal frequency of sampling.
iﬂﬁqg;:rtchi Suggested Sampling Approach
Theme Attribute Suggested Indicator Sites or
Regions Spatial Temparal
Volume of Water Held in Storage g Catchment Bi-annig!
Water Usa - ;
Percent of Flow Diverted 8 Catchment Bi-annual
Flow & Flood - —— e -
Hydrolagical Variability Flaw Variabitity 3 Catchment Bi-annual
Flood Extent Flood Extent g Catchment Bi-annual
Riparian & Floodplain Blodiversity Riparian & Floodplain Biodiversity 70 Logal - site hased Annual + post event
‘ . Riparian Compesition & Extent 70 Local - sife based Annual + post event
Rioari Ripatian Vegetation Condition Riparian Recruitment & Regeneration 70 Local - site based Anrual + post evant
Fmg;;ii Riparian Percent Exotics 70 Local - site based Annual + post event
Floodpiain Composition & Extent 70 Local - site based Annual + post evant
Flaodplain? Vegetation Cendition Floodptain Recruitment & Regeneration 70 Local - site based Annual + post svent
Floodplain Percant Exotics 70 Local - site based Annual + post event
Macroinvertebrate Assemblage Diversity 80 Logal - site based 2‘\';';‘:?”’ Springt post
Waterhole & Welland Biodiversity - -
Fish Assemblage Diversity 80 Local - site based Autumn, Spring+ post
Waterholes & event
Wetlands Waterhole & Wetland Water Quality | Water Quality 89 Logal - site hased ijétrl‘rtnn’ Spring* post
Waterhole Procasses & Function Ecosystem Processas 50 Local - site based é\ﬁ?n’ Spring+ post
Physical Form Chasnet System integrity Channel System !ntegrity . 1 Reggonal Filve Yaars
Erosion Potential l.andscape Function Anaiysis " Regional Bi-annual

2 In the headwater region, where true floodplains do not exist, these measures would be undertaken on catchment vegetation.
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Trend Based Assessment

One of the higgest challenges in selecting indicators, and more importantly in
interpreting the data collectad on any indicator, is to understand the large spatial
and temporal variations in natural “condition” that are evident across the LEB.
This large-scale variation means that at any one point in time, reflecting natural
variations in flooding and rainfall, sections of the LEB will naturally be in “good”
condition while others are in "poor’ conditicn. As catchments and systems
throughout the LEB move from wet into dry and back into wet or flood, the
ephemerality of many watercourses (dry during the dry and wet after rain or
flood) is an important aspect in their utilization as sites of high productivity, and
breeding areas for waterbirds. The dynamic and changing nature of this
ephemerality needs to be captured in the interpretation of the indicator
assessment and from a management perspective should be protected in the
“management of masaics”.

The approach we recommend is analogous to the "grazing gradient’ approach
used in the Australian rangelands to assess the health of pasture. The grazing
gradient recognizes spatial changes in pasture cover a certain distance from a
point water-source.  Pasture in “good” condition will appear “poor® & short
distance from the watering point but rapidly return to “good” condition. Pasture
in “poor" condition will also appear “poor” a short distance from the watering
noint but will fail to return to “goed” condition with increasing distance from the
watering point. In this way the grazing gradient is measuring the “resitience” of
the vegetation fo the grazing disturbance.

A similar system should be incorporated for many of the indicators suggested.
The indicator responses need to be ‘scaled’ so that a decline in condition with

time since last flood or rainfali is expected, even in waterbodies in excellent
condition, making the interpretation of "heaithy” or “unhealthy” for a given
waterhody more robust. Under this trend assessment scenario a site in poor
condition would fail to respond or appear healthy even immediately after
flooding or rainfall (display low reslience). In many instances the trends may be
determined from existing data, in ofhers Pilot Studies may need to be
implemented to measure and document the trends. In this way declines in
condition caused by human impact can be distinguished from natural variation.

Cost of the Assessment Program

The recommendations for spatial and temporal sampling within the assessment
program have been made hased on professional opinion as there has been no
scope within this desk-top study to explore existing datasets ta address the
temporal and spatial variabiiity within each indicator. We have included a
feedback lcop for existing and new data within the management framework to
be used within the assessment, in line with a trend based approach and we
recommend that the spatial and temporal frequency of the assessment be
reviewed after the initial 10 year condition report to increase the power of the
indicators to detect change. We have provided an estimate of the costings for a
number of the indicators suggested as part of the assessment program (see
Table E.3). These costings are based on being at the site and do not include
the cost of travel to the often remote locations. For a number of indicators the
final cost will need to be determined as part of a Pilot Study when the nature of
the methodology for collecting data for the indicator is finalised.
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Summary of indicator Costing

Table E.3

given spatial scale and temporal frequency.

i

. ; No of Sites, . Frequency -
Theme Attribute Suggested Indicator Regions Cost per Site per year Cost per Year
Volume of Water Held in Storage ] 0.5
Water Uss Parcent of Flow Diverted B 0.5
Flow & Flood TR : TBD
Hydrological Variability Flow Variability 3 0.5
Flood Extent Flood Extent B 3
Riparian & Floodplain Biodiversity | Riparian & Floodplain Biodiversity 70 F4004 1 $28,000
Riparian Composition & Extent
Riparian Vegetation Condition Riparian Recruitment & Regeneration 70 $280 3 $52,500
Riparian & Riparian Percant Exofi
Ficodplain pari rcent Exotics
Floodplain Composition & Extent
Flocdplain® Vegetation Condition Floodplain Recruitment & Regeneration 70 5250 3 $52,500
Floodptain Parcent Exotics
Macroinvertebrate Assemblage Diversit 80 406 3 96,000
Waterhofe & Wetland Riodiversity - S J Y : $
Waterholes & Fish Assemblage Diversity 80 5400 3 $96,000
Wetlands gj;ﬁ{;‘me & Welland Water Water Guality 80 3300 3 §72,000
Waterhole Procasses & Function Ecosystem Processes 50 $200 3 $30,000
i i BD® .
Physical Form Char?nei System Integrity Channel System !ntegnty . 11 T 0.5 TBD
Ercsion Potential {_andscape Function Analysis (LFA) 11 $400 HE) $2200

Summary Table of Suggested Indicators within each Theme including the suggested number of sites or regions for sampling and the estimated cost of sampling at a

* Indicators in this group involve the use of Landsat imagery and costs will need to be determined (TED) after a Pilol Study phase and the firal form of the Imagery is decided.
* This costing does NOT include waterbird surveys, which would be undertaken at a regional scale and will nead to be costed separately.
® in the headwater region, where true floodplzins do not exist, f1ese measures would be underiaken on catchment vegatation.
8 Again, this potentially invalves the use of remotely sensed data and large scale mapping technigues. The costing would need to ba raviewed when the final form of the indicator is
decided.
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Interpreting the Assessment

We have organised the Indicators into five themes that recognise the intricate
interretationships of climate, hydrology, geomarphelogy, floodpiains and aguatic
ecosystems within the Lake Eyre Basin. While many existing assessment
programs (such as in the Index of Stream Condition and the proposed Water
Quality Indicator in the SRA) combine the informatior: from the assessment into
a single or overarching Indicator Score we do not recommend exploring this for
the Lake Eyre Basin Assessment Program. As we have recommended a trend
hased assessment it would be short-sighted to reduce the information gained for
each indicator info a single number. In a system as variable as the LEB the
assessment will need to be undertaken by exploring changes over time for each
indicator. For the purposes of graphically representing the health of regions
within catchments or catchments themselves the approach used by the South
East Queensland EHMP would be preferred. In this approach the minimum
value for any indicator within a Theme is reported as a "traffic light" (red for poor
condition and green for good condition).

Different Assessments for Different Issues

As in the South-East Queensland EHMP (see Smith & Storey, 2001} we have
recommended a background or ambient assessment program for the Lake Eyre
Basin. Clearly, across the Lake Eyre Basin, monitoring may be required to
assess the impact of town sewerage systems or industrial point source pollution.
Such monitoring would require more rigorous use of nutrient sampting,
biclogical and ecosystem process and perhaps less focus on physical form and
flood and flow themes. :

Management Framework

The management strategy incorporates elements from each section of the
project and supports the provided methods. Fesdback loops are structured to
clearly acknowledge management issues and support the ongoing development
of an assessment program that incorporates scientific input to underpin its
implementation, addresses existing knowledge gaps and considers available
rescurces.  Interpretation and reporting are encompassed under data
management within the assessment program with a feedback loop via program
revision to address knowledge gaps. A data management strategy is given
within the management framework that includes consideration of program
authority, new and existing data. A geographic information system and Access
database are recommended tools for data management.

i éﬁggééféﬂ 'd:c:ﬁx.'c:‘ .
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Report Structure

Classification: This report includes a summary of the Classification <
undertaken for the Lake Eyre Basin rivers (Section 2) -
see also Backkground Document 2.

Concentual Models; Conceptual models have been developed and presented
for the three main functional zones of rivers and wetlands
in the Lake Eyre Basin (Section 3)
o Headwalers (Section 3.2)
e Rivers, Channels & Waterholes (Section 3.3)
o Terminal Wetlands (Section 3.4)

indicator Methods: A detailed  methodology  for  those  indicators
recommended within the framework of the Conceptual
Mcdels is presented (Section 4)

Management: A framework for management of the assessment is
presented (Section 5).
Glen Murken Waterhole, Cooper Creek
Photo by Jon Marshall, ONRM
The report includes four background documents:
Background Document 1:  Conceptual Models for the Lake Eyre Basin Rivers Assessment
IMathedology Project - COROM
Background Document 2;  Classification of Lake Eyre Basin Rivers for the Lake Eyre Basin
Rivers Assessment Methodology Development Project
Background Document 3: Review, Evaluation and Collztion {metadata) of Relevant Natural
Resource Information and Datasets for River Systems and Catchments in the Lake
Eyre Basin Agreement Area for the Lake Eyre Basin Rivers Assessment
Methodology Project.
Background Document 4; Review of Existing Assessment Schemes for the Lake Eyre Basin
Rivers Assessment Methodology Project.
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1. Introduction
1.1. Background

‘Dryland” rivers typically occur where annual rainfall is less than 500 mm and
the annual evaporation rate exceeds rainfall (Comin & Williams 1994).
Australian dryland rivers have some of the most variable pattemns of flow in the
world (Puckridge et al. 1998). Both large floods, which breach the banks and
cover vast tracts of land, and extensive droughts, where the water in the
channel dries back 1o a few permanent waterholes, are features of Australian
dryland rivers. Although the unreliable nature of flow in dryland rivers can cause
human economic hardship, the animals and plants inhabiting the rivers and their
floodplains are well adapted to the nature of this flood-drought variability
(Boultan et al. 2600; Boulton et al. in press). In fact the ecological integrity of
many dryland rivers, particularly in fowland areas, depends upon the periodic
lateral movements of water onto the floodplain (period of flooding) and the
converse drying out of the channel environment (period of drought) (Puckridge
19499).

The rivers of the Lake Eyre Basin (Figure 1.1) are dryland rivers, characterized
by extremely variable and unpredictable flows, low gradients and complex flow
paths. The rivers of the Lake Eyre Basin, the Thompson, Barcco, Cooper Creek,
Georgina, Diamantina and the Warburton and their tributaries change from
chains of waterholes in dry times to slow moving ‘inland seas' that are often
many kilometres wide in big floods. These rivers are unregulated and largely
unmodified by large-scale water resource developments.

The Lake Eyre Basin Agreement requires an initial assessment of the condition
of the major river systems and catchments within the Lake Eyre Basin
Agreement Area, This assessment will be repeated every 10 years and a
program of monitering is required to underpin the assessment. Over the past 10
years Australian governments have invested in national and State assessments

of river health in order to evaluate current river conditions, monitor changes in
river condition and determine priorities for management and rehabilitation. Much
of the river health assessment to date has been conducted for rivers that have
year-round flows or systems for which there is a significant amount of existing
data. These tend to be in the catchments of eastern Australia and other
catchments acrogs Australia with intensive landuse.

This project provides a classification, conceptual madeis, indicators and a data
management framework for the assessment of, and reporting on, the ecological
condition of watercourses and catchments within the Lake Eyre Basin
Agreement Area. Specifically the project has:

+ Classified the rivers and streams of the Lake Eyre Basin so that like
regions of the basin are compared with like;

« Developed conceptual models of river precesses and functions that
provide a scientific basis and rationale for the assessment and that
clearly arficulates current understandings of key processes as a basis
for supporting management activities.

« Suggested a discrete set of indicators from atfributes that, when
collated and interpreted, provide measures of ecological condition.

« Linked indicators with valuesithreats identified for Lake Eyre Basin
rivers {via conceptual models)

« Suggested an operational framework for the assessment that supports
monitoring and reporting at regular intervals.

« Developed a method for the management framework for the
assessment of and reportng on the ecological condition of
watercourses and catchments within the Lake Eyre Basin Agreement
Arga.
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1.2.  Ecosystem Health

A more detailed description can be found in Background Document 4: Review of
Existing Assessment Schemes for the Lake Eyre Basin Rivers Assessment
Methodology Projact.

Ecosystem health is most often measured by monitoring an ecosystem's
response to disturbance through changes in key ecological patterns and
processes. The hiotic responses to disturbance can be summarized as
(Downes et al., 2002);

o Resistance - the capacity fo withstand a disturhance, and

o Resilience —the capacity to recover from disturbance

In many ecosystem health monitoring programs the indicator values of impact
sites are compared with values obtained from reference sites (chesen to be as
close as possible to the state of the environment undisturbed by human activity)
or control sites (chosen to be as similar as possible in all respects to the impact
location except for the-presence of the impact) (Downes et at., 2002). However,
disturbance gradient approaches that do not require reference sites, have also
been used {Smith & Storey, 2001)

The use of biological pattems or arganization (e.g. structure of fish and
invertebrate communities), as indicators of ecological health is a popular
approach for assessment (Hart et al. 1999). Biological communities integrate a
range of disturbances over time and give a summary of environmental
conditions for the preceding period (Williams, 1980). However, focusing health
assessment purely on patterns will ilustrate the effect of a disturbance but will
not show how a system works (Bunn et al. 1999). Measuring ecosystem
processes (ie. gross primary production, nutrient cycling, denitrification)
provides an integrated response to a broad range of catchment disturbances
(i.e. nutrient inputs from diffuse sources, changes to the quantity/composition of
organic carbon inputs, alteration fo the light regime by riparian shading} and
also contributes to understanding how a system works (Bunn et al. 1999).

1.3.  The Lake Eyre Basin
1.3.1. Climate

The Lake Eyre basin lies in the arid zone which covers some 60% of Australia
{Kotwicki 2003). Across the catchment average maximum winter temperatures
range from 18°C to 24°C, and average summer temperatures range between
360C and 39°C (Kotwicki 2003), However, the overali temperature range is
large, with minima and maxima from the lower Cooper Creek area recorded at -
2°C and 49°C respectively (Gibling et al. 1998). The annual average number of
hours of bright sunshing is estimated at 3410 hr yr' {Intemnational Lake
Environment Committee 2001).

Rainfall ranges from 400 to 500 mm y! in northern and eastern headwater
regions to around 120 mm y1 in the Simpson Desert (Gibling et al. 1998,
Knighton & Nanson 1984b; Kotwicki 2003). Principally this pattern is attributed
to the influence of the southemn margin of the summer monsoon {Kotwicki 2003),
which brings irregular but heavy rain causing floods to rivers in most years
(Gibling et al. 1998},

Given the sparse canopy cover in the Basin, more than half of all precipitation
(59%) falls directly on to the ground {Arora & Boer 2001). Evaporation rates
exceed precipitation (Bailey 2001), with about 80% of all evaporation coming
directly from the ground (Arora & Boer 2001). Humidity, though seasonally
variable is low throughout the year (Bailey 2001).

ez
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1.3.2 Geology & Geomorphology
(Adapted from Callen et al. 1986, Alley 1998 and Maroufis et al. 2000)

The Basin is a wide shallow Cainozoic structure overlaying the more extensive
and pre-existing Ercmanga Basin and early Tertiary Birdsville Basin. The Basin
is hordered on the west by the Denison Range and the Dathousie Dome, on the
south by the Willouran, Fiinders and Olary Ranges, and on the east by thé
Bartier Ranges. Domes of Mesozoic rock form the northem houndaries in
Queensiand, New South Wales and the Nerthern Territory. Sedimentation within
the basin occurred in three main geological phases: 1) fluviolacustrine sand, silt,
clay and carhonaceous horizons from the latest Paleocene to Middle Eocene; 2)
dolomite and magnesium-rich clay and sand deposited in extensive shallow
alkaline lakes suggested to be from the latest Oligocene-Miocene; and 3) red
clay, silt and sand deposited in fluvial lacustrine and agolian settings during the
Pliocene and Quaternary.

The current channel system is formed mainly frem aggradation between stable
banks composed of floodplain muds. Their sediments are mud-dominated
confaining mixtures of quartzose sand, pedogenic sand-size mud aggregates
and clay from suspension. Floods deposit mud across the wide alluvial
floodplains.

The mud sheet is underlain by a sheet of sand and gravel that extends to below
35m depth and can be traced from headwater regions to Lake Eyre.

1.3.3.

Sheep and cattle pastoralism is the dominant land use within the Basin. Other
land-uses include mining and petroleum, tourism, urban and conservation (Lake
Eyre Basin Coordinating Group 2002).

Landuse

The Basin has a long history of Aboriginal settlement and use, and large
portions of it are subject to native title claims (Lake Eyre Basin Coordinating
Group 2004). Important cultural sites within the Basin are being identified and
preserved to allow Abgriginal people to maintain their traditional links to the land
(Lake Eyre Basin Coordinating Group 2002).

Mining products include silver, opals, cil and gas {Lake Eyre Basin Coordinating
Group 2002). The Basin houses Australia’s largest onshore oil and gas reserve,
and overall, mining provides the biggest economic contribution to the Basin
(Bailey 2001).

Eco-tourism and culturai tourism in the Basin have risen in popularity in recent
years confributing significantly to the regional economy, but also providing
management challenges due fo poliution, site degradation and movement of
weed species (Treadlightly Australia 2005; Lake Eyre Basin Coordinating Group
2004).

Urban land-use is concentrated mainly to the north-east and the southern tip of
the Basin and around Alice Springs, with smaller communities scattered
threughout the Basin. Overall, the Basin is sparsely pepulated with about 57,000
people, 25,000 of which are in Alice Springs (Lake Eyre Basin Coordinating
Group 2002).

The Basin is an area cf high ccnservation significance with 37 listed parks and
reserves covering a diverse array of habitat types including wetlands,
grasslands and desert (Lake Eyre Basin Coordinating Group 2004). Within
these areas there are many rare and endangered animai and plant species, and
highly restricted endemic species that are supported by mound springs, wetland
areas created by water seepage from the Great Arlesian Basin {Lake Eyre
Basin Coordinating Group 2004).
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1.3.4. Hydrology

The Lake Eyre Basin is divided into five major catchment groups, partitioned )

according 1o the natural direction of surface water flow (Lake Eyre Basin
Coordinating Group 2004) (Figure 1.2). The total caichment area of the Basin is
1,440,000 km? and it functions as the largest endoreic (intemally draining)
system in Australia {International Lake Environment Committee 2001). Average
annual runoff for the entire catchment has been estimated by the Department of
Primary Industries at 4,900,000 ML (Bailey 2001). Lake Eyre is fed mainty from
its eastern tributaries Cooper Creek and the Diamantina and Georgina systems
although significant run-off can originate from the western part of the Basin
(Gibling et al. 1998; Kotwicki 2003). Both a shatlow subsurface aquifer and
deeper artesian water system exist within the Basin (Bailey 2001).

All watercourses are characterised by extreme flow variability in discharge
volume and duration {Kotwicki 2003). For example, within the Diamantina River,
flood discharge from a single week can exceed its annual discharge (Gibling et
al. 1998). Creeks and rivers are ephemeral, with short petiods of fiow and long
periods af no flow (Lake Eyre Basin Coordinating Group 2002).

The channel country of Cooper Creek and the Diamantina and Georgina Rivers
are characterised hy anastomosing channefs (Morton et al. 1995; Rust &
Nanson 1986). These watercourses transport sand in their main channels, but
their principal foad is mud which during flood phases is transported to the
floodpiain (Rust & Nanson 1986). During flood, the rivers can expand to
exceptional widths with sheets of water up to 70km wide on the Cooper below
Windorah and up to 500km wide on the Diamantina and adjacent channets
ahove Birdsville (Gibling et al. 1998).

Low gradients within the Basin result in the siow movement of water throughout
the system which may take several months to reach Lake Eyre (Bailey 2001
Gibling et al. 1998). Transmission losses can be very high. Flood volumes
decrease systematically downstream due to evaporation and seepage {0

underlying sediments (Gibling et al. 1998). For example, over a 400km reach of
Cooper Creek, transmission loss has been estimated at 75% (Knighton &
Nanson 1994a). Flow ceases during dry periods, but water is retained within
waterholes (Gibling et al. 1998).
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Figure 1.2. Map of the Lake Eyre Basin showing the position of gauging stations. Most
of the gauges are now inactive — for a complete summary see Background document
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The major rivers of the Lake Eyre Basin (Cooper Creek and Diamantina River)
are among the most variable rivers in the world {Puckridge et al,, 1298).
Gauging data exist from 1840 to 1987 for the Currareva Gauge, near Windorah
in western Queensland. This pericd of record (Figure 1.3) shows a median
annual discharge of 1648GL, a minimum in 1952 of 0GL and a maximum in
1974 of 23478GL. (Puckridge et at., 2000). in further examining the hydrograph
data from the Currareva gauge {1940 — 1987. 576 months) Puckridge et ah
(2000) provide the following statistics:

o 248 months (43%) no discharge registered
289 months (50%) 0-1000GL recorded
Maximum discharge February 1974 - 15890GL
Median menthly discharge = 0.95GL
Mean monthly discharge = 266.20GL

0o o0

Despite this variability the Cooper hydrograph shows a distinct and predictable
seasonal component in which summer and autumn flows are dominant

(Puckridge et al., 2000},
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Figure 1.3 Hydrograph for Cooper Creek at the Currareva gauge.

The Diamantina River is also one of the most variable in the world (Puckridge et
al,, 1898). Gauging data for the Birdsville gauge for the period of 1953 to 1970
were used to compare with the Cooper Currareva gauge. For this period of
record (Figure 1.4} the median annual discharge was 329GL, a minimum in
1965 of 13.4GL and a maximum of 6986GL in 1954, Further examination of the
hydrograph (199 months) provides the following statistics:

o 65 months (33%) no discharge registered
29 months (1.5%) of 0-1000 GL recorded
Maximum discharge March 1954 - 3712GL
Median monthly discharge = 38GL
Mean monthly discharge = 897GL
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Figure 1.4 Hydrograph for the Diamantina River at the Birdsville gauge
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1.3.5. Values of the Lake Eyre Basin

These are the environmental and social values in the Lake Eyre Basin, identified
by community and government. This list of values was compiled by Bernice
Cohen, Senior Policy Officer for the SA Department of Water Land &
Biodiversity Conservation from discussions at the LEB Scientific Advisory Panel.
This list of values has assisted in the derivation of the indicators for health of the
rivers and catchments in the Lake Eyre Basin.

Values identified in the Lake Eyre Basin Agreement’

o Confinued health of the Thomson/Barcoo/Cooper, Georgina and
Diamantina river systems {to maintain nationally and internationally
significant areas and other values dependent on the health of the river
systems)

e Conservation and promation of important social, environmental,
economic and cultural values

o Llandscapes and watercourses that are valuable for aesthetic,
wilderness, cutiural and tourism purposes

« Aquatic ecosystem health which is maintained by naturally variabie flow
regimes and water quality

« Flow variability and seasonality to maintain ecological processes and
biodiversity

« Maintenance of beneficial flooding for pastoralism and floodplain
£c0systems processes

s Integrated management

s Precautionary management to pretect environmentaf attributes

e Management to be undertaken within a framework of ESD principles and
national and international obligations

» Local knowledge and experience

» Best available scientific and technical information

T f alea Cora Nacin blarsewsasrmmantal Arraomant Cistahor 2000

Values identified by the Ministerial Fonn and includad in the agroud policies
adoptod on 25 October 20028
» Maintenance of ecological integrity and natural functioning of in-stream
and floodplain scosystems
» Viable economic, social, cultural and other activities which do not
threaten the above envircnmental values

Values identified by the LEB community in its strategic plans for the Lake
Eyre Basin

Basin-wide?
« Sustainable and wise use of natural resources
« Conserving biodiversity
«  Economic prospetity
» Respect for and use of local knowledge
¢ Quthack lifestyle
« Healthy systems with high ecological integrity
o Forward looking, vibrant communities
« Sustainable and diverse regional econamy

# Agresd policies adopied by the Lake Eyre Basin Ministerlal Forum 25
Cctober 2002

¥ Lake Eyre Rasin Coordinating Group, Lake Fyre Basin Sirategic Plan
MedAnhar 2000



 Lake Eyre Basin Intergovernmental Agreement, October 2000
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¢ Lake Eyre Basin Coordinating Group, Lake Eyre Basin Sirategic Flan

October 2000

Georgina/Diamantina catchment!d
s Healthy and diverse caltchment
» Working together
= Vibrant and sustainable economy
» Catchment approach to management
¢ Surface and ground water for both ecelogical and production outcomes *
¢ |mproved pasture management particularly during drought
s Avoiding further pollution or degradation of land and water
« Allernative or muiltiple land use opportunities
« Control of feral animals and weeds
+ Protaction of aquatic and terrestrial ecosystems
s Protecting rich and unigue diversity of plants and animals
« Economic viahility and local employment opportunities

14. Approach

Our approach in undertaking this project has beer:

« To develop conceptual models that illustrate how healthy dryland rivers
such as those of the Lake Eyre Basin function and how they respond to

threats {Section 3 and Background Document 112)

« To classify the rivers of the Lake Eyre Basin using data that are not
subject to human disturbance (Secticn 2 and Background Document

213)

« To undertake a review of the existing data for the Lake Eyre Basin

(Background Document 314}

+ Toreview the available indicators for river health across the appropriate
spatial and temporal scales applicable to the rivers of the Lake Eyre

Basin (Background Document 415)

+ Toidentify appropriate indicators of the ecolegical health of the rivers of
the Lake Eyre Basin {Section 3 and Section 4)

To suggest an operational management framework for the assessment
(Section 5).

Cooper Creek!!
« Up to date and accessible natural resource management information .
¢ Sustainable, integrated management of natural resources for future
environmental and development needs

e Viability of existing industries

s Development and growth of new industries based on environmental and
economic sustainability

s Conservation of the natural envirenment to meet human and ecological
requiremeants

¥ Background Document 4; Conceptual Modsls for the Lake Eyre Basin
Rivers Assessment Methodology Project — CDROM

* Background Document 2: Classification of Lake Eyre Basin Rivers for the
Lake Eyre Basin Rivers Assessment Methodology Develepment Project

b Background Document 3: Review, Evaluation and Collation {metadata) of
Relevant Natural Resource Information and Datasets for River Systams and
Catchments in the Lake Eyre Basin Agreement Area for the Lake Eyre Basin
Rivers Assessment Methadology Proiect.

* Background Document 4: Review of Existing Assessment Schemes for the
Lake Eyre Basin Rivers Assessment Methodalogy Project.

® .ake Eyre Basin Coordinating Group GeorginalDiamantina Catchment
Srraregrc Plan, October 2000
"' {ake Eyre Basin Coordinating Group Cooper’s Creek Calchment Strategic
Pian Ccteber 2000
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1,5.  Existing Schemes

Thete is a number of existing schemes in Australia for assessing the health of
different rivers and their catchments. The major regional, or catchment, based
schemes include:
o Ecological Health Monitering Program for South East Queensland
(EHMP}
o Sustainable Rivers Audit {SRA) for the Murray-Darling Basin
o Index of Stream Condition — catchments within Victoria

A range of broader (not catchment specific) approaches also exists — these
have heen incorporated into the catchment based schemes above. They
include:

o Australian Rivers Assessment Scheme (AUSRIVAS)

o Stream nvertebrate Grade Number — Average Level (SIGNAL)

o Specific indicators from the Australian Rangelands Information system.

In suggesting a range of indicators for assessing the heaith of the Lake Eyre
Basin rivers we have been mindful of those indicators already in use in these
existing schemes and have attempted to "value add” to existing State and
regional based monitoring and assessment programs.

o Y T
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2. Classification
2.1, Background

A full account of the classification, including detailad methods, can be found in
Background Document 2. Classification of the Lake Eyre Basin Rivers for the
Lake Eyre Basin Rivers Assessment Methodology Project ¢

This section summarises the approach takan to classify the rivers and streams
of the Lake Eyre Basin. Classification of rivers is important within an
assessment program as comparisons of indicators are only relevant within
simifar rivers or reaches (i.e. apples are compared with appies). Another
consideration in classifying rivers is that some indicators may prove more
effective, or be more appropriate, for certain river and/or reach types.
Classification could highlight this.

Classification of catchments into like rivers or reaches can be used for the
following purposes in relation to river assessment:
1. inform the Conceptual Models, so appropriate modeis can be developed
for different geomarphic reaches and rsgions.
2. inform the design for the assessment, so sampling sites and locations
can be distributed across the different geomorphic regions
3. inform the outcome of assessment, so the results of any assessment,
the values for indicators, can be compared within similar geomorphic
regions. '

For the Lake Eyre Basin project we initially used GIS to classify the rivers into
like reaches, Available datasets were used to classify the rivers into four distinct
groups (see GIS and Statisticat Approach). Further separations of rivers and
reaches into like groups acted to increase separation in the headwater regions
so that more numerous (and less meaningfui groups) were formed, but failed to
distinguish differences in the lowland channel section. The channel country
region of the majority of the Lake Eyre Basin differs geomorphologically in

¥
i
&

complexity and channel form. At this stage there are no GIS datasets of
geomorphic complexity so this level of distinction was undertaken using an
approach similar to the River Classification System (RCS) of Thoms {1998).
The following is a summary of the Classification outcomes. .

2.2. GI8 and Statistical Approach

Classification grouped those reaches that are similar based on physical
attributes chosen. Only variables not directly affected by anthropogenic activity
were considered in order to eliminate non-natural differences in stream type
(sea Smith & Starey, 2001).

Attributes were chosen to represent differences in streams and reaches based
on climate, geology and geomorphology.

Attributes used were:
Stream Slope — measured as centimeters per kilometre
Annual Moisture Index - ranges between 0 and 1, where 1 is the wettest, This
incorporates rainfall, evaporation and soil water retention (due to lack of soil
information the model treated the area as a uniform clay loam)
Geology (era) — the following periods were chosen

CAINOZOIC

MESOPROTEROZOIC

MESQZOIC

NECPROTERQZOIC

PALAEQPROTERQZCIC

PALAEQPROTERQZCIC - MESOPROTEROZOIC

PALAECZOIC
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Geology (lithology) — the following lithologies were used:
amphibolite-facies metamorphics
felsic volcanics
granites
granulite-facies metamorphics
intrusive complexes
mafic volcanics
sedimentary rocks

Reaches were then discriminated on the basis of these physical attributes using
a hierarchical clustering approach similar to that undertaken in Smith et al.
(2001) and Whittington et al. (2001).

The size of the Lake Eyre Basin and the large number of reaches compared
using the cluster technique meant that a large number of groups could
notentially be derived. Taking into account the pattemns seen inthe data and the
need for a meaningiul classification, the discrimination of reaches was achieved
using a four-group level of classification (each group is hereafter referred to as a
“watercourse class") {Table 2.1; Figure 2.1).

Watercourse classes A and 8 are the most similar and include most of the lower
stope channels (Figure 2.1). Watercourse class A has the jowest stream slope
and predominantly traverses more recent sedimentary rocks. Watercotirse
class B includes the higher slope, headwater regions of the channel country
rivers as well as many of the channels to the west of the LEB and they traverse
mostly older sedimentary rocks. Watercourse class C channels occur mostly ir
the north and the west of the LEB, they have comparatively high stream slopes
and traverse older granite and volcanic rocks. Watercourse class D channels
also had a ralatively high slope and again were restricted to the north and the
west headwater regions traversing more recent granites and volcanic rocks. At
watercourse grouns had relatively low values for Moistire index.

Tahle 2.1 Summary of mean values for the four attributes used in classifying the
Lake Eyre Basin rivers Into four major classes,

Class Ave Most Most Common Average
Stream Common Geological Era Moisture
Slope  Lithology Index (+ SE)
(+SE)

A 100 (15)  Sedimentary CAINOZOIC 0,122 (0.01}

B 571 (117) Sedimentary PROTEROZOIC - 0.106 (0.005)

PALEOZOIC

C 568 (182)  Granites & PROTERQOZOIC 0.100 (0.005)
Volcanics

D 400 (165)  Granites & NEOPROTEROZOIC  0.076 (0.005)
Volcanics

Watercourse classes A and B describe the majority of the Lake Eyre Basin
rivers and are predominantly associated with the channel country. These
watercourses differ in the degree to which they are anastomosing. These
differences were consistent with moving from the upper headwater regions,
where Watercourse class B dominated to the lower channel country where
Watercourse A dominated.

There were insufficient data in GIS format to further distinguish channels within
the lower reaches of the Basin. To formulate a meaningful distinction between
regions of watercourse class A and B sections a further classification was
undertaken using the River Classification System approach (adapted from
Thoms, 1998), which focuses on smaller scale gesmorphological features.

L
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Figure 2.1 Map depicting the four group classification of the LEB rivers and streams. Lowland
watercourses are shown in red (Watercourse Class A), headwater tributary regions of these
watercourses are shown in yellow (Watercourse Class B). Wataercourse classes C and [ are
upland regions draining granite and valganic racks of differing ages. The terminating wetlands
of the basin (notincluded in the GIS classification) are shown in light blue.

2.3. RCS Approach for Classification of the Major Channeis

An hierarchical classification similar to the RCS approach (Thoms, 1998) was
used to divide watercourse class A and B rivers into reaches or zones with
distinctive geomorphology. The RCS approach recognizes that fluvial systems
are composed of several dominant functional zones. These zones include a
zone of water and sediment supply near the headwaters, a zone of sediment
transfer near the middle of the river profile and a zone of sediment storage near
the lower end of terminus of the river system.

This classification was undertaken in a similar way to the Ecological and
Geomorphological Assessment of the Georgina-Diamantina  Catchment
(Sheldon et al, 2003): The following tools were used in the assessment:

GIS

Satelite Imagery and Aerial Photography

Topographic and Geological Maps

Vegetation and Rainfall Maps

Existing cross-sections and floodplain information

Each river reach was divided into zones of similar physical characteristics.
Physical characteristics included river-floodplain geclogy, bioregion, river-
floodplain morphology, mean annual rainfall and moisture index. The main
channel regions ware divided into the three functicnal zones (see Figure 2.2); a
headwater zone (white), a mid channel-country zone {grey) and a lower
channel-country zone {hlack). Terminal wetlands were considerad a distinctive
geamorphological unit and not included in this classification.

Upper Zone Summary: Upper zone channe! systems were characterised by a
large through flow of discharge and sediment in respense to relatively high
rainfall and the erosive breakdown of sedimentary rocks. Consequently, the
morphology of most upper zone channels reflected these processes and
displayed steep slopes and sither a single channel planform or a low degree of
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anastomosing. Upper zones for the Georgina, Diamantina and Gooper ,

catchments mainly occurred in the Mitchedl Grass Downs bioregion.

Middle Zone Summary: Middle zone channels occurred mastly in the Channet
Country bioregion and were characterised by a high degree of anastomaosing in
response to having extremely shaliow slopes, cohesive clay banks and
increased sediment deposition of mastly Cainozoic Alluvium. Large water holes,
dunes, gorges and extensive floodplains are domirant features of the middle
zone.

Lower Zone Summary: Lower zone channels were similar in planform to the
upper zone systems characterised by either a single channel planform or a low
degree of anastomosing and for Georgina, Diamantina and Cooper syslems
accurred mostly below the Channel Country within the Simpson-Strzelecki Dune
Fields bioregion. The presance of extensive flood outs, wetlands and dunes,
which play a big part in channel control, are dominant features of the lower
Zehe.

Terminal Wetlands: these were considered distinctive geomorphological units
and were classified separately to the channels.

Far complete details of the reaches across the Basin see Background
Document 2: Classification of the Lake Eyre Basin Rivers for the Lake Eyre
Basin Rivers Assessment Methodclogy Project.

Elersten g}

Figure 2.2 Map depicting the three sub-group RCS classification of the major watercourses in
the Lake Eyre Basin based on -satellite imagsry, aerial photography, topographic and geological
maps, vegetation and rainfall maps, existing cross-sections and floodplain information. Upper
7ones are shown in white, midd!e zones in grey and lower zones in biack, The terminating
wetlands of the basin (not included in the classification) are shown in light blue.
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2.4, Summary of Classification
Classification
. . Used for
GIS Classification RSC Classification Conceptual
Models @
Aliuvial controlled  Watercourse Class & Headwater Zone Headwater
streams and Middle Zone Channels and
channels Watercourse Ciass B Lower Zone Waterholes
Bed-rock Watercourse Class C
controlled Considered as pant of the Ephemeral
headwater Watarcourse Class D Rivers project
streams
Terminat Not included in GIS .
Wetlands classiflcation Terminal Wetlands

The classification of the rivers and streams of the Lake Eyre Basin separated
the Basin into four watercourse classes and two major groups as well as the
terminal wetlands.

Watercourse Class C and D form a group of headwater streams that
drain hard-rock regions in the north and west of the Lake Eyre Basin.
The streams of these classes are better suited to the indicators being
developed by the Land and Water Australia funded Project "Quantifying
the Indicators of Health in Ephemeral Rivers" which is focusing on
indicators for small ephemeral streams and rivers, many of which are
bed-rock contrailed.

Watercourse Class A and B form a group of sediment based streams
and channels that are the dominant form fer rivers within the Lake Eyre
Basin. Rivers in these classes were further divided, using a functicnal
zone approach, into Upper, Middle and Lower process zones.

Terminal wetlands are considered a distinct group on their own and were
not included in the statistical classification.

2.5. Using the Classification

The Classification suggested three broad physical types of watercourses and
aquatic habitats in the Lake Eyre Basin. These three types form the basis for
the development of the Conceptual Models.

Conceptual Models have heen developed for Headwater, River Channels &
Waterholes and Terminal Wetlands. This forms the next section of the report.

As wel! as informing the Conceptual Model development, the Classification aiso
assists in the selection and distribution of sites for assessment.
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3. Conceptual Models
3.1. Background
311 Threats to the Lake Eyre Basin

The Lake Eyre Basin Scientific Advisory Panel identified & range of issues that
pose challenges the management of the Lake Eyre Basin {see Cullen, 2004).
These issues include: '
« Abstraction of water for mining and irrigation development.
« Biodiversity of aquatic systems (including floodplains), which may be
impacted by water decisions or contaminants.
« The possible existence of biodiversity ‘hot-spots that act as important
refuges and as thus must be managed for in 2 particular way.
« Impacts of pastoral activities, tourism and mining.
« Management of waterholes — grazing, abstractions of water, groundwater
linkages.
. Management of floodplains - levees, road/rail links and their impacts on
water flow across the floodplain.
introduction of exotics and appropriate respanses.
Impacts of groundwater management on surface water resources.
Management of mound springs.
Health of the rivers and catchments.
Salinity hazards and impacts of vegetation management cn shaliow
groundwater.
« impacts of climate change on surface water resources.

31.2 Development of Conceptual Models

These issues, along with the values identified by the Lake Eyre Basin
community (see Section 1) provide a background for understanding the values
of, and threats to, the Lake Eyre Basin rivers. Using these values and threats

we farmulated conceptual models to assist in selecting indicators for measuring
arncvaetam haalth

The classification of the Lake Eyre Basin rivers (see Section 2) was used to
develop conceptual models across the three major types of waterbodies within
the Basin, namely the "headwaters’, “channels & waterholes’ and "terminal
wetlands”.

Conceptual models are graphical images that:
a. Show how undisturbed healthy ecosystems function,
b, Show how aguatic ecosystems respond to disturbance,
¢. Indicate criical biotic components/processes in the system to target in
an assessment program.

When formulating models they should not only be useful and instructive for
scientists, they should also be informative and easily understood by managers
and the community (Smith & Storsy 2001). Our models were formulated to be
readily understandable to the range of interest groups associated with the Lake
Eyre Basin; scientists, the general community, water managers and
landholders.

For this project conceptuat mode's were developed to provide an explanation of
the current understanding of the highly variable aquatic systems in the Basin,
The madeais were developed to show:

a. hydrological and geomorphological processes operating at both spatial
and temporal scales across the LEB,

b. biotic processes aperating at each spatial region acrass Basin with the
major temparal changes in biotic processes associated with hydrology
summarized,

¢. disturbance scenarios for each region.

The rale of the conceptual models was twofold. inifialty, hydrologic and
geomorphic processes were described at different geographic levels within the
catchment. Second, variation from a temporal perspective was described.
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we formulated conceptual models to ass;st in selecting indicators for measurmg
ecosystem health.
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catchment. Second, variation from a temporal perspective was described.
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Accordingly, the models describe processes within headwater, channel,
waterhole and terminating wetland areas, and during different broad hydrologic
phases. These are described as ‘dry’, ‘wet’ or flood’,

Additionally, important hydrologic disturbance elements identified in workshaop
sessions were depicted and ilustrated with a number of case studies.

To enhance the combination of figures with key textual descriptions, conceptual
models have been presented using a wholly interactive navigable CDROM
interface which forms a Background Dacument 1: Conceptual Medels for the
Lake Eyre Basin Rivers Assessment Methodology Project. Users are therefore
able to view all or specific model elements.

Using the CODROM, the modsls are arranged across hoth spatial and temporal
scales and can be viewed across either scale. Accompanying the models are a
series of photographs of the Lake Eyre Basin specific for both spatial or
temporal scales. The impacts of disturbance are included in a separate section
that contains sequence animations of hydralogical impacts across regions of the
Basin.

3.1.3 The Role of Hydrology

As outlined in Section 1, the rivers of the LEB are among the most variable in
the world. It is impossible 1o capture the extent of this variability in graphical
conceptual models. We have approached this variability by choosing the major
hydrological phases to present graphicalty.

314

Conceptual Model condent was developed by the project team and work-
shopped at a twa specific meetings.

o Planning meeting Canherra, ACT, September 2003

o Indicator Workshop, Griffith University, Qid, February 2004

Model Development

General Conceptual Madels of Stream & River Ecosystems

Rocgpedeyuta n Lt KESSAR] T4

These general conceptual models  of
upland and lowland sections of a stream
were used by the South East Queensland
Regional  Water Quallty Management
Strategy  (SEQRWQMS) to  graphically
depict the biotic processes occuring within
stream ecosystems.

For the Lake Eyre Basin rivers the extreme
spatial and temporal variability associated
with variable flooding, and the general lack
of specific bictic process information,
makes formulating such diagrams for this
system difficult,

We have chosen to use icons and text to
gxplain the changes in different biotic
groups and ecological processes through
differing aspects of the flood cycle.

L CONCEPTUAL MODELS /.
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3.1.5. Conceptual Model Structure

The conceptual models have been divided inifially by region, so there is a
section relating to “headwater’, a section for “river channels and waterholes”
and a section for the “"terminal wetlands”. Within each region the models
relating to hydrologic and geomorphic processes are presented first followed by
models describing biological processes. The models describing bioogical
processes use a number of icons o describe the changes in bivlogical
communities and processes, both within the channel environmernit and on the
floadplain, through major changes in flow. The major flow distinctions are “dry”
and “wet” with the "wet” phase broken into “flow" and “flood" where appropriate.

" Hydrological &
S /‘V Geamorphological
Spatial
/ ) \ Biological

Region
HW, C&W, TW

Hydrctoglcal & -I
/ Geomorphological

\ _
EE@ \‘ Bio‘lngical

Figure 3.1 Organisation of the Conceptual Models
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lcon Description
@ Water quality
£ Ecosystem Processes

Inveriebrate assemblage

Fish assemblage

Waterhird assemblage

Riparian vegetaiion

Floodplain vegetation (or catchment vegetation for headwater

regions)
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3.2, Headwaters

3.2.1. Values and Threats

The headwaters include the tributary catchments, which occur mainly to the
rniorth and east in Queensiand. [n this region slopes are significant and flows are
more channelised than in other regions of the LEB (Cullen, 2004). These
headwater regicns are the main source of much of the water that travels te
downstraam reaches. Land-use is currently dominated by pastoralism.

The majar threats to the integrity of this region include:

Tree clearing,
Water resource development (dams and diversions),

0
o Weed infestation,
o Shifts from pastoralism to intensive farming (cropping).

o

Mitchell Grass Downs

17
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3.2.2 Hydrologic and Geomorphic Processes
These images graphically describe the hydrologic and geomorphic processes operating in the heacwater regions.

Headwater processes

Rain Iin the headwater regions is rapidly converted to surface flow. Large
downpours can produce significant surface flooding. Runoff from this flat
landscape can produce significant flows downstream.  Thers s
considerable movement of water and sediment from the surrounding
catchment to the channels.

In some regions of the LEB rainfall in the headwaters can infitirate into both
near surface and possibly deeper alluvial aquifers. This infiltration is
paichy and determined by the underlying geology and geomarphelogy.
Where this occurs it may be significant in maintaining permanent
waterhales in fhe headwater regions during dry periods.

AEMEEET R E
alt-4

There are also groups of mound springs (surface expressions of the deep
Great Artesian Basin (GAB) waters). These are significant ecosystems in

1. Rainfaf [neir own right and have very lifile impact on the surface water system.
2 Evaporation lmpacts from GAB waters on surface water systems occur mestly when
3 Overland movement of waler there are uncapped bore drains releasing artesian water into surface water

and sediment to channels systams. In the headwater regions the presence of artesian springs is
4, Seme surface water infiltration patchy.

to alluvial and possible deeper
grounchwater

5. Movement of artesian
groundwaler to the surface via
mound springs {patchy)
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Dry Phase

Headwater Region

Headwater landscapes feature shallow channel definition.

Dry Phase: Alluvium distinguishes the dry river and creek bed flats with few naturally occurring permanent waterholes.
Wet Phase: During wet periods rainfall s easily converted to runoff in the vast, low relief headwater landscapes.

Wel Phase
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3.2.3. Biotic Processes

These images graphically describe the biotic processes of the headwater re

watercourses and permanent waterholes.
Ephemeral Headwater Watercourses

Headwater landscapes feature shallow channe! definition during dry times.
The headwatsr landscape includes
o Ephemeral channels that include a few permanent waterholes (A)
o Riparian zones that are sparse cn ephemeral channels to
substantial around permanent waterheles (B)
0 Surrounding catchment areas of native pasture grass (C)

20
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gions. These processes have been divided into the twe major habitat types: ephemeral

Most channels ara dry, water only held within permanent waterholes — sae nexl tabla

Most channels are dry, watar only held wilhin permanent waterholes - see next table

Deslecation resistant fauna may remain in the dry channels, tess resistant taxa will perish or
move lo permanznt waterhole — ses next fable.

No fauna survive in ephameral channels during the dry, all taxa seek refuge In permanent
walerholes - see next table.

Waterhirds concentraled around permanent waterholes.

Leat litter accumulates on dry ground arpund dry channels. Annual grasses may utilize Ihis
temporary dry hahitat. Only substantial riparian zone atound permanent waterhales.

Terrestrial phase of production. Native pasture grasses.

A the waler raverses ihe landscape, water quality may be modified by soil salinity,
sediments and nutrients.

Mutrient transfer from saturated solls to the riverine natwork

Recruifment of desiccation tolerant taxa. Many endemic species.

Seasonal expansion of habltat. See nex table,

This may be a eritical ephemeral habitat for migratory spedies. |t may also provide a crucial
seasonal food supply of aquatic planis, zooptankion, macroinvertabrates and fish.

Recharge to losal alluvial groundwater which may sustain riparian communities during the
dry.

Sadiment movement, transferance of calchmant nuirients 10 watercourses.
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Permanent Waterholes

VWalar laval duiing 2 lows phase

——

.

Permanant waterhales in the headwater region are significant
refugia in an otherwise ephemsral aquatic environment. The
local aguifer in headwater rivers and some terminaling wellands
may help maintain their aquatic phase permanency during dry
times, This surface-groundwater interaction may be specific to
only some reaches of the alluvial channel, but where present
may be significant in maintaining riverine ecosysiem
permanence.

o Productive littoral zone (A)

o intact riparian zone (B)

o Permanent water = aquatic refugia {C)

Dry

[}

AC

Increasing conductivity as water lavels fall.

Turbidity sither reduced due 1o higher salinity or increased due to shallow water,

Large variations in 24hr temperature and oxygen levels as waler becomes shallow

Incraase in benthic production as more surface area reaches the light — Increase In the bathtub algal
fing. Possible increase in pelagic production as turbidity decreases with increasing salinity.

Harsh physicai and chemical conditiens maean that few resilient fauna survive. The assemirage often
includes highly mabile taxa that can move between isolated waterbodies, as well as taxa resistant to
desiccation.

Fish assemblage contains mostly tolerant taxa. Diversity held within large permanent refugia. At low
waterlevels increased biofic interactions and competition. Increased incidence of disease and othar
stress related faclors.

Waterbirds concentrated arcund permanent watarholes. Nomadic and migratory species absent.

Wet

AC

Fiow reduces conguctivity, Turbidily increases
Smaller 24hr varlations in measures of water temperature and oxygen.

Change In light transmitlance and vertical extraction reduced production.
Pelagic production reduced by both fiow and increased turbidity

Greater proportion of ‘rivering’ taxa as waterbodies connect. Recolonisation to the rver network from
the permanent waterholes which acted as refugia during the dry. Dasiceation resistant fauna can
'boom".

Fish communities increase in abundance.

Flow connacts waterbodies, Connected channels may not provide habitat for large numbers of spacies
but will allow maintenance of populaticons.
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3.24. Disturbance Scenarios

These images describe the major disturbance scanarios for the headwater region. These disturbances include increased water held within local storages (on and off-
stream) and landuse changes from grazing to more intensive agriculture. At the waterhole scale the potential impacts include overuse of surface and alluvial water

Landuse Change

Parkinsania

+

‘-'-r

Farm Dams and Water Resource Davelopment Land-Use Change
The number of dams and water abstraction points may be an important facter in Reduction in native pastures can potentially lead fo soil loss and weed invasicn and
determining their impact on catchment hydrology. Increased water storage will reduce the | reduced floodplain biodiversity.
magnitude and duration of smail flood flows which will impact local and upstream
floodplain processes through reduced inundaticn, and rivering processes through The shift from grazing to more Intensive agriculture increases catchment soif loss, as well
reduced connectivity. as increases nutrients (fertilisers) and chemicals (pesticides) input to the river network

o Increased water held in the catchment, reduction in the number and

permanency of waterholes
o Reduction of downstream flows




o Reduclion of downstream flows
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Groundwater Use

Waler lovel during a flow phase

A

Local Aquifer - Undisturbed Conditions
The local aguifer in headwater rivers and some ferminating wetlands may help maintain
their aquatic phase permanency during dry times. This surface-groundwater interaction
may be specific io only some reaches of the alluvial channel, but where present may be
significant in maintaining riverine ecosystem permanence.

o Productive littoral zone (A)

0 Intact riparian zone (B)

0 Permanent water = aquatic refugia {C)

Redurad watar level during
flow events dus (o diversion

and extrachon.
Waler level during dry phase

¥

Local Aquifer — Disturhed Conditions
Pumping and extraction of water from the sub-surface aquifer can decrease or eliminate
Its interactions with riverine ecosystems. This can result in loss of water permanence and
changes in water quality with impacts on those biclogical communities relying on the sub-
surface aquifer for maintenance of water levels, Downstream flows are also reduced.

o Loss of productiva littoral zone

o lossofrefugia

o Shift from permanent water {refugia) to semi-permanent or tempaorary habital.
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3.2.5. Summary

The conceptual models and associated disturbance scenarios have been
reviewed in the context of LEB values and management issues. Below we
describe the key threatening processes and [ink them to attributes relevant to
management.

Landuse Change

o Increased water storage and abstraction: The conversion of
rainfall to runoff is important in this region for maintaining locai
flows in channels as well as supplying flows to downstream
channels and wetlands. Increases in damming, water extraction
and water diversion will impact on both local flows as well as
downstream flows.

o Shifts from grazing to cropping: The conversion of rainfall to
runoff, as well as the movement of sediment and nutrients into the
channe! network is also important in this region for maintaining
local ecosystems as well as supplying water, nutrients and
sediments to downstream reaches. Changes in landuse (for
example from grazing to cropping) may alter runoff patterns,
increase nutrient supplies to the channel network, change
sediment supply and thus channet and floodplain integrity {through
increased erosion or siltation). These changes would also modify
floodptain and riparian vegetation.

Groundwater Use

o Changes in depth of alluvial groundwater: In some parts of the
headwaters (particulerly the Upper Georgina region) localized
alluvial groundwater is important in maintaining the permanence of
some significant waterholes. Changes in the depth to groundwater
via over-extraction could significantly impact the health and

condition of permanent waterholes which act as refugia for
invartohratae fich ane watarhirde dirina dry narinds

3.256. Indicators

The values, threats and conceptual models for the headwater region have
identified a number of attributes that can be used to develop indicators for
health assessment. The major threatening processes and possibie atfributes
include:
Landuse change
Threat: Increased water storage and abstraction
Attributes that can be measured include Water Use and
Riparian Vegetation Condition
Threat: Shift from grazing fo cropping
Attributes that can be measured include Catchment Condition
and Erosion Potential
Groundwater use
Threat; Change in depth of alluvial groundwater
Attributes  that can be measured include Depth to
Groundwater, Riparian Vegetation Condition, Waterhole
Biodiversity and Waterhcle Water Quality.

Indicators that would measure change in these key atfributes are summarized
in Table 3.1. An implementation apprcach for each measure of an incicator is
highlighted. Where methodology exists and has been trialled in the Lake Eyre
Basin, or elsewhere, to assess river and/or catchment health the indicator could
be implemented immediately. This, however, does nct mean that this measure
is the best or most appropriate measure for that indicator. Other measures that
have been highlighted ‘Pilot Study' and ‘Research and Development’ (R&D)
may actually be better but would require further development before
implementation (see Section 4).
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condition of permanent waterholes which act as refugia for
invertebrates, fish and waterhirds during dry periods.

g Lake Eyre Basin rivers

Table 3.1. Suggested indicators for detecting the change in condition of headwater regions of the Lake Eyre Basin associated with Increased water storage and land-use change.
Implementation categories: “Immediate” = could he implemented straight away, “Existing Data” = there s existing data which could be used to generate long-term
trends, “Pilot Study” = the methodology exists but to be adequatefy used as an indicator in this context in the LEB would require a pilot study — and could be
considered for implamentation in the short-term, “R & D” = this would be a useful technicue but its use as an indicator would require some research and development
and its implementation would need to be considered in the long-term.

Attribute Suggested Indicator Types of measurement Implementation Scale of Measurement Relationship to Conceptual
Modals
. Water licensing infarmation ““!“?‘“ﬂte .
Volume of Water Hald in Existing Daia Regional measurement & N
Storage Area (volume) of water stored calculated o Catchment assessment « Maintaining wgter transfer
from satelite imagery ilot Study from surrounding catchment
Water Use - to channe! network.
Watar licensing information Immedate . » Mainfaining flows to
Percant of Flow Diverted Existing Data Regional measurerient & downstream channels
Area (volume) of water diverted calculated Bitot Stud Catchment assessment
- from satellite imagery y
» Maintaining thoss
mmediate o o germanegt wtaterholes fed
Depth to Groundwater | Depth to Groundwater Change in depth to groundwater Existing Data {local and 0cal MEasUremen: an y Grodncwater.

patchy)

Regional assessment

« Riparian vegetation
condition in areas where
groundwater is used

Ripafian Vegetation
Condition

Local measurement and

Riparian Cover Index Immediate Regjonal assessment
Riparian Composition & Extent Riparian SLATS - using TM and ETM+ Pilot Siud Regional measurament &

images ¥ Catchment assassment
Riparian Recruitment & _ : . Local measurement and
Regeneration Riparian Rageneration Index Immediate Regional assessment
Riparian Percent Exotics Riparian NATIVES Index Immediate Local measurement and

Regional assessment

« Shading, habitat and leaf
litter input around
permanant waterholas,

= Roosting and nesting sites
for sorme waterbird taxa.

o Intact biodiversity
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Attribute Suggested Indicator Types of measurement Implementation Scale of Measuremeant Relationship to Conceptual
Models
. Immediate Local measuremant and » Requlates sediment and
Floadplain Composition & Floodplain Covar Index Regional assessment nut?ient supply fo the
Extent Floodplain SLATS - using TM and ETM+ | Pilot Study Reglonal measurement & channel natwork during
Catchment images Calchment assessment rainfall runoff.
Vegetation Condition ;Ioodplain_Recruitment & Floadplain Regeneration Index Immediate Locgl measurement and « Importance fDI.' pqsture
egenaration Regicnal assessment responge after rainfall
) . . Immediate Local measurament and (industry)
Fioodplain Parcent Exotics Floadplain NATIVES Index Regional assessment « intact havitat
Macroinvertebrate Assemblage Taxg rxchness Pilot Study Local measurement and + Specific to permanent
Composition Modfied SIGNAL Score ——1 Existing Data Regional assessment weterholes.
AUSRIVAS Scores » invertebrate desiccation
% Native Species resistant stages in
Waterhole % Exotic Individuals ephemeral channels
plodersy Fish Assemblage Diversity Immediato Local measursment and Lrgé);{;]asr: ;?WF i“r?tj)t?dn;’tlion
Fish Assembiage O/E Existing Data Reglonal assessment = Intact biodiversity,
nopuiations able to respond
lo inundation,
Conductivity (salinity)
pH « Nalural (expected) levels of
Waterhole Water Water Qualty Turbidity Immediate Local measurement and salinity, nutrients and
Quality Diel range in dissolved oxygen Existing Data Regional assessment turbidity specific to stage in
Ciel range in water temperature fload cycle.
Nutrients (Total & available N and Total P)
R&D » Reguiates sediment and

Erosion Potential

Erosion Potenfial

Landscape Function Analysis

Regional measurement &
Catchment assessment

nittrient supply to the
channel network during
rainfall runoff,
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3.27. Assessment Appreach

Spatial Scale

The suggested indicators can be collected at either the local scale (site based
measurements) or the regional scale {multiple site measurements, regional
surveys or remotely sensed data). s

The number of samples and sites required for an assessment will depend upon
(modified from Whittington et al., 2001):
« Spatial reporting scale of the assessment
Variability of the indicator
Initial condition score of the indicatar
Aggregation and reporting statistics used
Desired level of change to be detected
Desired confidence in detecting that change.

L] - » * -

Local Scale Assessment

With assessment at the local scale, we recommend a nested sampling design
with a minimum of four locations across the “headwater” region (Upper
Thomsan, Barcoo, Diamantina and Georgina Rivers). Within each location five
sampiing sites should be established. With the large inherent natural variation
evident within the Lake Eyre Basin it will be important to be able to distinguish
hetween “within-location” variability and "hetween-location” variability. In each
location one of the selected sites should ideally he a “strategic” sites that may
be a Wetland of Nationai significance, a Ramsar site or other significant
conservation site, preferably with existing data, the remaining four sites in each
location should be chosen randomly.  This would provide a site based
assessment of health, the condition assessment would be relevant only at a
regional scale and imited infermation on catchment condition could be inferred.

For the headwater region existing monitoring sites could be captured in an
assessment program, building on existing monitoring. These include the QNRM
Water Quality Monitoring sites for the upper Cooper Creek system; Aramac

Creek, Reedy Creek and Sandy Crask as well as the upper Thomson River at
‘Camoola Park’ and the upper Barcoo River at Blackail. There are no existing
sites in the headwater regions of the Diamantina or Georgina Rivers and these
wolid need to be established. Wetlands of International Importance In the
region include a number of spring sites: Aramac Springs, Cauckingburra
Springs, Doogmabulla Springs.

Catchment Based Assessment

If catchment based assessment is required then either a larger number of sites
is needed for each catchment or remotely sensed data could be used over a
larger area. The Sustainable Rivers Audit of the Murray-Darling Basin
suggested between 18 and 30 sites per river valley (sub-catchment) were
needed for various indicators to make a catchment assessment of condition.
Altheugh this will need to be fested for the Lake Eyre Basin it does suggest that
with the iarge number of sub-catchments within the LEB a large number of sites
would be needed to undertake a full catchment assessment.

Hybrid Approach

A hybrid approach may be to utilize a network of locations across the basin for
which “site-based” or local assessment is undertaken {with a number of sites
sampled in each location). In conjunction, a representative number of
catchments within the headwater region, would he assessed using a catchment
based assessment with a large number of sites per sub-catchment. The
number of sites required to make an assessment of condition and detect
possible change (power) for each indicator would need to be determined for
@ach sub-catchment from Pilot Studies.

Recommended Spatial Approach

Given the scale and remoteness of much of the Lake Eyre Basin, we
recommend the hybrid approach for selecting assessment sites with a minimum
of 20 sites (5 sites within 4 separate locations) be established across the
headwater region for the site based indicators and 4 regions for the reach and
region scale indicators. For more detall see Section 4.9,
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Temporal Scale

Frequency of Assessment

Scale factors and indicators chosen will determine the choice of frequency of
assessment. Different indicators will be assessed at different frequencies within
the 10 year reporting framework,

Seasanal Sampling

Seasonal sampling would reflect the spring and autumn sampling used in other
assessment programs. It would be underfaken on a subset of permanent
waterholes.

Events Based Monitoring

Rainfall and flows in the headwater region are influenced by seasonal climatic
conditions, including monsoonal phases and alse by langer term climatic
fluctuations such as E! Nino and La Nina cycles. The biotic response to each
event will differ depending on the timing, magnitude and duration. Any
assessment of trends in this region witl need to consider the initial condition and
variahility associated with seasonal extremes.

Recommencdled Temporal Scale

Although there is a seasonal component to rainfall in the headwater regions
there is also a distinct unpredictable pulse in rainfall and thereby channel filling
and subsequent flooding. We recommend that assessment be undertaken
seasonally in the permanent waterholes and in response to flow events at these
and other sites. The aim of temporal sampling will be to detect the response to
the flow event and follow the subsequent change over a short temporal
sequence.

iR

Assessment Development

A number of suggested indicators have been highlighted as needing to be
tested in a Pilot Study befere they should be implemented in an assessment
program (see Table 3.1). Cthers have been identified as useful and possibly
cost-affective techniques, howsaver, they would require a phase of research and
development before they could reliably be used as indicators.

Attribute Indicator Type of measurement
Require Pilof Sfudies
Velume of water held in Area {volume) of water stored calculated from
Water U storage satellite imagery
ater Use
Percent of flow diveried Area (volume) of water diverted calculated
from sateflite imager
Riparian i .
Vegetation S;f;:'tan composition & Riparian SLATS using TM and ETM+ images
Candition
EEO;F;'?(‘:\ Floodplain composition & Floodplain SLATS using TM and ETM+
Ca?l dition extent images
Waterhole Macroinvartiebrate Taxa richnass, Modified SIGNAL score,
Biodiversity Assamblage Composition  AUSRIVAS score

Require Research and Development

Erosion Pofential — Erosion Potential Landscape Function Analysis
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2005 Implementation

The following indicators could be implemented as part of an assessment
program immediately (2005). For full details on their specific methods see

Section 4.

Attribute Indleator

Type of measurement

Couldd be Implemented Immediately {2005)
Volume of water held in

Water Usa storage

Parcent of flow divertad
Depth to
Alluvial Depth to Groundwater

Groundwater

Rip. Composition & extent

Water licensing information

Water licensing information

Change in depth to groundwater

Riparian Cover Index

Riparian Rip. Recruitment &
Vegatation : ) Riparian Regeneration Index
Condition Regeneration
Riparian Percent Exotics Riparian NATIVES Index
Fldon, composition & extent  Floodplain Cover Index
Floodpiain . .
Vegetation Edizéf?g ;ntmeni & Floodplain Regeneration Index
Condition Genera _
Floodplain Percent Exotics Floodplain NATIVES Index
Waterhole Fish Assemblage % Matlve spacies, % exotic individuals, Fish
Biodiversity Composition assemblage O/
Waterhole Conductivity, pH, Turbidity, Digl DO, Diel

Water Quality Water Qualy

temp, Nutrients (Total & Available N and P).

A AL T ot S A R B

Western River Catchment, Diamantina
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3.3. River Channels and Waterholes

331 Background

River channels and waterholes dominate in the distributary floodplain regions of
the Lake Eyre Basin, In this region there are two main habitat types:

s Ephemeral waterholes and channels that fill after rainfall or river flows
but then dry — these can have a range of ephemeralities (from highly
ephemeral and rarely flooded to semi-permanent)

e Permanent Waterholes that are topped up by river flows and rainfall but
rarely dry complefely, maintaining water and functioning as aquatic
refugia during dry fimes.

The ephemeral waternoles and channels are hydrologically and biologicaily
exceptionally variable. There are some aquatic plants and animals that can
utilize them, especially those with resistant life stages or that are highly mobite,
however, during dry times most aquatic fauna is restricted to the permanent
waterholes (Bunn & McMahon, 2004).

The large floads characteristic of the Lake Eyre Basin connect the permanent
and ephemeral habitats aflowing dispersal of many organisms and giving rise to
hooms of aquatic production which filters through the food chain into fish
preduction and massive waterbird breeding events (Bunn & Mchdahon, 2004).

3.3.2, Values and Threats

The river channels and waterholes of the Lake Eyre Basin are valued for their
wild river status and their unigue biodiversity. The combination of flow variability
and geomorphic complexity within this region creates a distinctive boom and
bust ecology, with characteristic episodes of intense reproduction and high
productivity (Bunn & McMahon, 2004). The black soil floodplaing in this region
are also an impertant intermittent pastoral resource for the LEB pastoral

¢ tandscapes and walercourses that are valuable for production,
aesthetic, witderness, cultural and tourism purposes

o Aguatic ecosystem health which is maintained by naturally variable flow
regimes and water quaity

o Flow variability and seasonality to maintain ecological processes and
biodiversity

e Maintenance of heneficiai flooding for pastoralism and floodplain
gcosystems processes

Threats to this region include:

e Upstream and local water storage and diversion that influence and aiter
water quality and both the frequency and magnitude of in-stream flows
as well as the extent and duration of floodplain inundation.

» Degradation of riparian areas through overgrazing is a threat to
waterholes

» Deliberate or accidental introduction of exofic and pest species

» Tourism & Infrastructure

Photo by Jon Marshall
Murken Waterhole, Cooper Creek
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oroductivity (Bunn &McMahon 2004} The black sofl ﬂoo'clplains in this regibn
are also an important intermittent pastoral resource for the LEB pastoral
industry. The values can be summarized as.

Murken Waterhole, Cooper Creek
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Phote by Stuart Bunn

Clifton Hilis Waterhole, Diamantina River
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Channel Country under flow conditions
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Photo by Peter Brunner

Thomson River Flood at Longreach

Phaoto lby James Fawceft
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3.3.3. Hydrologic and Geomorphic Processes

These images graphically describe the hydrologic and geomorphic processes operating in the river channels and waterholes regions.

[ Movemenl of water on lo Ihe floadp!zin dnring flood
7 Rairfall

8 Evaporation

9 Overland movemet of waler and sediment lo channels
10. Surface water infiliralion to subsurface aquifers

11. Water and sediment flow downsiraam via the channgl

12, Possible groundwater movement in to the river channel

Channel Processes

in the mid region of the Rasin there are large river channels with natworks of branching
or anastomosing channels. Local rainfall can contributs to channel flows, however, the
majority of water in this region comes from upstream, There are strong lateral
connections batween tha river channel network and floodplain in this ragion. In some
regions there may be aliuvial aguifers close to the surface, however, thare is fitils
evidence of their influence on surface flows.

LU A W
\
S

13 Rainfal

14, Evaporalion

13 Movetnent of water and sediment between
the watsrhole and floadplain during flood
events

16. In-sit cycling

17, Possible swlace infiltration o sand layer
with movement of walar back info viaterhole

18. Sedimenl deposition

Waterhole Processes

M the mid region of the Basin there are large permanent waternoles. As with the river
channel network in this region, rainfali contributes small amounts fo surface flow,
nawever, the maijority of flow is from upstream or lateral movement across the fioodplain
during flocds. When disconnected from the channe! network waterholes function as
separate mesacesms with in-situ cycling and production.
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The rivers during dry times can contain naturatly semi-
permanent to permanent waterholes. The presence of
more permanent surface water means riparian
vegetation can be supported.

At a landscape rerspective, 'dry’ river channels are
represented by isalated and disconnected waterholes,
Waterholes will vary in their permanency, though few
will remain after extended periods with no inflows.

The permanent waterholes fend to be fixed features in
the landscape with litte spatial reorganisation after
floods (see Knighton & Nanson, 1994

The rivers during the flow phase generally remain

pelow bank level. [solated and disconnected
waterholes become connected.

The riverine landscape fealures flowing river channels.

Many of the anastormosing channets fill and waterholes
are reconnected.

TCBW

During a flood flow in the river channels increases and
the vast floodplain can become inundated.  Across the
floodplain there are various zones coresponding to
different flood extents.

During a ficod the riverine landscape bacomes
inundated. The main chaanel network can be tdentified
by lines of trees.

.
a

£ A e A
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Waterholes
Dry . Flow

Waterholes during dry conditions are isolated; some Waterholes during wet conditions can become topped
are semi-permanent while others are permanent.  up by rainfall and may hecome connected via channel
During extended dry periods water levels in even the flows. Connecting flows act to change or "reset” water
more permanent waterholes can tecome very low.  quality conditions.

Curing tow flow periods water qualily can deciine

substantially.

A R, e e 9 ok 2 B o R

Flood

See landscape perspective of a flood where all
waterholes are connected,
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3.3.4.

Biotic Processes

These images graphically describe the biotic processes of the river channel and waterhole region. The initial image graphically describes changes in ecological
processes in dryland river waterholes as they move from connected and full through to disconnected and drying. The following images describe biotic processes in the

two major habitat types: waterholes & channels and floodplain.

Surfags flow betwaen walerholas

« nalitloral GRF — inundation jac briaf
- very [ow pelagic GP™ — flavans water
+ i prafundsl GFP — leo dark

+ inpul and mixing f nulricats
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Cease flow
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- fish grow and regroduca
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Waterhole dynamics

High turbidity is a natural feature of Lake Eyre Basin waterholes, with light
penetration for photosynthesis cften restricted to less than 30 em. Despite this
high turbidity, waterholes often have a productive band of algae restricted to the
shallow littoral margins - this has heen termed the bathtub ring (Bunn et al,
2003). This ring of algae appears to be a major source of energy for the aquatic
food web, and sustains large populations of invertebrates and fish - and ultimately
waterhirds.

This figure summarizes the general changes in production, food sources and
invertebrate and fish assemblages as a hypothetical waterholes in the Cooper
Channet Country dries after becoming disconnected (Bunn pars comm.).
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Waterholes and Channels

increasing conductivity as water levels fall. Variable turbidity as in headwaters.
Large variations in femperature, axygen levels and available nutrients.

Increased benthic production - bathtub alpal ring.
Possible increase in pelaglc production ag turhidity decreases with increasing salinity,

In temporary waterholes only resiliant taxa survive.
Pemanent waterholes contain higher bicdiversity.

Temporary waterholes contain masily tolerant laxa, which will perish f waterholes dry. Diversity held within
large permanent watarholes, Al low water-lavels increased bicfic interactions and competition. Increased
incidence of disease and other stress related faciors,

Waterbirds concenirated around permanent waterhcles. Nomadic and migratory species absent.

¥
Dry
-
%
=
i,
Flow

Waterhales during dry conditions are isolated: some are
semi-permanent while others are permanent.  During
oxtended dry periods water levels in even the more e

Flow reduces cenductivity. Turbidity incraases
Smaller 24hr varlations in water temperature and oxygen.

Reduced praduction as surfacs area and light transmitiance Is decrezsed. Pelagic production reduced by both
flow and increased turbidity

Greater proportion of ‘riverine' taxa as waterbodies connect. Recolonisation to the river network from
permanent waterholes - rafugia during the dry,

Fish increase in abundance with flow but may ba food limited with liths production while the river remains within
its channel

Flow connects walerheles and increases habitat for waterbirds. Connected channels may not provide habitat
for farge numbers of species but wil allow maintenanca of popuiations.

permanent waterholes can become very low. ‘?f{“
Waterholes during wet conditions can become topped up ;’?
by rainfall and may become connected via channe! flows. <

o Permanent waterholes (A}

o Productive littoral region (B)

o Riparian zones that are substantial around Flood
permanent walerholas {C)

Low conductivity, high turbidily. Extensive flooding of terrestrial vegelation can cause massive reduclions in
water oxygen levels due to increased respiration via decomposition. Petential increase In nutrlents in
association with flooding.

Extensive praduction with floodplain nundatian - large amounts of both benthic and pelagic aigal production.

Extensive biooms of zooplankian and desiceation resistant taxa (sy. Nolostraca).

Massive breeding and recruitment of many nafive laxa ccours during flooding.

Inundation provides critical habital for waterhirds with many micratore snacies ising fooded swamns and

St s e




C Inundation provides critical habitat for waterbirds with many migratory species using flooded swamps and
wellands for breeding.
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Floodplain

o e g o o

The river landscape features channei networks that during 'dry’ phases are
represented by isolated and disconnected waterholes. During a flow phase
water lavels gererally remain beiow bank level, with isolated and
disconnected waterholes becoming connected. During a flaod the river
channels are fast flowing and the vast floodpiain can become inundated.
Across the flcodplain there are various zones corresponding to different
flocd extents

o Walerholes of varying degrees of ephemerality (sphemeral te

permanent) (A)
0  Riparian zone defines the channel network (B)
o Surrounding floodplain (C)

ff A Most channels are dry, water only held within permanent waterholes - see waterhola table
o A Mosi channels are dry, water only held within permanent waterholes - see wateriols table
A Desiccation resistani laxa may remain in the dry channels, less resistant taxa will parish or
move to permanant waterhcles - see watarhole table.
pr o A Mo taxa survive in ephemeral channels during the dry, all {axa seek refuge In permanent
Dry = waterholes — see watarhole table.
a "‘i(‘ it B Taxa concantrated around permanant waterholes. Nomadic & migratory species absent.
B Leaf litter accumulates around dry channels. Riparian zone around permanent waterhclas,
% lining more frequently flooded channels, or following regions of sub-surface water,
s C Terrestrial phase of production on floodplain. Native pasture grasses,
4 A Flow reduces conductivity, Turbidity increases.
A Raduced production as surface area moves out of the light.
Pelagic production reduced by both flow and increased turbidity
A Greater proportion of 'rivering' faxa as waterbodies connect. Recolonisation to the river
network from the permanant waterholes which acted as refugia during the dry.
A Fish communities increase in abundance with flow but may be food fimited with litte
Flow produgction while the river remains within s channe!
- B Flow connects waterbadies and increases habitat for waterbirds. Connected channels may
7, ot provide habitat for large numbers of species but wiil allow malntenance of populations.
%‘%‘& B Water supply for riparian areas, recharge of local alluvial aquifers
il C Terrestrial phase of production on floodplain, Mative pasture grasses.
if A Water quality modified by soil salinity, sediments and nutrient loads,
“ 5 A Nutrlent ransfer from saturated sails 10 the riverine network
) A Recruitment of desiccation tolerant taxa. Many endemic species,
@W A Massive breading and recruitment of taxa occurs during fooding. lnundaled floodplain acts
Wet i as a "nursery" area for juveniles. Boom time
e s
‘%ﬁ;‘”"’" B Acriical ephemaral habilat for migratory species, alse provides a crucial food supply.
@ B Recharge to locat aftuvial aquifer which may sustain riparian communities during the dry.
C Sadiment mavemant, transfer of nutrienls between floodplain and watercourses.
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3.3.5.

Disturbance Scenarios

These images describe the major disturbance scenarios for the river channel & waterhole region. These disturbanceas include:
o catchment scale changes to waterhole parmanence in the landscape through upstream water storage, extraction cr diversion
o reach scale changes to the hydrological landscape threugh water extraction or diversion
o changes to waterhole diversity which may occur through overgrazing, riparian destruction, increased abundance of exotics, increased nutrient input as well as
changes to local and catchment scale hydrology

Waterhole Permanence in the Landscape

This case study can be used to show how changes to hydrclogy {via upstream and focal dams, extraction and diversion) could affect the permanency and function of
downstream ecosystems. A reduction in the frequency of connecting flows can render permanent waterholes semi-parmanent and change the nature of waterhole
distribution. The sequence below demonstrates what would happen to waterholes in a region cf the Cooper floodplain if flows were now received for different periods

of time,

1930 Flood -

All waterholes connected
Large fioods such as the 1990 flood
(depicted) in the Cooper Cresk region
inundate vast floodplains. Such floods
connect all the major waterholes
throughout the system.

After Flood

All waterholes filled, Waterhole >0.1km?2
After the floodwaters recede major
waterholes those waterhcles (>0.tkm3)
as well as many smaller waternoles are
full.  Many are not permanent and if
more water does not arrive waters wil
graduzlly evaporate.

Dry Spell < 2 years

¢

Waterholes > 2km?, ~B0

After less than 2 years without flow
the number of waterholes has heen
reduced to approximately 80, all >
2km2,

Dry Spell > 2 years

&,

Waterholes > Skmé#, ~40

After mare than 2 years without
flow the network was further
raduced and only those waterholas
> Bkm? remain, approximately 40 in
the entire area.

4

Dry Spe}l > 5 years

Waterhotes >16km?, only 5.

As the dry spell continued and no
channe!l or flood flows were
received for more than 5 years
there were only 5 watetholes left in
this region of the Cooper
catchment Persistent waterholes
had areas >16km?.
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Water Extraction
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Undisturbed large river channels during dry conditions
comprise a number cf isolated and disconnected waterholes.
Pumping, extraction and water diversion can reduce tha
parmanence of waterholes such that river channe! landscapes
may become totally dry with few or no waterholes remaining
during dry times. Heavy pressures an fewer permanent
watarhoias could impact aquatic and rigarian communities and
decrease the ground water depth to below the raot zone of
groundwater dependant spacies.

The undisturbed river channel during the wst phase
comprises a number of connected waterholes. Pumping,
extraction and water diversion focally, as well as dams and
axtraction in the heacwaters, can reduce this connactivity.
Waterholes may get mirer top-up' fiows but thelr frequency
and duration is decreased. The permanence of many
waterholes is reduced. The effect of flow alteration upon
the ecosystem dynamics of these waterholes is unclear, bus
community and population changes would be pradictad by
changas to migration and connection pathways..

¢ Increased water held either locally or in upstream catchments recuces:

= the number and parmanency of waterholes

=
=N

the frequency and duration of waterhole connection
tha frequency and duration of floodplain inundation

@@ }

The undisturbed riverine landscape during & flood comprises flowing
channels and & vast area of inundated floodplain. Floodwaters result in
a 'hoom’ fime for riverine biological communities and floedplain pasture.
Pumping, extraction and water diversion locally, as well as dams and
axtraction in the headwaters can reduce the duration and extent of
small to medium floods.
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Waterhole Diversity

Undisturbed Condition

Undisturbed waterhcles coniain diverse biological communities including native fish and
long-lived turtles endemic to the Lake Fyre Basin. These walerholes have complex bank
siructure and their litoral zones are areas of high primary production, they also play a
critical role in supparting ihe terrestrial ecosystem.

Disturbed Condition

Disturbed waterholes can show increased proportions of exotic species (1) and a decline
in the diversity and numbers of native species. Increased frequency and duration of toxic
algal blooms (2) and other aitributes of poor water quaiity may be evident along with loss
of in-stream substrate complexity due to saitation {3). The riparian zone may have a
reduced cover and diversity of native vegetation.
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3.3.6.

Summary

The conceptual models and associated disturbance scenarios have been
reviewed in the context of LEB values and management issues, Below we
describe the key threatening processes and link them to attributes relevant to

management,

¢ Increased Water Storage and Abstraction

o

Increased upstream and local water use: The local conversion of
rainfall to runoff as well as the supply of water from headwater regions
is important for maintaining focal flows in channels as well as supplying
flows to downstream channels and wetlands. Increases in upstream
damming, water extraction and water diversion as weli as local water
extraction and water diversion will impact en both focal flows as well as
downstream flows.

Decreased connection hetween waterholes: Waterhole connectivity
during flow (not fiood) phases is ¢ritical in-maintaining waterholes as
refugia during dry times. Often the time interval between large floods
is fong and within channel connacting flows provide vital maintenance
functions.

Reduced area of beneficial flooding: Floodplain inundation plays a
vital role in providing the flush of growth that is utilized by the pastoral
industry to support their production.

« Reduced Channel and Floodplain Complexity

0

River-Floodplain Interactions: The vastness of floodwater
inundation during flooding suggests a close relationship between the
river and the floodplain for the Lake Eyre Basin rivers. Flooding
provides a source of water for the floodplain and is a crucial factor in
the use of the region as a grazing area. During flooding, the floodplain
is a source of sediment and nutrients that can eventually end up in the
river network. Changes in riparian and floodplain condition could

@

greatly increase the supply of sediment and nutrients to the river with
impacts on rivering processes,

Range of waterholes of varying complexity and flooding frequency.

Not all the biota ar diversity is held within the permanant waterholes.
There are many taxa that require desiccation and drying as critical
points in their life cycles. For these taxa a range of flooding and drying
frequencies is required. The natural range of flooding and drying
frequency of waterholes may he changed by increased water use
upstream andfor changes for floodplain complexity such that
waterholes are not connected under certain flows.

Waterhole Integrity
0 Permanent Waterholes: Permanent waterholes are significant sites

within the channe! region for maintaining biodiversity during dry
phases. They may provide refuge for populations with non desfccation
resistant fife stages that would ctherwise disappear from the channel
network during dry, "bust’, imes. They are the population source for
the mass breeding and recruitment events, “boom” times associated
with flooding.
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3.3.7.

The values, threats and conceptual models for the river channel & waterhole
region have identified & number of attributes that can be used to develop
indicators for health assessment. The major threatening processes and
pessibe attributes include:

Indicators

Increased Water Storage and Abstraction

Threat: Increased upstream and local water use
Attributes that can be measured include; Water Use

Threat: Decreasad connection betwsen waterholes
Aftributes  that can be measured inciude: Hydrological
Variability, Waterhole Biodiversity, Riparian Vegetation
Condition

Threat: Reduced area of heneficial flooding
Attributes that can be measured include: Flood Extent,
Floodplain Vegetation Condition

Reduced Channel and Floodplain Compiexity

Threat: Reduced Channel and Floodplain Complexify
Attributes that can be measured include Channel System
Integrity, Water Use

Threat; Reduced River-Floodplain Interactions
Attributes  that can be measured include: Hydrological
Variability, Riparian Vegetation Condition,  Floodplain
Vegetation Canditian,

Threat: Reduction in diversity of waterhofe fypes.

@&

Aftributes that can be measured include Channel System
integrity

Maintenance of Permanent Waterhole Health

Threat: Upstream and local water use
Altributes that can be measured include: Water Use,
Hydrological Variability, Flood Extent.

Threat: Increase in abundance of exotic taxa
Aftributes that can be measured include: Riparian Vegetation
Cendition, Waterhole Biodiversity.

Threat: Increase in nutrient and sediment stupply
Attributes that can be measured include Waterhole Water
Quality, Waterhele Processes, Channel System Integrity.

Suggested indicators that would measurs change in these key components are
summarized in Table 3.2. We have highlighted an implementation approach for
each measure of an indicator. Where methodology exists and has been trialled
in the Lake Eyre Basin or elsewhere fo assess river and/or catchment health
the indicator could be implemented immediately. This, however, does not
mean that this measure is the best or most appropriate measure for that
indicator.  Other measures that have been highlighted ‘Pilot Study' and
‘Research and Development’ (R&D} may actually be better but would require
further development before implementation (see Section 4).
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Table 3.2, Sugqested indicators for detecting the change in condiflon of channel and waterhole regions of the Lake Eyre Basin associated with increased water storage and land-
use change. Implementation categories: “Immediate” = could be implemented straight away, “Existing Data” = there is existing data which could he used to generate
long-term trends, “Pilot Study” = the methodology exists but to he adequately used as an indicator in this context in the LEB would require a pilot study - and could be
considered for implementation in the short-term, “R & D” = this would he a useful technigue but its use as an indicator would require some research and development
and its implementation would need to he considered in the long-term.

. R . Relafionship to Conceptual

Attrlbute Suggested indicator Types of measurement Implementation Scale of Measurement Models

N : Immadiate
Volume of Water Held in Upsiream water licansing information Existing data Cafchment measurement & = Maintaining water transfar
upstream Storage Upstream area (volume) of water stored Skt Stud Basin-wide assessment from surrounding catchment

Watsr Lse calculated from satellite imagery Y to channel network,

Water licensin information immediate « Maintaining flows in
Percent of local and upstream g Existing Data Regional measuremant & channels and waterholes
flow diverted Area (volume) of water diverted calculated . Catchment assassment « Maintaining flow variability
o Pilot Study
from satellite imagery B
Long-term variability (and changes inlong- | . ) . .
term variability) in amplituds, frequency Ei?stt?}tu%yata * ‘r‘\!lamt}enance of "boom* and

Hydrologicat and durafion gfflaods ’ Catchment t I\l/i)u'si ?ydes'l ds of

/ - iabil Long-term changas in variability of muiti- | Pilot Stud alhment measuremen ¢ Malniain periods o

Variability Flow Variabllty annﬁal flows g y Existing D{ata Basin-wide assessment connecticn and

Pilot Study disconneclion of waterholes.
Predictability analyses Existing Data » Maintain dynamic variability
Changes in the discharge vs. Flood extent | Immediate Regional measurament and « Maintain diversity of floading

Flood Extent

Flood Extent

relationship

Existing Data

Catchment assessment

regimes and productive
floodplain growth.

Riparian Vegetation
Conditicn

Local measurement and

Riparian Composition & Extent prar!an cove Indexl mmedete Reg@onal assessment
Riparian SLATS — using TM and ETM+ . Regianal measurament &
. Pilot Study
images Catchment assessment

Riparian Recruitment & - . . Local measurement and

) Riparian Regseneration Index Immediate :
Regeneration Regional assessment
Riparian Percent Exotics Riparian NATIVES Index Immediate Logal measurement and

Regional assessment

+ Shading, habitat and leaf
litter input around
permanent waterhales and
channels

« Reosting and nesting sites
for some waterbird taxa

» [ntact bicdlversity
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Tahle 3.2. Suggested indicators for detecting the change in condition of channel and waterhole regions of the Lake Eyre Basin associated with increased watar storage and land-
g Y NS0T
use change. Implementation categories: “Immediate” = could be implemented straight away, “Existing Data” = there is existing data which could be used to generate
g p g
tong-term trends, “Pilot Study” = the methadology exists but to be adequately used as an indicator in this context in the LEB would reqjuire a pilot stucly - and could he
considered for implementation In the short-term, “R & D" = this would be a useful technigue but Its use as an indicator would require some research and development
and its implementation would need fo be consl|dered in the long-term.
Attribute Suggested Indicator Types of measurement ¢ Implementation Scale of Measurement ﬁi‘gsg nship to Conceptual
e , immediate
Veolume of Water Held in Upstream watar licensing information Existing data Catchment measursment & + Maintaining water fransfer
upstream Storage Upstream arez (volume) of water sfored Pilot Stud Basin-wide assessmant from surrounding catchment
calculated from satellite imagery Y to channel network.
Water tUse L .
Water licensing information Immadliate » Maintaining flows in
Percent of local and upstream g Existing Data Regicnal measurement & channels and waterholes
flow diverted Area (volume) of water diverted calculated Pilot Stud Calchment assessment = Maintaining flow variahility
from satellits imagery ¥
Long-term variabiiity (and changes in long- | . , . .
term variability) in amplituds, frequency ?Iptftudy . !}AalnEEHEHCG of “boom” and
and duration of floods Kisting Data bust” cycles.
Hydrological _ Lonater PR ‘ ; Catchment measurement = Maintain periods of
s -term changas in variability of multi- Pitat Stud ~HIE !
Variahility Flow Variabilly annaaleﬂows J 4 ! Existinc D{”sta Basin-wide assessment connection and
Pilot Study disconnection of waterholes.
Predictability analysas Existing Data » Maintain dynamic variability
: : . .  Maintain diversity ¢f flooding
Ficod Extent Fiood Extent Changes in the discharga vs. Flood extent | Immadiate Regional measurement and regimes and productive

relationship

Existing Data

Catchment assessment

floodplain growth,

Riparian Vegstation
Condition

Local measurement and

Riparian Cover Indax Immeadiate . = Shading, habitat and lzaf
Riparian Composilion & Extent o e e T and ETH ng:gﬂ:: i liter inpult around

nip 9 Pilot Study g permanent waterholes and

imagas Catchment assessment channels
Riparian Recruitment & _ . | Local measurement and . I
Regeneration Riparian Regeneration Index Immediate Regional assassment Roosting and nelstmg sites

Local Measurament and far some waterbird taxa

Riparian Percent Exctics Riparian NATIVES Index Immediate s Intact hiodivarsity

Regional assessment

W
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Attribute

Sugyested Indicator

Types of measuremant

Implamentation

Scale of Measurement

Relatienship to Conceptual
Models

Local measurement and

» Requlates sedimeni and

Floodpiain Composition & Floodplain Gover Index Immediate Regional assessment nutrient supply to the
Extent Floodplain SLATS — using TM and ETM+ Pilot Study Regional measurement & channel netwark during
Riparian Vegetation ‘ . “images Catchmant assassment flood inundation and rainfall
Condition ff;lood piam‘Recrunment & Floodplain Regeneration Index immediata Locql measurement and runoff,
egeneration Regional assessment » Importance for pasture
Local measurement and respense after hoth rainfall
Fioodplain Percent Exofics Floodplain NATIVES Index Immediate Redi and flaeding
egional assessment r e
« Intact blodiversity
Co Piant biodiversily measures (richness) . Local measurement and « [ntact biodiversity within
Riparian and Riparian Diversity Functiqna! divgrslty _ Pilot Study Regional assessment floodplains and riparian
Floodpiain Floodplain Diversity fi?lamt plodlvgrsny‘measures {richness) Pilot Study Local measurament and zones .
Biodiversity unctional diversity Eeg!onq} | assessment - o Intact ;,\é?terbwt?] :
. - o . egional measureman assemblages that can
Waterbird Assemblage Diversity | Waterbird Diversity Immediate Catehment assessment respond to flaod evants.
Macroinvertebrate Assemblage mﬁf{;%hg?é; A Sonte Pilot Study Local measurement and = Different expected diversity
Composition LUSRIVAS Scores —t Existing Data Regional assessment with waterholes of different
permansncy
» Highest divarsity and intact
% Native Species populations In permanent
Waterhole refugial waterhol_es .
Biodiversily — oca g . Invgrttebtratte desiccation
) N N mmediate ocal measuremeant an resistant stages on
Fish Assemblage Diversity % Exafic Individuals Existing Data Regicnal assessment floodpiain, respond to
flooding a8 ‘boom’ response.
» Intact hiodivarsity {hoth fish
Fish Assemblage O/E and invertebratas) abla to
respond to flooding
Conductivity (safinity}
pH « Natural (expacted) levals of
Waterhole Water Water Quali Turbidity Immediate Local measurement and safinity, nutrients and
Cuality v Digl Range in dissolved oxygen Existing Data Regional Assessment turhiclity specific to stage in

Miel ranre in water temperatire

ilood cyele,
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Attribute

Suggested Indicator

Types of measurement

Implementation

Scale of Measurement

Relationship to Conceptual
Models

Waterhole Processes

Banthic metabolism

Local measurement and

s High levels of benthic
production during waterhols
phase

» Expected low levels during

Algal Biomass & composition i
(Function) Ecosystem Processas Pllot Study Regional Assessment flow phase
8 = High lavals of flocdplain
Carbon & Nitrogen stable isotopes production during flooding
“boom” time.
+ Regulates sedimant and
. ) ) . ) . Regional measurement and nutrient supply to the
Erosion Potential Eroston Potential Landscape Function Analysls R&D Catchment Assessment channel network during
flooding and ta
Floodplain geomorphic complexity R&D * Maintains variable channgl
Channa! System . Channal Complexity Pilot Study Local measurement and network with full range of
: Channel System Integrity : j ;
Integrity Within Waterhole complexity Pilot siudy Regional Assessment waterhcle and floodplain

types.
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3.3.8. Assessment Approach

Spatial Scale ’
The suggested indicators can be collected at either the local scale (site based
measurements) or the regional scale (multiple site measurements, regional
surveys or remotely sensed data).

The number of samples and sites required for an assessment will depend upon
(modified from Whittington et al., 2001):
« Spatial reporting scale of the assessment
Variability of the indicator
Initial condition score of the indicator
Aggregation and reporting statistics used
Desired level of change to he detected
Desired confidence in detecting that change.

L] L] L] - -

Local Scale Assessment

With assessment at the local scale we recommend, as outlined in the
Headwaters Section, a nasted sampling design with a minimum of ten locations
across the “channels and waterholes” region. These locations should include
middle and lower reaches of Cooper Creek (4 locations), middle and lower
reaches of the Diamantina and Georgina Rivers (4 locations) and the western
rivers (2 locations). Within each location five sampling sites should be
established. With the large inherent natural variation evident within the Lake
Eyre Basin it will be important to be able to distinguish between "within-location”
variability and “between-location” variability. In each location one of the
selected sites should ideally be a "strategic” sites that may he a Wetland of
National significance, a Ramsar site or ather significant conservation site,
preferably with existing data, the remaining four sites in each location should be
chosen randemly.  This would provide a site based assessment of health, the
condition assessment would be relevant only at a regional scale and limited
information on catchment condition could be inferred.,

For the channels and waterholes region existing menitoring sites could be
captured in an assessment program, building on existing monitering.  These
include the QNRM Water Quality Monitoring sites for the middle and lower
reaches of Cooper Creek, and the Diamantina and Georgina Rivers (see Bailey,
2001). Wetlands of International Importance in the regien include the Birdsville
- Durrie Waterholes Aggregation (QLD023), Cooper Creek Overflow Swamps -
Windorah (QLD025), Cooper Creek Overflow Swamps- Nappa Merrie
(QLD026), Cooper Cresk-Wilson River Junction {QLD027), Diamantina Lakes
Area {(QLD(0Z28), Diamantina Overflow Swamp-Durrie Station (QLD02S),
Georgina River King Creek Floodout (QLD030), Mulligan River-Wheeler Creek
Junction (QLD0O39). Other important existing menitoring and research sites that
shoutd be built into any site based assessment program are thcse established
sites of the ARIDFLO program and the CRC for Freshwater Ecology Dryiand
River Refugia Project. Sites for these projects are based on the channel and
waterhole regions of the Cooper, Diamantina and Neales rivers and have
existing databases that span a number of years.




Methodorcgy fqrAssessing the_a__Health of the Lake E_y_re Bas;‘n‘ri_ve‘rs

Catchment Based Assessment

if catchment based assessment is required then either a larger number of sites
are needed for each catchment or remotely sensed data could be used over a
larger area. The Sustainable Rivers Audit of the Murray-Darling Basin (MDB)

recommended between 18 and 30 sites per river valley (sub-catchment) were

needed for various indicators fo make a catchment assessment of condition,
Although this still needs to be tested for the Lake Eyre Basin, with its hlgher
natural variability compared to the MDB, it suggested that a farge number of
sites will be needed to undertake a full assessment of the Lake Eyre Basin.

Hybrid Approach

The same rationale for a hybrid approach as outlined in the "Headwaters"
section would be appropriate for the “Channels & Waterholes’. This approach
would utilize a network of lecations for which “site-basad” or local assessment is
undertaken (with a number of sites sampled in each location). In conjunction, a
representative number of catchments within the channels and waterholes
region, would be assessed using a catchment based assessment with a large
number of sites per sub-catchment. The number of sites required to make an
assessment of condition and detect possible change {power) for each indicator
would need to be determined for each sub-catchment frem Pilot Studies

Recommended Spatial Scale

Given the scale and remoteness of much of the Lake Eyre Basin, we
recommend the hybrid approach for selecting assessment sites. We
recommend a minimum of 50 sites divided among ten locations be established
across the river channel & waterhiole region for the site-based indicators and a
minimum of 7 regions for the reach and region scale indicators.

L

Temporal Scale

Frequency of Assessment

scale factars and indicators chosen will determine the choice of frequency of
assessment. Different indicators will be assessed at different frequencies within
the 10 year reporting framework.  Sampling should he divided between
Seasonal Sampling and Events Based Sampling.

Seasonal Sampling

Seasonal sampling would reflect the spring and autumn sampling used in other
assessment programs. 1t would be undertaken on & subset of permanent
waterholes,

Events Based Sampling

Lake Eyre Basin rivers are characterized by floods of varying magnitudes and
durations, from large floods that extend over vast floodplains and last for months
to small in-channel flows that connect waterholes, perhaps only on a regional
scale. The biotic respanse will differ depending on the size and duration of the
flood

Recommended Temporal Scale

Although there is a seasonal component to rainfall in the headwater regions and
therefore flows and flooding In the channel and waterhole network there is also
a distinct unpredictable pulse in rainfall and thereby channel filing and
subsequent flooding.  We recommend that assessment be undertaken
seasonally in subset of permanent waterhcles (seasonal sampling) and, in
response to flow events and flooding (event based sampling), at a larger stite of
sites including temporary waterhcles, The aim of temporal sampling will be ‘o
detect the response to the flow event and follow the subsequent change over a
short temporal sequencs.
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Assessment Development

A number of suggested indicators has been flagged as needing fo be tested in a
Pilot Study before they should be implemented in an assessment program and
others have been identified as useful and possibly cost-effective techniques,
howsver, they would require a phase of research and devefopment before they
couid reliably be used as indicators.
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2005 Implementation
The following suggested indicators could be implemented as part of an

&

assessment program immediately (2005},

methodolegy, see Section 4.

Attribute

Suggested Indicator

TR P N B A R A
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For full details on their specific

Type of measurement

Couid ba Implementsd Immadiately (2005)

Attribute Suggested Indicator  Type of measurement
Require Filot Studies Water Use
Volume of water held in -~ Area (volume) of water stored calculated
storage from satellite imagery
Water Use verted Depth to
Pereent of flow diverted @ (volume) of water diverte Alluvial
calculated from satellite imager Groundwater
Sgpaéggm Riparian composition &  Riparian SLATS using TM and ETM+ o
yee sxtent images Riparian
Condition Vagetation
i Condition
Sfostg'ﬁé'; Floodplain composition  Floodplain SLATS using T and ETM+ |
gela & extent images
Condition
; Floodplain
Waterhole Macroinveslebrate Taxa richness, Modified SIGNAL score, Vegetaton
Bodiversty ~ ~ssemblage -~ AUSRIVAS score Condit
Composition ondition
Rsquire Research and Development
_ Waterhole
Erosion Ercsion Potential Landscape Funcfion Analysis Biodiversity
Potential
Waterhole
Water
Quality

Volume of water held in
storage

Percent of flow diverted
Depth to Groundwater

Rig. Composition & extent

Rip. Recruilment &
Regeneration

Riparian Percent Exctics
Fpn. composition & extent

Fpn. Recruitment &
regeneration

Fioodplain Percent Exotics

Fish Assemblage
Composition

Water Quality

Waler licensing information

Water licensing information
Change in depth to groundwater

Riparian Cover Index
Riparian Regeneration Index

Riparian NATIVES Index

Floodplain Cover Incex
Floodplain Regeneraticn Index

Floodplain MATIVES Index

% Native species, % exolic individuals,
Fish assemblage O/E

Cenductivity, oH, Turbidity, Diel DO, Diel
temp, Nutrients (Tofal & available N and
).
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3.4.  Terminating Wetlands

3.441. Background

There are terminal wetland systems across the entire Lake Eyre Basin, Those
in the headwater regions, such as Lake Galilee and Lake Buchanan drain very
small endorheic catchments. Those in the river channel and watarhole region
are essentially overflow lakes filled by both local rainfall and flooding and at the
terminus of some portion of the distributary system. Many of the terminal
ephemeral lakes, however, occur within northem South Australia, They ¢an be
filed by local rainfall but usually depend on major flushes down the entire
system for their main fills (Cullen, 2004). i

These wetlands are dynamic in space and time, changing in extent, depth,
turbidity and safinity as they periodically fifl and dry {Roshier & Rumbachs, :
2004). Terminal wetlands are also sites of extreme productivity including the
buitd-up of massive waterbird numbers during flooding (Kingsford et al., 1998).

3.4.2 Values and Threats . ' Phota by Paul Anderson
[.ake Galilee

While Lake Eyre is the ultimate terminal wetland in the endorheic Lake Eyre
Basin, smaller terminal wetlands are distributed throughout the hasin
subcatchments. They cover a broad range of sizes and are the terminus for a
broad range of subcatchments. Each terminal wetland is the final sink for
nutrients and sediments fom their catchment Many wetlands are alsc the sites
of enormous waterbird hreeding and recruitment events when filled,

The major threats to the integrity of the terminal wetlands include:
o Upstream water resource development {farm dams and diversions)
0 Landuse change (shifts from pasteralism to cropping)
0 Tourism - through localized habitat destruction
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3.4.3.

Hydrological and Geomorphological Processes
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These images graphically describe the hydrologic and geomorphic processes opérating in the terminal wetland regions.

19.
20.
21,
22,

Flow of groundwater to the surface via moundsprings
Downstream flow
Evaporation

Sediment deposilicn

Terminating wetlands include swamps, marshes, waterholes, lakes and salt

marshes. They may be static or flowing, fresh, brackish or saline. They will have
dry and wet phases that may be critical habitats for some specigs.
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Buring dry times terminating wetlands are often also dry. Most of the terminating  The flooding frequency and aquatic phase duration of the terminating wetlands varies
wetlands in the lower Basin are saline, the result of long periods of evaporation or  depending on the hydrology of the sub-catchment. Floodwaters are the main source of
seepage from saltimpregnated alluvium. Riparian vegetation becomes scarce af this end  water for the lower Basin terminating wetlands,

of the system and is found only along the few permanent watercourses and waterholes.

CTW
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3.4.4, Biological Processes

These images graphically describe the biotic processes of the terminal wetfand region.
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When dry terminating wetlands provide habitat for terrestrial arthropods and repliles.
As they dry the environment can becoms harsh with extremes in water quality.
Many of the terminating wetlands in the lower Basin are saling and harbor endemic
and tolerant fauna and flora, Riparian vegetation becomes scarce at this end of the
system and is found only along the few permanent watercourses and waterholes,

i

{
i

When wet the wetlands provids a substantial habitat for a range of fiora and fauna
depending on their salinity. When filled they are often sites for large populations of
walerhirds feeding on large populations of aguatic organisms {fish, zooplankion and
phytoplankton) - this typifies the *boom” imes in this system.

As terminal wettands dry the water level dacreases and the environment becomes harsh,
water quality extrernes aie common in remnant pocls. Remnant pecls of water can remain
between floads.

Drying is often asscciated with phytoplankion and zooplankton biocms. These are further
exacerbaled through concentration, Large plankton biomass provide sources of N and P.

Phiysiclogically tolerant and desiccation resistant taxa may persist in remnant pools and

A sediments.
A Na fauna survive during the dry, all taxa seek refuge in permanent waterholes within the
Dry channel network- see previous table.
B Waterbirds utilize drying habitat.
B Leaf liter and terrestrial grasses accumutate on dry ground during the diy.
"' G Physictogically tolerant plants can utilize the dry wetiands.
F A As the water traverses the landscape, water guality may be modified by soil salinity,
jé sediments and nufrient loads.
# 0 A Extensive floading is associated with high primary productivity and zeoplankton blooms.
A Colaonization from upstream and population recrultment, Aguatic phase for desiccalion
resistant faxa.
A Colonization fram upstream and population recruitment.
Wet This may be a critical ephemeral feeding and breeding habitat for migratory species. I may
B ‘
alsa provide a cruciat saasonal food supply (plankton, invertebrates, fish).
B Soil saturation and nutrisnt rich waters, seed propagules, recruitment,
C Sediment movemant, transfer of catchment nutrients o wetland.

- iRt
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3.4.5, Disturbance Scenatrios

These images describe the major disturbance scenarios for the terminal wetlands. These disturbances include:
o catchment scale changes to wetland flooding frequency and duration in the landscape through upstream water storage, extraction or diversion
¢ localized changes to the hydrelogical landscape through regionat water extraction or diversion

0 changes to wetland diversity which may occur through overgrazing, riparian destruction, increased nutrient inputs, increased tourism impacts as well as
changes to local and catchment scale hydrology

F

Healthy Conditions _ Disturbed Conditions

Evan when water is scarce, terminating wetlands remain assosiated with riverine ecosystams, Disturbanes fo terminating watlands may result from & wide range of pressuras hoth localised and
They are a unique area within the landscape. remote. \Without their natural character and fiow variability these ecosystems may na longer fuffil a
key functicn in providing breeding habitat for large numbers of migratory bird spacies.
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3.4.8. Summary

The conceptual models and associated disturbance scenarios suggest a
number of key components of the terminal wetlands that can be incorporated
into indicators:

¢ Increased Water Storage and Abstraction
o Increased upstream and local water use: The local conversion of
rainfall to runoff as well as the supply of water from headwater and
channel regions is impaortant for maintaining local flows into terminal
wetlands. Increases in upstream damming, water extraction and water
diversion as well as local water extraction and water diversion will
impact on wetland flooding frequency and duration.

« Range of wetlands of varying complexity and flooding frequency.

o Not all the bicta or diversity is held within the permanent waterholes of
the channel region. There are many taxa that require desiccation and
drying as critical peints in their life cycles and are restricted to the
aguatic phase of the terminal wetlands, particularly the halabionts,
found only in the saline termina! wetlands. For these taxa a range of
flooding and drying frequencies and durations is required to complete
their lifecycles. The natural range of flooding and drying frequency of
wetlands may be changed by increased water use upstream and/or
changes to local floodplain compiexity such that wetlands are not filled
under certain flows or rainfall events.

+ Wetland Integrity
o Terminal Wetlands: Terminal Wetlands are significant sites within the
landscape scale of the Lake Eyre Basin for holding water for
considerable periods after flooding flows. They are often the sites of
incredible waterbird populations and breeding events.  Their
ephemeral nature means they are sites for poputations of desiccation

resistant, and often salinity resistant, fauna that do not survive within
the channel network. They are the sites of mass breeding and
recruitment events, “boom’ times, associated with catchment flooding.

3.4.7. Suggested Indicators

The values, threats and conceptual models for the terminal weflands have
identified a number of attributes that can be used to develop indicators for
health assessment. The major threatening processes and possible attributes
include:

Increased Water Storage and Abstraction

Threat: Increased upstream and local water use
Attributes that can be measured include: Water Use and Flood
Extent

Threat: Decreased flooding frequency and duration of wetlands
Attributes that can be measured include: Hydrological
Variability, Wetland Biodiversity, Waterbird assemblage
composition and diversity, Riparian Biodiversity.

Reduced Wetland Complexity

Threat: Reduced Wetland Complexity
Atfributes that can be measured include Wetland complexity

Threat: Reduction in diversity of wetland types.
Attributes that can be measured include Wetland and
Floodplain Biodiversity

Threat: Landuse change causing increased erosion
Attributes that can be measured include: Erosion potential,
actuat erosion, Floodplain Vegetation Condition.

Maintenance of Terminal Wetland Health
Threat: Upstream and local water use

VT



of the Lake Eyre Basin rivers

Alfributes  that can be measured include: Water Use,
Hydrological Variability, Flood Extent.

Threat: Increase in abundance of exatic taxa
Altributes that can be measured inciude: Riparian Bicdiversity,
Wertland Biodiversity.

Threat: Increase in nutriant and sediment supply
Attributes that can be measured include Wetland Complexity,
Total and available N & P, changes in turbidity.

Threat: Increased pressure from tourism
Attributes that can be measured include Wetland Biodiversity

Suggested indicators that would measure change in these key compongnts are
summarized in Table 3.3. We have highiighted an implementation approach for
each measure of an indicator. Where methodology exists and has been trialed
in the Lake Eyre Basin or elsewhere to assess river andfor catchment health
the indicator could be implemenied immediately. This, however, does nat
mean that this measure is the hest or most appropriate measure for that
indicator,  Other measures that have been highlighted ‘Pilot Study' and
‘Research and Development' (R&D) may actually be better but would require
- further development before implementation,

Dry Lake Eyre

Photo by T.A. Jensen
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Tabile 3.3. Suggested indicators for detecting the change in condition of terminal wetland regions of the Lake Eyre Basin associated with increased water storage and land-use
change. Implementation categories: “Immediate” = could be imp[ementeﬂd straight away, “Existing Data” = there is existing data which could ba used to generate long-
ferm trends, “Pilot Study™ = the methodelogy exists but to be adequately used as an indicator in this context in the LEB would require a pilot study - and could be
considared for implementation in the short-term, “R & D” = this would be a useful technigue but its use as an indicator would require some research and development
and its implementation would need to be considered in the long-term.

Attribute Suggested Indicator Types of measurement Implementation Scale of Measurement ﬁzljzllc;nshtp to Conceptual

Upstraam water licensing information Immediate « Maintaining water transfer
Volume of Water Held in Existing data Catchment measurement & from surrounding catchment
upstream Storage Upstream area (volume; of water stored Pilot Study Basin-wide assessment o channel network.
calcuiated from satellite imagery K L .
Water Use Immediate  Maintaining flows in
Water licensing information I . ; channels and waterholes
Percent of [ocal and upstraam Existing Data Regional measurement & o
. - which fill the wetlands
flow divarted Area (volume) of water diverted caiculated ; Catchment assessment e -~
o Pilct Study » Maintaining flow variability
from satellite imagery
tong-term variability (and changes in long- Pilot Study » Maintenance of "boom” and
term variability) in amplitude, frequency Existing Data “bust” cycles.
] angl duration of floods d Catoh  Maintain periods of
‘\r}yci’rct))liclugmal Flow Variability Long-tarm changss in variability of multi- | Filot Study B::ta?n-m? dn; ?easuremetnt connaction and
arlaility annual flows Existing Data ssessimen disconnection of wetlands
Pilot Study with the channel network.

Predictability analyses

Existing Data

= Maintain dynamic variabllity

Flond Extent

Flood Extent

Changes in the discharge vs. Flood extent
refationship

Immediate
Existing Data

Regicnal measurement and
Catchment assassment

« Maintain diversity of flooding
regimes and productive
floodplain growth.

Catchment /
Floodplain Vegetation
Condition

Local measurement and

. " Floodplain Cover tndex Immediate 3
Fioodplain Camposition & Regional assessment
Extent Floodplain SLATS ~ using TM and EThH Pilot Siud Reglonal measurement &
images y Catchment assessment
Flocdplain Recruitment & . . . Local measuremant and
Regensration Floodplain Regeneration Index Immediate Regional assessment
Floodplain Percent Exotics Floodplain NATIVES Index Immediate Local measurement and

Regional assessment

» Regulates sediment and

nutrient supply to the
“wetland during rainfall
runoff,

« Importance for pasture
rasponse after both rainfall
and flooding

« Intact biodiversity

ST
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Relationship to Canceptual

Attribute Suggested Indicator Types of measurement Implementation Scale of Measurement Models
T o Intact biodiversity within
Lo Plant biodiversity measures {richness) . Local measurement and * . s
Catchment / Floodplain Diversity Functional diversity Pilot Study Regional assessment flocdplains and riparian
Floodplain zones
e » Intact waterbird
Biodiversity . _— e . Regional measurement &
Waterbird Assemblage Diversity | Waterbird Diversity immediate Catchment assessment assemblages that can
& respend o flood svents.
Taxa richness )
« Different expected diversity
Macroinvertebrate Assemblage | Modifiad SIGNAL Score Pilot Study Local measurement and with wetiands of different
Compoasition Existing Data Regionat assessment permanency
AUSRIVAS S = Invartebrate desiceation
cor ;
Wetiand Biodiversify ores resistant stages on

Fish Assemblage Diversity

% MNative Species

% Exotic individuals

Immediate
Existing Data

L.acal measurement and
Reglonal assessment

floodplain, respond to
flooding as ‘hoom’ rasponse.

» |ntact hiodiversity (bath fish
and invertebrates) able fo
respond to flooding

Fish Assemblage Q/E
pH . « Natural (expacted) levels of
gue;llﬁzd ater Water Quality Turbidity ggﬁgéag sta EZZT&TATZZ?E;;;E:M nufrients and turbidity,
Nutrients (Total & available N and Total P) specific to the wetland type.
: » Regulates sediment and
Erasion Potential Erosion Potential Landscape Functior Analysis R&D Regional measurement and nutrient supply to the

I

Catchiment Assessmant

wetland during flooding.

Sy
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348 Assessment Approach
Spatial Scale

The suggested indicators can be coliected at either the local scale {site hased
measUrements) or the regional scale (multiple site measurements, regional
surveys or remotely sensed data),

The number of samples and sites required for an assessment will depend upon
(modified from Whittington et al., 2001):

« Spatial reporting scale of the assessment

» Variability of the indicator

+ Initial condition score of the indicator

« Aggregation and reporting statistics used

» Desired level of change to be detected

» Desired confidence in detecting that change.

Local Scale Assessment

With assessment at the local scale we recommend a slightly different approach
to that outlined in both the Headwaters Section and the Channels & Waterholes
Section. We recommend the sampiing of a minimum of ten terminal wetlands
across the geographic extent of the Lake Eyre Basin. These wetlands, whare
possible, shouid be distributed across all the major subcatchments. Due to the
position of terminal wetlands across the hasin it will be impossible fo use a
nested design for this group. However, where possible a group of spatially
close wetlands in a given location should be included within the design such that
the degree of “within-location” variability can be quantifies.

For the terminal wetlands there is a number of Wetlands of International
Importance in the region such as the Lake Galiee and Lake Buchanan in
Queenstand and Lakes Frome and Bianche in South Australia. Lake Eyre
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should be included as the uitimate terminus of the system; however, its
infrequent filling will mean it can rarely be sampled for assessment. Other
terminal wetland and lake systems that should be considered include Lake
Yamma Yamma in the Thomson River catchment, the Lake Torquini Area and
Lake Phillipi in the Georgina River Catchment.

Catchment Based Assessment

As the terminal wetlands are usually at the end of catchments then catchment
based assessment is not required in this context. Presumably if thera is a
detectable change in the condition of a terminal wetland due to anthropogenic
disturbance it could be assumed that there is catchment impact.

Recommended Spatial Scale
We recommend that terminal wetland sites be distributed across the LEB with

- representations in all major subcatchments where possible.

Temporal Scale

Events Based Monitoring

Lake Eyre Basin rivers are characterized by floods of varying magnitudes and
durations, from large floods that extend over vast floodplains and last for months
to small in-channel flows that connect waterhcles, perhaps only on a regional
scale. The biotic response will differ desending on the size and duration of the
flood.

Many of the terminal wetlands are not filled seasonally or annually and then only
with floods of certain magnitudes, The assessment of the terminal wetlands will
need to be events based, with sampling occurring a number of times after filling
and as the wetland moves into the drying phase. ¥ a trend-based assessment
is implemented it is the response and subsequent trajectory of indicators after
filling that will inform their health assessment.

ER o . E
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Asssssment Developmeant

A number of suggested indicators has been flagged as needing to be tested in a
Pilot Study before they should be implemented in an assessment program and
others have been identified as useful and possibly cost-effective techniques,
however, they would require a phase of research and development before they

ceuld reliably be used as indicators.

Attribute . Suggested Indicator

&

Type of measurement

2005 Implementation
The following suggested indicators could be implemented as part of an
assessment program immediately (2005). For full details on their specific
methodology, see Section 4.

Attribute

Suggested Indicator

Type of measurement

Require Pitot Studies

Volume of water held in

storage
Water Use

Percent of flow diverted
Hydrological o
Variability Flow variability

Fload Extent Flood Extent

Floodplain ‘ N
Vegetation g'gz?epr:?m composition
Condition

Macroinvertebrate
poiand Assemblage
Biodiverstty Composition

Area (volume) of water stored calculated
from sateliite imagery

Area (volume) of water diverted
calculated from satellita imager

Calculated meastres of long-term
variability, changes in variabilily and
predictability

Changes in discharge to fleod extent
relationship

Floodplain SLATS using TM and ETM+
images

Taxa richness, Mcdified SIGNAL score,
AUSRIVAS score

Could be Implemented Immediately (2005)

Water Use

Floodplain
Vegetation
Condition

Wetland
Biodiversity

Watland
Watsr
Cuality

Volume of water held in
storage

Parcent of flow diveried
Fpn. compaosition & extent

Fpn. Recruitment &
regenaration

Floodplain Percend Exotics

Fish Assemblage
Composition

Water Quality

Water licensing information

Watar licensing information

Floodpiain Cover Indzx
Floodplain Regensration Index

Floodplain NATIVES Index
% Native species, % exotic individuals,
Fish assemblage O/E

pH, Turbidity, Diel DO, Diel temp,
Nutrients {Total & available N and P},

Require Research and Development

Erosion

Potantial Erosion Potential

Landscape Function Analysis

W
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Flow Variability Theme Physical Form Theme

- 4. Indicator Methodology

41, Background

Summarising from the conceptual modeis across the three regions the key
processes recognized in the maintenance of function in the LEB rivers include:
« Maintenance of ficod and flow variability
« Maintenance of spatial habitat complexity
« interaction between river and floodplain
« Maintenance of inteqrity (bioidiversity, nutrient cycles, habitat
complexity) of waterholes and wetlands, which may function as
refugia during dry pericds.

In recognizing these major functions we have summarized the Indicators into
four separate themes (Figure 4.1; Table 4.1):

e Flood and Flow Theme Riparian & Floodplain Theme Waterhole Theme
« Physical Form Theme Figure 4.1 Themes summarizing the functioning of rivers and watercourses of the Lake
e Riparian and Floodplain Theme Eyre Basin.

o Waterhole & Wetland Theme
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Table 4.1 - Bummary of Themes and Attributes across the three reglons identified
by Classification (Section 2) and used to develop Conceptual Models
{Section 3).
Theme Attribute Region
HW C&W TW
Surface Water use -
Flood and Alluvial Groundwater Use
Flow Theme | Hydrological Variability
Flood Extent
Physical Erosion Potential
| Form .
Theme Channel System Integrity
I Riparian Vegetation Condition
Riparian and . .
, Floodplain/ Catchment Vegetation
Flocdplain -
Theme Condition
Riparian and Floodplain Biodiversity
Waterhale Walerhole Biodiversity
and Wetland .
Theme Waterhale Water Quality

Within each "theme” we outline & number of important attributes. Within each
attribute are the indicators that could be measured at specific scales of both
space and time (Figure 4.2),

Figure 4.2. Arrangement of Indicatars within Aftributes and Themes.

4.2. Scale of Assessment

The scale and design of the final assessment will determine how the overall
condition of the Lake Eyrs Basin can be assessed. Condition assessments can
be made across a number of scales with the final scale of the assessment
depending on the number of sites included in the assessment.  If only a few
sites are assessed per catchment {sites nested within location) then the
condition assessment can only be reported at the location scale.

Eg. these particular sites were healthy / unheaithy

Given the inherent spatial and temporal variability of the Lake Eyre Basin most
measured ecological variables will demonstrate considerable variation in space
and time across many scales (Downes et al., 2002). To increase the power of
any of the indicators to detect change over the large spatial scales evident
within the Lake Eyre Basin it will be necessary to quantify the within location
variability, as compared to the between locaticn variability. To this end random
sample sites should be positioned around strategic sites, such that several sites
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are sampled scattered over specific locafions at each sampling time (see
Downes et al., 2002, Page 129). This provides a nested sampling design,
where a number of spatially close sites are sampled from one location. We
have suggested the minimum number of sites and locations required for the
site-cased assessment within each river zone within the Lake Eyre Basin.

If complete sub-catchment assessments are required then the number of sites
and locations will need to be increased. For example, the Sustainable Rivers
Audit for the Murray-Darling Basin Commission, suggests the following number
of sites for reporting at the river-valley scale (Whittington et al., 2001):

Macroinvertebrates: annually at 30 sites per river valley
Water Quality: 4-6 times per year at 18 sites per river valley
Physical Habitat: every & years at 20 sites per river valley.

The Murray-Darling Basin rivers display lower levels of spatial and temporal
variability compared with the Lake Eyre Basin rivers (see Puckridge et al.,
1998); thus, the exact number of sites per sub-catchment required for Lake Eyre
Basin rivers is likely to be higher and would need to be determined through Pilot
Studies.

We have recommended measurements be made at both the site scale (using
field and automated techniques) and at the reach or regional scale (using
remotely sensed data),

In this section for each indicator we suggest whether the measurement should
be undertaken using field based site measures or remotely sensed data.

4.3,
4.3.1.

We have selected indicators based on both field measurements and remotely
sensed data. Many of the field-based measures are already operational and
could be implemented within an assessment program immediately. Remote
sensed data offers a comparatively cost effective methodology for assessing
large areas, for a range of indicators at once. This is appealing for a catchment
the size of the Lake Eyre Basin. Multispectral imaging (both airbome and
satellite) may be useful at high resolutions to document attributes (and changes
in attributes) such as riparian vegetation diversity, flood extent, waterhole
connectivity and channel system geomorphology. These data may be used for
a number of analyses refating to habitat, water quality, and watershed health.
Although many of the remotely sensed techniques are operational, if selected
for use in health assessment they will require at least validation through a Pilot
Study phase and in some instances further R & D to make them operational.

Data
Type of Data

4.3.2.

The highly variable nature of the rivers and waterholes of the Lake Eyre Basin
and the dynamic changes in assemblage composition of sites reflecting
hydrological fluctuations provide a challenge in developing and interpreting
measurements of ecosystem health. Most existing river health schemes
measure ecosystem health spatially at one peint in time (usually seascnal),
results are compared either between reference sites using seasonal models
(AUSRIVAS - Coysh et al.,, 2000) or across a disturbance gradient {Smith &
Storey, 2001) - see also Background Document 4. These approaches work
well if assemblage composition and changes in composition vary only
seasonally, and if hydrological fluctuations are seasonally driven, which is the
case for many river systems and regions. In Lake Eyre Basin rivers, however,
assemblage composition is driven more by hydrological changes than seasonal
shifts (Capon, 2003; Arthington et al. in press; Marshall et al. in press).

Spatial and Temporal Issues with Indicators
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The overriding influence of hydrological regime in dryland rivers suggests the
use of seasonal models for ecosystem health assessment may he open to
misinterpretation.  For example, the macroinvertebrate based AUSRIVAS
observed vs. expected {O/E) score for sites on the Geergina-Diamantina River
system in the Lake Eyre Basin Australia shows O/E scores as ranging from 0.28
(very few expected taxa - and thus assumed impacts} to 1.6 (more then
expected taxa when compared to reference sites) (Sheldon et al., 2003). All
sampled sitss within the Georgina-Diamantina system are presumed fo be
‘healthy’ with minimal anthropogenic disturbance. This range in O/E sccere is
real and reflects the natural decline in condition associated with hydrelogical
fiuctuations, during dry times sites would naturalfly be in ‘poor’ condition and
therefore score a iow O/E. During dry times the majority of the fauna will
comprise tolerant generalists {Sheidon et al., 2003).

the SIGNAL score (Chessman, 2003) gives an indication of the average
sensitivity of individual taxa in terms of the water quality in the river from which
the sample was collected. If the same data are analysed using SIGNAL the
majority of samples from sites within the Gecrgina-Diamantina river system fall
within quadrants 2 and 4, suggesting high levels of pollution, development,
salinity and nutrients. The Georgina-Diamantina River system is one of the
least developed and polluted rivers in Austraiia. Again, the range in SIGNAL
reflects naturai declines in cendition associated with hydrological fluctuations.
During dry times sites would naturally be in ‘poor’ condition and contaln tolerant
generalist taxa possibly also associated with polluted and degraded sites in
other systems.

These examples highlight the limitations of a spatial assessment that does not
include large natural temporal shifts in the interpretation of indicator scores. A
critical compenent of ecosystem health is the ability of 2 system to rebound after
a disturbance event (Whitford et al., 1989). Spatial assessments of ecosystem
health in isclation of temperal interpretation do not incorporate this rebound

ability. One approach that has utilised the ‘rebound” ahility of ecosystems as a
measure of health is the 'grazing gradient’ approach in rangeland pasture
systems (Pickup, 1989; Pickup & Chewings, 1594).

The “grazing gradient” approach has heen used in the Australian rangelands to
assess the health of pasture (Pickup, 1989; Pickup & Chewings, 1994),
Degradation in the rangelands is considered as “grazing-induced long term
reductions in the capacity of the land to produce forage for grazing animals in
response to rainfall” (Pickup & Chewings, 1994). The grazing gradient
recoghizes spatial changes in pasture cover a certain distance from a point
water-source. Pasture in "good” condition will appear “poor” a short distance
from the watering point but rapidly rstum to “good" condition the greater
distance you move from the watering point. Pasture in “poor” condition wiil alsa
appear "poor” or “very poar” a shart distance from the watering point but will fail
to refurn to “good” condition with increasing distance from the watering point,

One of the biggest challenges in selecting indicaters, and more importantly in
interpreting the data collected on any indicator, in a variable river system is to
understand the large spatial and temporal variations in natural "condition”. This
large-scale variation means that at any one point in time, reflecting natural
variations in flooding and rainfall, some rivers and river reaches are likely to
naturally be in “goed” condition while others will naturally be in “peor” condition.
Krowing where a site is on a natural trajectory between “good" and "poor”
condition would increase the power of the indicator to assess the health of the
site in relation to anthropogenic impacts and prevent misinterpretation.

If the score, or output, of an indicator is recognised to vary in response to
natural large scale fluctuations in hydrology then not only can the change in
indicator associated with anthropogenic disturbance be measured but alsc the
abiiity of the system to respond after the drying disturbance (resilience). As in
the grazing gradient approach for rangelands, measuring ecosystem resistance
to disturbance and resllience foliowing disturbance in aguatic systems may
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provide an early waming of risk of degeneration of the ecosystem when
exposed to stress (Whitford et al., 1999).

Temporal changes and resilience can bhe built into the use of many of the .

gcosystem health indicators currently in use {AUSRIVAS, SIGNAL etc). In
highly variablg rivers not subject to anthropogenic disturbance, sites that have
only recently become disconnected after connecting flows or floods should
present as healthy, with increasing time since flood or connection there will be a
decline in the indicator score (Figure 4.3). This decline could be interpreted as
a decline in the "condition” or health of the waterbody. Under a spatial
assessment scenario a site disconnected for a substantial period of time would
be misinterpreted as in “paor” condition, even though it might be the expected
condition for that temporal phase of the hydrological cycle. If the indicator bars
are modified so that a decline in condition with time since last flood or rainfall is
expected, even in waterbodies in excellent condition, then the interpretation of
*healthy" or “unhealthy” for a given waterbody will be more robust. Under this
modified scenario (Figure 4.3} a site in poor condition would fail to respond or
appear healthy even immediatey after flooding or rainfall.

In highly variable rivers, like those of the Lake Eyre Basin, the spatial variability
in condition at any one point in time will he enormous and may well require
relationships between condition and flooding history to be developed for a
number of sites or regions across the basin.

Excellent |

Health
Indicator

Good |

F"Aair

Repeated sampling events after major fiood

{a) Norma! positioning of health indicator “bars”. They do not take info account natural
declines in condition in relation to natural events such as flooding and drying.

&
[~
Heaalth

Indicator

Excellant
Good
Falr

———Poot

Repeated sampling events after major flood

{h) Modified positicning of health indicator *hars” that recognize natural daclines in
condition on a temporal scale after flooding or rainfall events. Sites in impacts poor
condition weuld not be expsctad o respond after flooding in the same manner as sites in
excelfent condition.

Figure 4.3. Different approaches for positioning the ‘health’ bars in an assessment
of condition. (a) the traditional approach. (b) approach modified for
naturally variahle systems.
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These graphs (Figure 4.3) assume a linear response of declining health with
increasing time since last flood. A linear response is not expected for alt
indicators and for some indicators the response may vary between waterbody
type, natural flooding frequency and region. Some potential responses are
outlined in Figure 4.4. For some indicators or waterhody types condition may
not change for considerable time after flooding and then decline very rapidly
over short time periods. For others the response may be stepped or various
combinations of those described.
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Figure 4.4 Possible shapes of ecological condition response to time since last flood.
From Shelden et al. {2000}

Very litfle of the data collected for Lake Eyre Basin rivers has been analysed (or
the analysis published) to explore response curves to drying. Data collected Dr
Jim Puckridge (University of Adelaide) for his PhD thesis as well as data
collected as part of the ARIDFLO project (Department of Environment and

Heritage) has the temporal replication to establish some of these responses for
different taxonomic groups and waterbody types. Response curved would need
to be generated via pilot studies for many of the other indicator types.

For many of the Indicators suggested the use of a trend approach In
interpretation will be necessary. As outlined above in many instances the trends
may be determined from existing data, in others Pilot Studies may need to be
implemented to measure and document the trends. In this way declines in
condition caused by human impact can be distinguished from natural variation
(power of the indicator).

Fholo by Fran Sheldon
Koonchera Waterhole, Lower Diamantina River
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44, Flood & Flow Theme
4.41. Background

Floodling and flow variability are important facets of the ecology of the Lake Eyre
Basin rivers and are evident in many aspects of their variable flow regime
(volume, rate, seasonality, overail variability} (Puckridge et al., 1998; Puckridge
et al, 2000). In many other assessment programs hydrological indices are
hased on flow deviation measures using modeled natural and current impacted
hydrographs (White & Ladson, 1999, MDBC 2004a). As many rivers and
catchments in which assessment is undertaken are developed and changed in
ways that modify their flow regime, measuring change from natural is a good
way to measure hydrological impact. The LEB rivers, however, are different
from these in that large scale changes to their hydrology have not been made
and the small scale hydrologicai changes associated with farm dam storage
have nat been successfully modeled in such a large catchment (Sheldon et al.,
2003) but at the basin scale are expected to be small. However, upsiream
storage, even in smali farm dams, may drastically decrease sub-catchment
fiows during the low flow period, so that impacts are local and felt in the
headwater region rather than basin-wide and felt at Lake Eyre.

Qutside of farge scale water resource development projects (eg. Walker et al.,
1997), mast of the future hydrological impacts within the LEB are likety to occur
in the headwaters regions and involve increases in the volume of water stored in
farm dams and storages for stock and domestic use (Sheldon et al, 20C3).
Therefore the “Flow Variabiiity Theme' will need to have several Attributes,
which capture both the broad scale nature of flow variability within the hasin,
and the degree to which water is held in the headwaters.

The Flow Variability Theme is designed to capture changes, or changing frends,
in longterm flow variahility across the LEB, recognizing that short-term
fiuctuations in flow variability are normal with cycles of flood and drought.

4.4.2. Possible Indicators

Attributes Possible Indicators for Measurement
Hydrolegical I

Variabilily Measures of Flow Variability

Flood Extent Flood Extent

Volume of waler held in storage

Water Use Percent flow diverted

Alluvial Groundwater | Depth fo groundwater, variance in groundwater depth

4.4.3. Hydrological Variability Attribute

In many assessment programs (index of Stream Condition, and Sustainable
Rivers Audit) the Hydrological Indicator focuses on the hydrological change
associated with water resource development. For the Lake Eyre Basin Rivers
the current level of development and lack of gauged and modeled flow data
makes such calculations both meaningless and impossible. it may be maore
meaningful in detecting changes in flow variability in these rivers to undertake
long-term trend analysis of the variability in amplitude, frequency and duration of
floods and look for changes in these measures. Correlating these variability
measures with rainfall may also enable the longer-term rainfall records to be
usad as substitutes for gauge data.

In the Piiot Sustainable Rivers Audit for the Murray-Darling Basin rivers (MDBC,
2004a) & number of measures were suggested to assess hydrological health.
Although these measures were calculated using modeled data they theoretically
could be adapted for use in the unregulated LEB Rivers.




Mean and Median Annual Flow indicators
Mean Annual Flow Indicator (A) (modified from Whittington et al., 2001}:

il @:>§: then A==, else Az%
Q. o, .

-

Where: Q. = mean or median annual flow under current period of
assessment
¢, = mean or median annual flow under natural pericd of
record.

Annual Variation Indicator

Annual Variation Indicator {AV) (modified from SKM, 2003 as cited in MDBC,
2004a) is the ratio of the coefficient of variation of annual flows under the natural
period of record and the current assessmeni period, where the coefficient of
variation is defined as the standard deviation divided by the mean.

AVC,
AVC,

AV =

Where: AVC, = Annual coefficient of variation for assessment period
AVC, = Annual coefficient of variation for natural period of

record.

High and Low Flow Spell Indicators

High flow event number indicater {HFEN) is calculated as the number of event
exceedances above specific flow thresholds (hiologically significant events —
such as waterhole connections or the fifling of terminal weflands) under hoth
natural period of record and current assessment conditions (MDBC, 2004a).
HFEN =min(N

N )/ max{N,,N.)

n? n?

Where: Ny = number of event exceedances for specific flow thresholds
under natural period of record conditions

N = number of event exceedances for specific fiow thresholds
under current period of assessment conditions

Low flow event number (LFEN) was developed for the SRA (MDBC, 2004a) and
relates to the 90™ percentile of non-zero flows. If modified for LEB rivers the
LFEN would assess the difference in the number of low flow events between
natural period ot record and current assessment conditions.

LFEN =min(N

N )/ max{N,,N,)

" "

Whete: Nn = number of event exceedances < the natural 80% percentile
of non-zero flows under natural period of record conditions

N = number of event exceedances < the natural 90 percentile
of non-zero flows under current period of assessment
conditions

The Low flow event duration (LFED) indicator was developed hy the SRA to
assess the difference in mean duration of low flow events between natural and
current development conditions (MDBC, 2004a). If modified for the LEB rivers it
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woutld measure the LFED difference between the natural period of record and
current assessment period.

LFED =min(N,, N )/max(N N}

Where; N, = mean duration of event exceedances < the natural 90t
percentile of non-zero fiows under natural pericd of record
conditions
N, = mean duration of event exceedances < the natural 90m
percentile of non-zero flows under current period of assessment
conditions

Realities of using Hydrological Indicators for LEB Rivers

One impediment to undertaking complete hydrological analyses of the Lake
Eyre Basin rivers is the lack of operating gauging stations. Figure 1.2 in Section
1 shows all the gauges within the Basin for which data are available. Despite
the apparent wide coverage, most of these gauges are no longer operational
and for many only very short periods of record exist. Operational gauges are
shown in green on Figure 1.2, suggesting no current coverage over much of the
LEB.

The other major impediment to using hydrological indices to assess health is the
extreme variability of flow and the long periods of data required to detect
change. With most of the water resource development planned for headwater
regions, the limited number of gauges within these regions and the lack of long-
term data records it may be difficult to use hydrological indices to detect low flow
hydralogical impact.

We recommend a Pilot Study phase for these Indicatars, where aspects of flow
variability for existing gauging station data can be assessed for the potential to
detect change in flow variability. Their usefulness in an assessment program
may not be on a catchment basis, but rather on a smaller sub-catchment basis

to detect specific impacts of small and localized water resource development
projects. For this to be feasible there would need to be a better coverage of
gauging stations.

Scale

Hydrological data for existing gauging stations is already collected. The
programming of formulae for calculating various indicators of variability, once
undertaken, would allow annual computation of each variability index and
reporting of the Atftribute. Given the hydrological variability of the Lake Eyre
Rasin Rivers assessment of impact at the level of an Attribute would only be
appropriate after a sustained change in the value of a number of varigbility
measures and a concordant change in other Indicators from related and non-
related Attributes.

Variability measures would need to be caiculated for ali existing hydrological
data and then long-term running ‘averages” or frends (over different time
periods) examinad. The value of change in each Indicator would nsed to be
reported within the Attribute.

There is a number of current gauges within the LEB {Section 1), however not all
major subcatchments have gauges and even the major watercourses have only
a couple of gauges separated by hundreds of kilometers. A larger number of
gauges spread throughout the Basin would provide a more robust measure of
flow variability change.




4.4.4, Flood Extent & Duration Attribute
Flood Extent indicator

Relationships can be determined between discharge at a point and the area
inundated by the given discharge. These relationships can be established using
existing satellite images and discharge data. The flood extent Indicator would
assess changes in the area inundated for a given discharge. The development
of an interactive satellite and gauge station mode! is suggested.

We have recommended that this Indicator could be implemented immediately.
There are existing satellite images and discharge data and the EA funded
project ARIDLFO used a similar technique to estimate discharge and flows for
ungauged rivers. This could be expanded to formulate a Flead Extent Indicator,

Scale

The variability evident in the spatial pattems of flooding means that this
relationship would need to be determined for a number of points across the
basin. It would be measured at the regional scale and so catchment based
assessments could be made,

Flood extent would be measured for spacific regions for both the Channels and
Waterholes area and the Terminal Wetlands. Flood extents should be mapped
for targeted regions (regional assessment areas) after each flood cycle.

445, Water Use Attribute
Velume of water held in storage Indicator

Licensing information could be collated from relevant licensing autharities to
cetermine the volume of water held in storage, this could be categorized into
urban / farm / and industrial. Trends and changes over time in the volume of
water in sterage could be assessed.

This information is available and this licensing measure for the Indicator could
he implemented immediately. The data would need to be collated and impacts
assessed as trends in ficense numbers over time.

As license information may not be a true record of the volume of water held in
storage we also recommend that sateliite imagery be used to estimate the
volume of water held in storage after flood or rainfali events —this information
would be analysed for trends over time. This measure for the Indicator would
require a Pilot Study to determine the best techniques for measuring volume of
water held in storage using satellita-imagery.

Percent flow diverted Inclicator

Again, licensing information could be coliated from relevant licensing authorities
to determine the volume of water diverted from the channel or floodpiain
environment. Trends and changes over time in the volume of water diverted
could be assessed.

Again, this information is available and could be implemented immediately. The
data would need to be collated and impacts assessed as trends in license
numbers cver time.

Again, as license infermation may not be a true record of the percent of flow
diverted we also recommend that satellite imagery be used to estimate the
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percent of flow diverted during and after flood or rainfall events - again this
information would be analysed for trends over time. This measure for the

Indicator would require a Pilat Study to determine the best techniques for *

measuring percent of flow diverted using satellite imagery.

Scale

This Aftribute and Indicators would be measured for all three major regions.
Measurement would be made at the catchment scale. As they are huge
differences in upstream area for the different regions the Indicator for
Headwater regions would record local water held in storage and locai water
diverted while Indicators for Channel and Waterhole regions and the Terminal
Wetlands would need to record local water held in storage and diverted as well
as any upstream water.

4.4.6. Alluvial Groundwater Attribute
Depth of alluvial groundwater Indicator

The depth to aliuvial groundwater could be measured at strategic sites across
the LEB. A long-term record is required to relate natural changes in
groundwater depth to natural changes in the hydrograph in retation to flood
events. The interpretation of this indicator would require a gradient analysis
approach where impact is determined by deviations in trends over time.

This Indicator could be Implemented immediately.

Scale

This would be undertaken at strategic sites across the headwater region of the
LEB. interaction between surface flows and groundwater is fikely to be patchy,
so the assessment of this indicator would need to he region specific.
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4.5. Physical Form Theme
4.5.1, Background

In large floodplain rivers, such as those of the LEB, fluvial complexity across a
range of scales is important for both aguatic and terrestrial biota as it provides
food resources as well as places for nesting and recruitment. The spatial
habitat complexity evident in dryland rivers is a fundamental attribute of these
systems. Assessments of the physical complexity of river systems can provide
insights into available habitat condition, significant for flora and fauna diversity,

The Physical Form Theme is designed to assess the physical complexity of the
channel and floodplain environment and to indicate changes in this complexity
that may impact on aquatic condition. Such changes include loss of channel
and floodplair complexity (channel system integrity), floodplain salinisation and
catchment erosion potential (Figure 4.4).
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Figure 4.4, A typical arid river riparian and floodplain landscape. Key physical elements in this
landscape are the braided and anastomosing channels, floodplains of various heights. Key
Indicators of physical form are the channel system integrity (waterhole connections and
diversity), the potential for catchment erosion and alienation of the floadplain.
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4,5.2. Possible Attributes

Attribute Possible Indicators for Measurement

Floodplain Complexity
Channel Complexity
Within-Waterhole Complexily

Channel System Integrity

Landscape Function Analysis

Erosion Potential
Floodplain salinisation

45.3. Channel System Integrity Attribute

The Channel System Integrity Indicator should attempt to summarize fiuvial
complexity at the scale of floodplain, reach and waterhole. These measures
outlined below could be combined to form an overall assessment of channel
system integrity.

Floodplain Complexity Indicator

Research as part of the Dryland River Refugia Project {CRC for Freshwater
Ecology) has used a number of geomorphic measures (e.g. floodplain width,
floodplain setting, hifurcation ratic) to provide an estimate of floodplain
complexity (Thoms pers com). These measures should be explored further,
using existing data, to formulate a measure of floodplain complexity that could
be built into a Channe! System Integrity Indicator. Much of these data could be
accessed from remotely sensed images.

Major habitat types on the floodplain can be mapped using a range of remote
sensing techniques that include airborne photography, airborne mutti-spectral
and hyper-spectral images as well as satellite based multi-speciral fine and
medium resolution and hyper-spectral images (CSIRO, 2003). To make

remotely sensed hahitat mapping of the floodplain to form a floodplain
compiexity indicator a realify, fransects would be required fo develop “training
sefs” for the different habitat type identification (CSIRQ, 2003). In this way this
indicator would require an initial period of R & D, even though the technclogy is
cperational,

Channel Complexity Indicator

Again measures trialled as part of the Dryland River Refugia Project (CRC for
Freshwater Ecology) havae attempted to measure channel complexity including
the degree and number of anastomosing channels and the braidedness of
channels, as well as waterhole size and shape (Thoms pers com). These
measures should be explored further, using existing data, to formulate a
measure of channel complexity. This could be undertaken as a Filot Study.

Much of this data could also be accessed from remotely sensed images with the
potential to save in field costs over the long-term.  As with floodplain habitats,
channel complexity can be mapped using a range of remote sensing techniques
that include airborne photography, airborne multi-spectral and hyper-spectral
images as well as satellite based multi-spectral fine and medium resolution and
hyper-spectral images (CSIRO, 2003). Aspects of channel cemplexity that
could he measured using remate images include slope, shape, erosion extent,
proportion of slumping and lateral scour of river banks (CSIRQ, 2003}, More
detailed assessments of within channel complexity using remote images may be
impeded due to the naturally high levels of turbidity in the water. The ability to
measure channel complexity using remote images would need to be developed
during an R & D phase.
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Within-Waterhole Complexity Indicator

The use of remotely sensed images for assessing within-waterhole complexity
woud be severely limited by the high ievels of turhidity throughout the LEB (see
CSIRO, 2003). For this indicator we recommend site-based field assassment.

Woody Debris #

In Lake Eyre Basin rivers woody debris can provide a major habitat type. The
presence — ahsence or complexity of woody debris at a site should be assessed
using criteria outlined in the Index of Stream Condition (White & Ladson 1999).
The following ratings and descriptions are used for assessing within channel
woody debris (White & Ladson 1999). In the Lake Eyre Basin watarcourses,
where water levels can be extremely variable, the presence of woody debris
would not need to be below the waterlevel at the time of assessment, rather at
any position within the channe! watercourse.

Woody Debris Assessment

Asg these measures of floodplain, channe! and waterhele complexity have not
routinely been used within the context of dryland rivers, and given the enormous
spatial variability of floadplains, channels and waterholes we recommend that
this Indicator requires both a Pilot Study phase and possible some Research
and Development before it could be implemented for assessment.

Other In-Channe! Habitat Measures

The Australian River Assessment System: AusRiVAS Physical Assessment
Protocol  (hitp:/ausrivas canberra.edu.au/Genassessment/Physchem/) a
number of within waterhole habitat complexity variables. Some of these were
used in the CRC for Freshwater Ecology Dryland River Refugia project and
explained more variation in macroinvertebrate community composition than
broader geomorphological parameters or hydrology (Marshall et al. in press).

Within Hahitat Assessmant

Category

Variable

Substrate

Bed compaction

Description

Rating

Excellent habifat. Typical fealures: abundant dsbris from indigenous
species, Site probably never desnagged and riparian vegetafion probably
never cleared,

Good habitat: Typical features: numerous pieces of large woody debris
from Indigenous species. Perhaps limited iarge woody debris from exotic
species present also. Limited impact of desnagging or riparian vegetation
clearing.

Marginal habitat: Typical features: maderate visible pieces of large woody
debris from indigenous species in the watercourse, or abundant pieces of
exotic large woody debris in the channel; moderate impact of desnagging or
riparian vegetation ctearing.

Sediment angularity
Bad stahility rating
Sadiment matrix
Substraie composition
Presence of rocks
Bank shape

Bank slops

Bank materfal
Bedrock outcrops

Bank Characteristics

Paor habitat: Typical features: few visiblz pieces of large woody debris in
the channe! (either from indiganous or exotic species)

Very poor habitat: Typlcal features: no large woody debris visible.

Scale

Field based measures of floodplain, channel and within-waterhole complexity
would need to be undertaken at the scale of “site”. Where appropriate remotely
sensed data could be used to assess complexity at the reach scale. Numerous
reaches would need to be sampled o gain a regional or cafchment scale
assassment,
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4,54, Erosion Pofential Attribute
Erosion Potential Indicator

Conservation of scil, water and nuirients is encompassed by the term
"landscape function". Loss, at a caichment scale, of perennial plants and
nufrient patches can initiate and indicate landscape degradation. Degraded
landscapes can contribute soil and nutrients to the associated aquatic system,
they contribute to excessive run-off and decreases in rainfall runoff efficiency.
Measuring landscape function at a catchment scale may inform the erosion
potential of the catchment and be a useful indicator of physical processes at the
catchment scaie.

The Australian Rangelands Operational Manual {2000) describes the
methodology for Landscape Function Analysis (LFA). Landsat TM (Thematic
Mapper) and MSS {Mulit-Spectral Scanner) images have been trialled in somea
parts of Australia for use in LFA, further trials using NOAA data were suggested.

The Australian Rangelands Information System suggests the following large
scale information products could be used to determine landscape function:
» Change in vegetation cover using Landsat satellite data (Product 1:
ARIS, 2000)
s Change in minimum caver of perennia! vegetation at broad scales using
NOAA satellite dafa (Product 2: ARIS, 2000)
« Change in rainfall use efficiency at broad scales using NOAA satellite
data {Product 3; ARIS, 2000).
Although LFA has been undertaken for some regions of Australia it has not
been used within the Lake Eyre Basin. Although is appears a promising
technique for assessing erosion potential across large areas it would need to
undergo a phase of Research and Development bafore it could be implemented.

Scale

Ideally this could be undertaken at the catchment scale. Landscape Function
Analysis is already undertaken in some regions of the country (see Australian
Rangelands Cperational Manual, 2000)

Product 1 is only operational in the Northern Territory and needs further

development.

Product 2 is already undertaken across Australia — see Atlas

Product 3 is already undertaken across Australia — see Atlas
These LFA measures are trend measures — reporting at the catchment scale
with changes measured over 3-year time periods.

4.5.5. Floodplain Salinisation Attribute
Salinity Scalding Indicator

Salinity scalds could be mapped using aerial photography and in some
instances remotely sensed data. Salinity scalds could be reported as % area of
the catchment and changes cver time assessed as a pressure indicator.

Scale

The area affected by salinity scalding would need to be reported at the
catchment scale.
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4.6. Riparian & Floodplain Theme
4.6.1. Background

Riparian and floodplain habitats are important regions within catchments for
supporting high levels of biodiversity. In large floodplain rivers, both the riparian
zone and the floodplain play a significant role in the flux of materials between
terrestrial and riverine environments (see Naiman & Decamps, 1997). Aspects
of the condition and functioning of hoth the riparian zore and floodplain can
therefore be used as indicators of catchment condition (see Rapport et al,
1998).

The riparian zone and the floodplain perform the foliowing functions

« Act as filters for nutrients, mediate sediment inputs into the channel
network

« Act as a source of organic matter to the channel network (eg. logs,
twigs efc)

« Provide habitat {both terrestrial and aquatic}

« Provide shading

»  Provide stability for the channel network

» Aesthetic vaiues

Recognizing the intricate relationship between the river and floodplain in dryland
rivers such as those of the LEB, the Riparian Zone and Floodplain Theme is
designed to measure the condition of the riparian zone and floodplain
environment (Figure 4.5). A riparian zone and floodplain in poor condition will
have impacts on the aquatic environment through increased sediment input
(erosion) and increased nutrients.
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Figure 4.5. A typical arld river riparian zone and floodplain landscepe, Key elements in this
landscape are the riparian and floadplain vegetation communities. Key indicatars for the health
of these communities incluce richness and structurs, spatial extent, extenl and diversity of
recruftment {different age classes} and the presence and dominance of exotic taxa. Impacting
on these communities and subsequently in the health of the associated river environmant is
flnodplain salinisation and erosion.
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4.6.2, Possible Attributes

Attribute

Paossible Indicators for Measurement

Riparian Vegetation Condition

Vegetation composition (richness & structure)
Vegetation extent

Recruitment

Percent Exolics

Floodplain Yegetation
Condition

Proportion of caichment clearad

Vegetation compositien {richness & structure)
Vegetation extent

Recruitmant

Perceni exotics

Riparian and Floodplain
Biodiversity

Plant biodiversity measures (richness)
Functional diversity
Waterbird Diversity
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4,6.3. Riparian Vegetation Condition Attribute
Riparian Vegetation Composition and Extent Indicator

COVER RV Index {Jansen & Robertson, 2001) measures vegetation cover and
structural complexity. The COVER Index would be measured at the site or
waterhole scale. Measures that combine to form the cover index are shown
below. For the Lake Eyre Basin rivers the Cover Index would need to be
corrected for what would be expected in that region of the basin, given the
extreme spatial and temporal variability. This field-based measure could be
implemented immediately.

Meastire Range | Method of Scoring No of
. measurements

per site

Canopy Cover 0-3 O=absent, 1=1-30%, 2=31-60%, 3=>60% 4

cover

Understorey -3 O=absent, 1=1-30%, 2=31-60%, 3=>80% 4

Cover

Ground Cover 0-3 O=absent, 1=1-30%, 2=31-60%, 3=>60% 4

WNumber of 03 0= no vegetation layers to 3=ground 4

Lavers cover, understorey and canopy layers

SLATS RV (Statewide Landcover and Trees Study: Goulevitch et al., 2002).
SLATS maps and monitors Queensland's woody vegetation cover using
Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper Pius (ETiM+)
satellite imagery. These technigues provide data on vegetation cover and cover
change. SLATS could be used to estimate riparian cover at a reach to sub-
catchment scale. Aithough operational, the use of SLATS for LEB riparian
assessment would require a Pilot Study phase.

Other remotely sensed data, such as airborne laser, airbome hyper-spectral and
satellite multi-spectral fine resolution have the potential to measure daminant
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tree and shrub species in the riparian zone and map vegetation associations
within this zone (CSIRC, 2003). With the naturaliy low canopy cover and low
species diversity of riparian trees in the LEB the use of remotely sensed data in
this respect is feasible. To make these techniques operational for assessment
field based ground-truthing of vegetation associations and species composition
would be required. This would require a Pilot Study and R & D phase of
development. - u

Riparian Recruitment / Regeneration Indicator

REGENERATION RV INDEX. Regsneration of native taxa in the riparian and
floodplain zone is an important indicator of overall condition, as is a range of

~age classes in the different vegetation classes. The Index of Stream Condition
(ISC) uses an index for regeneration (see below). This field-based measure
could be implemented immediately.

Description Rating

Abundant and Healthy (>5% cover of healthy native regeneration and | 2
typical features: range of heights, no obvious signs of siress or extensive
pradation from stock, rabbits or insects.

Present (between 1-5% cover of healthy native regenaration or »8% of | 1
unhealthy regeneration and typical featurss: few taxa present, most
regensration is about the same height, ohvious signs of sfress

Very limited regeneration - less than 1% cover of native regeneration (i

Given broad scale pastoralism across the LEB it may be necessary to establish
a referential system here, where sites of low grazing pressure (cattle, cther
stock, rabbits, macropods etc) can be used as reference paints.

Riparian Percent Exotics Indicator

NATIVES RV Index (Jansen & Robertson, 2001) measures the percent exotic
contribution to the overall vegetation caver and structural complexity. The
NATIVES Index wouid be measurad at the site or waterholes scale. Measures
that comhine to form the NATIVES index are shown befcw. This field-hased
measLire could be implemented immediately.

ieasurs Range | Method of Scaring Mo of
measurements
per site

Canopy 0-1 Cover score for natives divided by 4
the caver scors for all vegetation

Understorey 0-1 Cover score for natives divided by 4
ihe cover score for all vegetation

Ground Cover 01 Cover score for natives divided by 4
the cover scere for all vegetation
0= no vegetation layers to 3=graund

Eumber of 0-3 cover, ungderstorey 3.ellnd cano;?y 4

ayers a
Yars
Scale

SLATS and other remotely sensed data systems could be used across the hasin
to monitor composition and extent of both riparian and floodplain vegetation.
Natural changes in vegetation extent and cover would need to be understood
and ground truthed. Remotely sensed assessments could be undertaken at the
catchment scale.

The site based measures (COVER RV, REGENERATION RV, NATIVES RV)
would all be undertaken at sites nested within locations across the basin.
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4.6.4,
Proportion of Catchment Cleared Indicator

SLATS FV (Statewide Landcover and Trees Study: Gouleviteh et al., 2002).
SLATS maps and monitors Queensland’s woody vegetation cover using
Landsat Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+)
satellite imagery. These techniques provide data on vegetation cover and cover
change. SLATS could he used to estimate cover of floodplain vegetation at a
reach fo sub-catchment scale, this could then be converted to the proportion of
the catchment cleared. Although operational in Queensland, the use of SLATS
in the assessment would require a Pilot Study phase.

Floodplain Vegetation Condition Attribute

Other remotely sensed data, such as airborne photography, airborne laser,
airborne hyper-spectral, satellite multi-spectral fine resolution and satelite
hyper-spectral have the potential to measure the percentage of the catchment
cleared (CSIRO, 2003). Although aft these technigues are operational, to detect
changes in floodplain cover for use as an assessment too! the techniques would
require a Pilot Study and R & D phase of development.

Floodplain Vegetation Composition and Extent Indicator

COVER FV Index (Jansen & Robertson, 2001) measures vegetation cover and
structural complexity. The COVER Index would be measured at the site or
reach scale. Meastres that combine to form the cover index are shown below,
For the Lake Eyre Basin rivers the Cover FV index would need to be corrected
for what would be expected in that region of the basin, given the extreme spatial
and temporal variability. This field-based measure could be implemented
immediately.

Measura Range | Method of Scoring No of
measurements
per site

Canopy Cover 0-3 O=ghsent, 1=1-30%, 2=31-60%, 4
3=>60% cover

Understorey 0-3 O=ghsant, 1=1-30%, 2=31-60%, 4

Cover 3I=260%

Ground Cover 0-3 O=absent, 1=1.30%, 2=31-60%, 4
3=>60%

Number of 0= no vegetation layers to 3=ground

Layers 0-3 cover, understorey and canopy 4
lavers

Remotely sensed data, such as airbome laser, airhorne hyper-spectral and
satellite multi-spectral fine resolution have the potential to measure dominant
treg and shrub species on the floodplain and map vegetation asscciations within
this zone (CSIRO, 2003). With the naturally low canopy cover and low species
diversity of flocdplain vegetation in the LEB the use of remotely sensed data in
this respect is feasible. To make these technigues cperaticnal for assessmant
field based ground-truthing of vegetation associations and species composition
would be required. This would require a Pilot Study and R & D phase of
development,
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Floodplain Recruitment / Regeneration Indicator

REGENERATION FV INDEX. Regeneration of native taxa on the floedplain is
an important indicator of overall condition, as is a range of age classes in the
diffsrent vegstation classes. The Index of Stream Condition (ISC} uses an
index for regeneration {see below). This field-based measure could be
implemented immediately.

Floodpiain Vegetation Percent Exotics Indicafor

NATIVES FV index (Jansen & Robertson, 2001) measures the percent exotic
contrihution to the overall vegetation cover and structural complexity. The
NATIVES FV Index would be measured at the site or reach scale across the
floodplainn. Measures that combine to form the NATIVES FV index are shown
helow. This field-hased measure could be implemented immediately.

Description Rating Measure Range | Methad of Scoring No of
Abundant and Healthy (>5% cover of healthy native regeneraticn and | 2 measursments
typical features: range of heights, no obvious signs of stress or extensive per site
predation from stock, rabbits or insects. Canapy 0-1 Cover score for natives divided by 4
Present (between 1-0% cover of healthy native regenerafion or 2% of | 1 the cover score for all vegetation
unhealthy regeneration and typical features: few tfaxa present, most Understorey 0-1 Cover score for natives divided by 4
regeneration is about the same height, obvious signs of stress the cover score for all vegstation
Very limited regeneration ~less than 1% cover of native regeneraticn 0 Ground Cover 0-1 Cover score for natives divided by 4
tha cover score for all vegetation
0= no vegetation layers to 3=ground
[Jumber of 0-3 cover, understorey and cancpy 4
ayers
tayers

As remotely sensed data, such as airbome laser, airborne hyper-spectral and
satellite multi-gpactral fine resolution have the potential to measure dominant
tree and shrub species on the floodplain (CSIRO, 2003) these remote
techniquas could be further deveioped fo allow detection of the presence and
extent of exotic taxa within the assemblage, particularly if differences between
native and exotic taxa are spectrally distinguishable. To make these techniques
operational for assessment, however, field based ground-truthing of species
composition would be required. This would require a Pilot Study and R & D
phasea of development.
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Scale
SLATS and other remotely sensed data systems could be used across the basin

to monitor composition and extent of floodplain vegetation. Natural changes in *

vegetation extent and cover would need to be understood and ground truthed.
Remotely sensed assessments could be undertaken at the catchment scale.

The site based measures (COVER FV, REGENERATION FV, NATIVES FV)
would all be undertaken at sites nested within locations across the basin.

4.6.5. Riparian and Floodplain Biodiversity Attribute
Plant Biodiversity Indicators

Involves the identification of riparian and floodplain taxa in given quadrat areas.
Biodiversity indicators would be reported as the number of taxa present or the
functional diversity present. Using existing data and historical surveys current
richness values could be compared with what is expected in any given region
creating an O/E score for vegetation. This indicator would be subject to the
same trend in change with naturat declining conditicn (during droughts and dry
phases).

Riparian and Wetland Bird Diversity

Kingsford et al. {1999) describe a methodology for using aerial surveys of
waterbirds to assess the health of wetlands in the arid zone. The methodology
can successfully be used to collect abundance data for up to 50 different
waterbird species. The techniques are quick and inexpensive compared with
ground counts and can potentially be used to survey large areas rapidly.
Richard Kingsford (NSW National Parks) has successfully used aerial survey to
assess waterbird populations on wettands in both the Murray-Darling Basin and
the Lake Eyre Basin and has a considerable long-term dataset. This
methodology could be extended to cover more of the Lake Eyre Basin and could
he implemented immediately.

Bryce et al. (2002) have developed a bird index of biatic integrity which could
easily be adapted for use at different scaies in the LEB. Given the dynamic and
variable nature of bird assemblages in the LEB, a bird IBI will be subiect to the
same problems as other biotic indicators (See Section 6.2.4). A bird measure
stich as % exotics or some sort of rainfall adjusted abundance may be useful in
detecting riparian vegetation health at a reach scale. The Bird 1B would require
mare R&D before it could be applied.

Scale

The ground-based measures would need to be undertaken at the site scale,
with numerous sites per catchment be required to make catchment assessment.
Aerial surveys of waterbirds would be undertaken at the scale of reach or
wetland and allow assessment of a larger area.
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4.7.  Waterhole Theme
4.7.1. Backgrouhd

The indicators suggested under the Waterhole Theme are all operational,
having been used for a number of years as part of the South-East Queensland
EHMP having been initially tried and tested across a land clearance catchment
disturbance gradient (see Smith & Storey, 2001). Some of these indicators
were also selected for frial in the Pilot Audit of the Murray-Darling Basin
Commissions Sustainable Rivers Audit (Whittington et al. 2001),

The suggested indicators focus on waterhole condition and would ideally be
measured during low-flow conditions. The range of potential attributes and their
indicators are outlined below. The feasibility of any one indicator or attribute in
assessing river health across the LEB can only be determined after
investigations of a Pilot Study using existing data. '

Recognising the importance of waterholes in the LEB watercourses, the
Waterhole Theme is designed to measure both pattermn and process response
indicators in waterhole environments (Figure 4.6).
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Watf}/ Macroirvertehiates  ECOSYSIEM  Mitdente  Fish
Quality proesses

Figure 4.6. A typical riverine focdweb has inputs such as branches, feaf litter, organic matter
(CPOM, FFOM & DOC) from the riparian zone. Periphyton and this terrestrial detritus is then
consumed by aquatic invertebrates (primary consumers).  In tum predatory invertebrates, fish
and other aquatic vertebrates eat these primary consumers,  The predatory invertebrates are
ealen by fish and other aquatic vertebrates. Small fish may in turn be eatan by farger fish, as
well as hirds. Modified from SEQWRMS (1999).
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4.7.2. Possible Attributes

Attribiites Possibie Altributes for Measurement
Water Quality Caonductivity
pH

Diel range in dissclved oxygen
Diel range in water temperature

Taxa Richness
Modified SIGHAL Score
AUSRIVAS scores
Specific Indicator Taxa

iMacroinvertebrate

Fish % Mative species
% Exofic individuals
Fish Assemblage O/E

Benthic Metaholism
Algal Biomass & Composition
Carbon & Nitrogen Stable Isotopes

Ecosystem
Processes

Nutrients Nutrients (Total and Available N and P)

4.7.3. Water Quality Attribute

Indicators for measuring water quality have been included in a number of other
assessment programs (see Chapter 2). The individual indicators suggested for
each program differ and a Pilot Study would need to be undertaken using
existing water quality data and new data to assess the usefulness of each
indicator and attribute for informing health in the Lake Eyre Basin rivers.

As spot measurements of water quality taken once or twice a year offer little
information on overall river health, especially in systems as physically and
hydrologically variable as the LEB, it is often recommended that water quality

sampling be undertaken more frequently. Whittingtan et al. (200%) suggested
sampling at least six times per year for water quality as part of the SRA. Given
the remoteness of much of the LEB we don't consider this level of frequency
feasibie unless it was built into a broader community based program such as
Waterwatch, We suggest that the indicators within the Water Quality Attribute
be collected at the same time as the other field-based measures, as they will
inform the interpretation of the biodiversity and ecasystem process attributes.
For some water quality measures the use of automated loggers is applicable.

Remotely sensed data is also being developed to assess a number of water
quaiity parameters (CSIRO, 2003) and where appropriate we have highlighted
its potential use. The use of such data, however, is still in the R & D phase of
development,

Conductivity

Conductivity, which is the abillty of water to conduct an electrical charge, can
also be used as a measure of the salinity of a water body. Elevated salinity
levels {>1500 pS cm) are known to have negative effects on hiotic diversity.
Many Australian waters have naturally higher salinities than other parts of the
world, these salinities are often highly variable in time and space, reflecting
flooding and drying regimes or differing groundwater inputs throughout the
hydrological cycle.

Conductivity can be measured hy a hand held meter in the field, from a water
sample in a laboratcry or it may be assessed at remcte locations using
automated loggers.

pH

pH is a measure of the concentration of hydrogen ions in the water. It is
measured on a reverse logarithmic scale of 1 (highly acidic) to 14 (highly
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alkaling) with 7 being neutral. Extreme pH values are known to have adverse
effects on respiration and ionic balance in aquatic fauna.

pH can be measured with a handheld meter in the field it can also be measured
at remote locations using automated loggers.

Diel range in dissolved oxygen

The oxygen concentraticn of the water is critically important for aquatic biota.
More important is the diel range in dissolved oxygen concentration.
Watercourses with a high pollution load may have refatively high levels of
dissolved oxygen during the day {due to photosynthesis) but levels may drop to
near zero during the evening, in the absence of photosynthesis, and owing to
high levels of respiration.

The diel range in oxygen concentration can be measured over 24 hours with a
probe and a logger.

Dief range in water temperature

As with oxygen, water temperature can be critically important for aquatic biota.
Again, the diel range in temperature can be significant, Watercourses that are
well shaded may have a small range of temperature change over 24 hours
owing to protection by riparian vegetation whereas those with no riparian
vegetation, or unhealthy vegetation may show extreme changes due to heating
during the day and excessive ccoling at night. In many of the LEB rivers
riparian vegetation is naturally sparse and possibly has little effect on
maintaining temperatures. The diel range in temperature may be naturatly high.

The diel range in water temperature can be measured over 24 hours with a
probe and a logger. Temperature can also be measured at remote locations
using automated loggers.

Turbidity

Turbidity provides an indication of the amount of suspended solids in the water,
or opaquensss of the water. Turbidity affects light penetration and therefore
primary production. Both increases and decreases in natural turbidity lsvels can
impact watercourses. Many of the LEB rivers have naturally high levels of
turbidity. In this system any impact that caused a decrease in turbidity levels
may inadvertently cause an increase in primary production.

Turbidity can be measured In the field using a multi-probe or in the iab from a
collected water sampla,

There is also potential for turbidity to be measured from remotely sensed
airborne of satellite imagery (CSIRQ, 2003), its use in the highly turbid Lake
Eyre Basin dvers would nead to be investigated through an R & D phase.

Scale

Field-based water quality parameters would be measured at the site scale and
we recommend measurement at the same frequency as the hiodiversity and
ecosystem process indicators. If assessment programs in the LEB are
developed for particular localized impacts, such as urbanization or large-scale
upstream developments, then more frequent sampling of the water quality
indicators may be requirad.
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4.74. Macroinvertebrate Attribute .

Macroinvertebrates are ussful in river assessment for the reasons outlined by
Rosenberg & Resh (1993) which include:

o Ubiquitous - found in nearly every aquatic environment

0 Sedentary- providing indication of localized environmental conditions

o Large numbers of taxa with broad range of reasonably well known
tolerances to disturbance and pollution.
Infegrate the effects of disturbance over time
Ease of collection using existing protocols

O O

Macroinvertebrate assemblages are routinely sampled in many river health
assessment programs and there are established techniques for their sampling in
the field and processing within the laboratory. A number of measures of
macrcinvertebrate diversity is routinely used. Once a sample has been taken
and sorted the calculation of a number of these measures is simple. Although
the use of macroinvertebrates as an indicator is operational and could be
implemented immediately, the usefulness of any one measure for the LEB rivers
would need to be assessed through a Pilot Study phase, as different programs
have found different scores perform better in different catchments (Smith &
Storey, 2001).

Total Richness

Total richness is the number of taxa at a particular taxonomic resolution
(families, genera or species) found at each site. The use of “total richness” as
an indicater is based on the idea that impact leads to a reduction in richness
due to the loss of some taxa.

OET Richness

it many assessment programs the EPT (Ephemeroptera: mayflies, Plecoptera:
stoneflies, Trichoptera: caddisflies) richness is used as an indicator of river

health. This is because the EPT taxa are befieved to be some of the most
sensitive insect orders to disturbance. The use of the EPT richness indicatar is
made difficult in many arid and ephemeral areas of Australia as Plecoptera are
naturally absent from the assemblage. Pilot studies of existing data could
explore the use of Odonata {dragonflies} instead of Plecoptera, which are not
found in LEB rivers. A similar suggesticn has been made for the Murray-Darling
Basin rivers (Swirepik pers comm.), suggesting an OET Richness Indicator may
be useful.

SIGNAL - Stream Invertebrate Grade Number

Originally developed by Chessman (1995) and recently modified (Chessman
2003). SIGNAL gives scores fo common aquatic invertebrate families based on
their sensitivity to salinisation and poilution. SIGNAL was originally developed
for eastern Australian streams, particularly those in the Sydney Water Board
region. The more recent modification of SIGNAL has extended its use and
provided a geographic framework for interpreting the SIGNAL score.

The calculated SIGNAL score, as an indicator of tiver health, should be
explored initially on existing data. Another option is to reassign scores to taxa in
the Lake Eyre Basin, to make SIGNAL more sensifive in these rivers. This
option sheuld be explored through Pilot Studies with existing data.

AUSRIVAS Score

AUSRIVAS (the Australian River Assessment Scheme) is an Australia wide river
health assessment program using macroinvertebrates.  AusRivAS models
assess the condition, or “health”, of a site by predicting the macroinvertebrate
fauna expected (E) to occur at a site in the absence of disturbance. Predictions
are derived from data collected from a set of minimally disturbed Reference
sites. Sampled sites closest to reference condition will have an O/E score close
to 1 but disturbed sites are suggested to have O/E scores of less than 1, with
the lower the score suggesting the greater the impact.
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If the AUSRIVAS Score is to be implemented and used within an assessment of
LEB river health then robust regional models need to be developed for these

HvVers.

Scale

There are many different techniques available for collestion of
macroinvertebrate samples however, the most common technique used in rivér
heaith assessment throughout Australia is that developed as part of the
Monitoring River Health Initiative (MRHI). This sampling protocol now forms the
basis of the AUSRIVAS sampling undertaken around the country. We
recommend that macroinvertebrate sampling within any assessment of LEB
tiver heaith be undertaken using the relevant AUSRIVAS sampling protocols
(http:/fausrivas.canberra.edu.au/Bioassessment/Macroinvertebrates).

Macroinvertebrate sampling would be undertaken at the site scale. Samples
would need to be collected twice yearly and the AUSRIVAS protocol suggests
autumn and spring collections. The Sustainable Rivers Audit (Whittington et al.
2001) recommends collecting samples from 30 sites per river valley to make a
catchment assessment of health however, they recommend sampling only every
two years (MDBC, 2004d). Given the spatial and temporal variability within the
LEB we would suggest more frequent sampling {twice yearly) over fewer sites
and the sites grouped by reach (minimum of 20 sites for haadwater region, 50
for river channels & waterholes, 10 for terminal wetlands).

4.15, Fish Assemblage Attribute

Fish are useful in river assessment for the reasons outlined by Harris (1995)
which inciude:
0 Longevity - providing long-term indicators
Mobility ~ providing broad spatial coverage
Range of traphic levels — integrate broad aspects of the ecosystem
Ease cf collection
Usually well known taxenomy and easy identification in the field
Habitat and ecology usually well known

cC o o0 oo

Fish assemblages are also routingly sampled in many river health assessment
programs and there are established techniques for their sampling and
assessment in the field. For river health assessment fish data from sampling
sites are often composed into an Index of Bictic Integrity (IB!) where a number
of different atiributes of the fish assemblages are considered at once. Given the
low diversity, high tolerance and generalistic nature of the fish assemblage of
the LEB we suggest that a few specific measures of the fish assemblage may
be a better assessment of the health than a more complicated IBI.

% Native species

The number of native species is commonly used to measure ecological
condition of aquatic systems (see Harris, 1995; Kennard &t al, 2001). The
number of native species is expected to decline with increasing environmental
stress. In the Lake Eyre Basin rivers the number of native species present in
the fish assembiage is naturally low {Sheldon et al., 2003; Arthington et al., in
press) and varies naturally between sub-catchments. The percentage of native
species may be a better indicator in these systems, with percent native spacies
decreasing with increasing anthropagenic impact.
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% Exotic Individuals
This measure would need to be included with the above measure and only one

exotic species may mean that 95% of all taxa are still native, however, this cne

exotic may comprise 70% of the abundance having a hig impact on the
assemblage. The presence and relative abundance of exotic species (% exotic
individuals) has been suggested to reflect the general condition of the aquatic
ecosystem {see Kennard et al., 2001). The value for % exotic individuals should
increase with increasing environmental stress.

Fish Assemblage O/F

Qver larger regions within the LEB (reach to sub-catchment) the ratio of
abserved number of species to expected number of species (O/E) could be
used as a summary of regional condition, The LEB fish assemblage is rather
species poor and species presence and absence varies considerably over very
short distances. Comparing fish species presence and absence at the regional
scale, rather than at the site scale, weuld be more meaningful within this
system.

Scale

Fish sampling can be undertaken using a range of techniques. The SRA has
recommended the use of electro-fishing and bait traps for fish assemblage
assessment in the Murray-Darling Basin (MDBC, 2004e).  However,
electrofishing has not been routinely used in the LEB where combinations of
fyke, gill and seine nets have been preferred (Puckridge, 1999; Bailey & Long,
2001; Arthington et al,, in press). The sampling efficiency of electrofishing is
greatly reduced in highly turbid waters such as those of the LEB (Pusey et al.,
1998). If aspects of fish assembiage structure were fo be used in the health
assessment of Lake Eyre Basin rivers we suggest the use of tested equipment
within these rivers (fyke and seine nets) see also Puckridge (1998b).

Fish sampling would be undertaken af the site scale. We have suggested that
samples be collected twice yearly. The Sustainable Rivers Audit (Whittington et
al. 2001) recommends collecting fish samples from hetween 20-40 sites per
river valiey to make a catchment assessment of health, however, the Pilot SRA
Audit recommends sampling every site once every three years with one third of
all valleys sampled every year (MDBC, 2004e). Given the spatial and temporal
variability within the LEB we would suggest more frequent sampling (iwice
yearly) over fewer sites, and these sites grouped by reach (minimums of 20
sites for haadwater region, 5C for river channeis & waterholes, 10 for terminal
wetlands),

BT T R B e
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4.7.6. Ecosystem Processes Attribute

Where the suggested macroinvertebrate and fish attributes focus on the
diversity aspect of ecosystem health, this attribute focuses on ecosystem
processes.  Although the maintenance of ecosystem processes is integral in
ecosystem health they have only recently been included in river health
assessment programs (Bunn et al.,, 1999; Smith & Storey, 2001; MDBC, 2004b)e

Community Metabolism Indicator

Measures of the gross amounts of bath primary production (photosynthesis) and
respiration {community metabolism) represent the amount of carben produced
and consumed in any given ecosystem (Smith & Storey, 2001). Community
metabolism is therefore an integral part of scosystem function. It influences the
hiomass and trophic structure of ecosystems.

Community metabolism can be determined by measuring the net change in
dissolved oxygen within dome-shaped Perspex chambers over a 24 hour pericd
(see Udy et al., 2001). Different components of benthic metabolism can be
calculated by comparing the rate of O» change in the chambers at different
times of the day. In the Pilot SRA Audit within the rivers of the Murray-Darling
Basin (MDBC, 2004h) problems were encountered with the use of metaholism
chambers, these included:
o Complexity of equipment and need for specialist training
0 High failure rate of equipment and damaga potential
o Chamber data cannot be integrated at the reach level, making
comparisons hetween regions difficult.  However, the use of the
Classification of rivers within the LEB (Section 2 & Background
Document) should alleviate this problem, with data only compared
between like reaches.
o Difficulty in establishing reference condition.

The SRA suggested that the whole-stream method tialed as part of the Pilct
Audit had the greatest potential as a routine menitoring toot in the large rivers of
the MDB (MDBC, 2004b),

For the LEB rivers, the measurament of banthic metabolism in the littoral zone
using benthic chambers has been successfully undertaken as part of the CRC
for Freshwater Ecology, Dryland River Refugia Praject (Fellows pers com).
Although these measures have not been used to infer health they demonstrate
that the techniques work in these rivers. In LEB rivers the alternate use of
whole-stream metaholism may be limited due to issues with disconnection
between sites and extreme hydrological variability.

Althcugh the techniques and methodology exist for immediate implementation,
we suggest that the use of matabolism chambers as a measure of community
benthic metabolism and therefore an indicator of river health be explored in a
Pilot Study phase. During the Pilot Study issues relating to specific habitat
deployment and replication could be addressed.

Algal Biomass Indicator

Increases in benthic algal biomass often result from Increases in nutrient and
light availability. Littoral benthic algae have been shown to be fundamental
drivers of the food web of Cooper Creek waterholes (Bunn et al., 2003) and
measuring sustained changes (either increases or decreases) in henthic algal
hiomass may prove to he a useful indicator of health.

Benthic algal biomass can be measured using "bioassay pots" (small piastic
pots covered with a 100 um mesh lid), which can be deployed at a site and Ieft
for four weeks prior fo sampling. On callection the mesh is removed, frozen
until return to the laboratory where chlorophyll & analysis can he undertaken
(see Udy et al., 2001).
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Stable Isotopes Indicator

The 315C values of freshwater algae have been shown to be correlated witha
GPP of benthic algae across a number of different catchments in Australia
(Bunn et al. 1999). &'3C values have been used successfully in ecosystem
health moniforing in south-east Queensland (Smith & Storey, 2001).

The use of 515N values of aquatic plants as an indicator of nitragen cycling in
streams was recommended from the DIBMJ project (see Smith & Story, 2001)
as it integrates factors that relate to the denitrification process and catchment
landuse. The use of &N is becoming more common in monitoring programs
where there is an interest in the nitrogen cycle. As 8'SN analysis is also a
relatively simple method it is also possible that this could be used at a large
number of sites, with high 57N values being used as a mechanism to instigate
further investigation of the nitrogen cycle at specific sites.

Although the measurement of §'3C and 8N requires the use of a technically
precise analyticat instrument (mass spectrometer) it is relatively easy to collect
the samples.

The use of stable isotopas of N and C as indicators of river health were explored
as part of the Piiot Audit for the SRA. There were difficuities encountered and
these related mostly for fleld coliection (MDBC, 2004b). The recommendation
fram the SRA was that although the use of stable isotopes as indicators of river
health was promising, their inclusion in the full SRA would require further R & D.

Given the relative ease of collection and processing of samples for stable
isotope analysis we recommend that their use in the context of the LEB river
health assessment be initially explored in a Pilot Study, taking into account the
issues raised in the Pilot SRA.

Scale

Sampling for Ecosystem Process indicators would be undertaken at the site
scale at the same time as the other Waterhole Theme indicators.  Given the
spatial and temporal variability within the LEB we recomment frequent sampling
(twice yearly) for all indicators with event based sampling of specific indicators
where appropriate.  We recommend a higrarchical sampling design of sites
nested within location with a minimum of 20 sites across 4 locations for the
headwater region, 50 sites across 10 iocations for the river channels &
waterholes, and 10 for terminal weatlands,
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4.71.7. Nutrients Aftribute

Nutrient and light availability are important in determining the structure and
health of aquatic ecosystems. When light does not fimit plant growth, nutrignt
availability is the next most likely factor that will. Therefore measuring the health
of key nutrient processes in an environment, and which nutrients if any are
imiting algal growth, are important parameters in the management of rivér
ecosystems,

Research and water quafity samples undertaken as part of the CRC for
Freshwater Ecology, Dryland River Refugia Project, suggest that nutrients are
not limiting aigal {benthic or pelagic) production in the Cooper system. Rather,
the high turbidity levels, make light the most likely limiting factor. As benthic
algae has been shown to be the basis for much of the food weh in the Cooper
Creek system (Bunn et al.,, 2003), we recommend measuring at least some
nutrients at a site scale as an indicator of potential changes to the nutrient —
fight balance in the LEB rivers., Total nitrogen and phosphorous can be
measured from water samples collected and frozen in the field, or estimated
using field based nutrient kits.

Total Nitrogen and Phosphorous

Samples for total N and P can be collected on site using an appropriate
sampling technique {see MDBC, 2004b). The scale and remoteness of much of
the LEB means that frequent sampling for nufrients will not be feasible. We
recommend that samples be coflected along with the site based assessment
sampling for other attributes within this theme, with more frequent spatial and
temparal sampling implemented where potential impacts are thought likely {eg.
downstream of urban centres etc). As the spatial and temporal variability of
these nutrients has not been quantified for LEB rivers, we recommend a Pilot
Study phase for these indicators in which existing data (see Bailey, 2001) could
be used.

Soluble Nutrients

The scluble nutrients that should also be coliected inciude:

o FRP:filtered reactive phosphorus

o Nitrate & Nitrite

o Ammenia
Details of sampling methods and laberatory processing for these scluble
nutrients can be found in MDBC, (2004b). As the spatial and temporal
variahility of these nutrients has not been quantified for LEB rivers, we
recommend a Piiot Study phase for these indicators in which existing data {see
Bailey, 2001) could he used.

Scale

The sampling scale for nutrients would be the same as for water quality. A
subset of sites would be sampled for seasonal assessment, while a larger suite
watld be samplad on an events basis.
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4.8. Indicator Summary

Table 4.1 Summary Table of Suggested Indicators within each Theme for detecting the change in condition of different regions (Headwaters {HW), Channels & Waterholes (CE&W),

RN

&

Terminating Wetlands (TW)) of the Lake Eyre Basin. Implementation categorles: “Immediate” = could be implemented straight away, “Existing Data” = there is existing
data which could be used to generate long-term trends, “Pilot Study” = the methodology exists but to be adequately used as an indicator in this context in the LEB
would require a pilot study ~and could be considered for implementation in the short-term, “R & D" = this would be a useful fachnigue buts its use as an indicator
would require some research and development and its implementation would need to be considered in the long-term.

. . Region
Theme Attribute Suggested Indicator Types of measurement Implementation W caW 1w
 Upstream water licensing information [mmediate
Volume of Water Held in Storage Upstream area (volume) of water slored .
o Filot Study
W calgulated from satellite imagery
ater Use n — ; :
Water licensing information Immediate
Percent of Flow Diverted Area [volume) of water diverted calculated Pilot Stud
from satellite imagery Y
Long-ierm variability (and changes in
Flow and Flood varlabitity) in amplituds, fraquency and Pilot Study
duration of floods
Hydrological Variability | Flow Variability. Leng-term changes in variability of multi- ‘
annual flows Pllot Study
Pradictability analyses Pilot Study
Flood Extent Flood Extent Changes in the discharge vs. Flood extent Immediate

relationship
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. ’ . Region
Theme Attribute Suggested [ndicatar Types of measurement Implementation v CEW T TW
Riparian & Floodplain vegetation taxa Pilot Study
Riparian and Floodplain oL righness - . ‘ .
L Plant Vegetation Biodiversity Riparian & Floodplain vegatation functional Pilot Study
Biodiversity o
diversity
Riparian & Waterbird diversity Immediate
Riparian Cover index Immadiate
Riparian Composition & Extent Riparian SLATS - using TM and ETh+ Pilat Study
; Riparian Vegetation images
IEI[E::;;I'; i?\nd Condition Riparian Rgcr‘uitment & Riparian Regeneration Index Immediate
Regeneration
Riparian Percent Exotics Riparlan NATIVES Index Immediate
Floodplain Cover Index Immediate
Floodplain Composition & Extant Floodplain SLATS ~ using TM and ETM+ Pilot Study
Fioodplain Vegetation images
Candition ;Isggﬁ‘ia?gio}?ﬁcrultment & Floodplain Regeneration Index immediate
Floodplain Percent Exotics Floodplain NATIVES Index Immediate
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Theme Aftribute Suggested Indicator Types of measurement Implementation
Macroinvertebrate Assemblage Taxg ! ichniess Pilot Study
Composition Modified SIGNAL Scare Existing Data
Waterhole & Weiland AUSRIVAS Scores
Biodiversity % Nalive Species immediate
Fish Assemblage Diversity % Exotic Individuals Existing Data
Fish Assemblage O/E g
Waterholes & gﬁnducnwty {salinity)
Wetlands Waterhole & Wetland Water Qualit Turbidity Immediate
Watar Quality Y Diel Range in dissolved oxygen Existing Data
Diel range in water temperature
Nutriants (Total and zvailable N and P)
. Benthic metabolism
Eﬁggﬁle Process & Ecosystem Processes Algal Biomass & Composition Pilot Study
Carbon & Nitrogen Stable Isotope Analysis
Theme Attribute Suggested Indicator Typas of measurement Implementation Region
_____ HW C&w | TwW
Floodplain geomorphic complexity R&D
Physical Form &?:é]r?til System Channe! System Integrity Channel Complexity Pitot Study
y Within Waterhale complexity Pilct study
Erosion Potential Erosion Potential Landscape Function Analysis R&D
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4.9. Assessment Approach
Spatial Scale

The suggested indicators can be sampled and collected at either a local scale
(site based measuremenis), regional scale (multiple site measurements,
regional surveys or remotely sensed data) or for the hydrological indicators at
the catchment scale {see Table 4.2).

Local Scale Assessmant

With assessment at the local scale both strategic and random sites should be
used within the confines of budgets. Strategic sites will include Wetlands of
National significance, Ramsar sites or other strategic conservation sites as well
as established moritoring or research sites with existing data. Most measured
ecological variables, however, wili demonstrate considerable variation in space
and time across many scales (Downes et al., 2002). To increase the power of
any of the indicators to detect change over the large spatial scales evident
within the Lake Eyre Basin it will be necessary to quantify the within location
variability, as compared to the between location variability. To this end for both
the Headwater zone and Channels & Waterhole zones random sample sites
should be positioned around strategic sites, such that several sites will be
sampled within specific locations at each sampling time (see Downes et al.,
2002; Page 129).

The number of sites recommended in Table 4.2 wil include both strategic and
random sites. For example, the minimum of 20 recommended sites for the
Headwater region may include 4 locations, with one strategic site in each
location and 4 random sites. The minimum of 50 recommended sites for the
Channels & Waterholes region may include 10 locations, with one strategic site
in each location and 4 random sites. The pasitioning of random sites with
strategic sites for the terminal wetlands will be difficult and thus a minimum of
10 terminal wetlands should be monitored across the LEB with location
grouping where possible,

For indicators measured at the “local” scale a site-based assessment of health
will be generated, the condition assessment will be relevant oniy at a regional
scale and little catchment condition will be inferred unless a large number of
sites were sampled.

Recommended positian of sites for
the river channals and waterholes
zones of the Lake Eyre Basin.
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Table 4.2

strategic sites that should be included in the local assessment.

Strategically selected as well as randomly selected sites should be sampled.

Headwater Rivers & Waterholes Terminal Wetlands
Minimum of 20 sites Minimum of 50 sites Minimum of 10 sites
Recommended Recommended Recommended

QNRM Water Quality Monitoring
sites for the upper Cocper Creek

system
0 Aramac Cresk,
Reedy Creek

a

0  Sandy Creek

¢ upper Thomson River at
‘Camoola Park'

¢ upper Barcoo River at
Blackall,

There are no existing sites in the
headwater regicns of the
Diamantina or Georgina Rivers
and these would nead 1o be
established.

Wettands of Interational
tmportance in the region include
a number of spring sites:
Aramac Spiings, Cauckingburra
Springs, Doogmabylla Springs.

QNRM Water Qualily Monitoring
sites for the middle and lower
reaches of Cooper Creek, and
the Diamantina and Georgina
Rivers (see Bailey, 2001).

Wetlands of Internationsl

Importance in the region:

o Birdsville - Durrie
Waterholes Aggregation
{QLD0Z3),

0 Coaper Creek Ovarflow
Swamps — Windorah
(QLOOZ5),

o Cooper Creek Overflow
Swamps- Nappa Merrie
{QLD026),

a  Cooper Creek-Wilson River
Junction (QLLO27),

o Diamantina Lakes Area
{QL.DO28),

o Diamantina Overflow
Swamp-Durrie Staticn
{ALDD29),

o  Georgina River King Creek
Flootout (QLDOAO),

0 Mulligan River-Whester

Creek Junction (QLDO39).

l.ong-term research sitas within

the region (see figure):

o ARIDFLO

o CRC for Freshwater
Ecology Drvland River
Relugla Project.

o AUSRIVAS sites

Terminal Welland sites should
ba distributed across the LEB
and include terminal lakes in the
Headwaler Regions, such as
Lake Galiles and Lake
Buchanan. Other sites may
include Lakes Frome and
Blanche in South Australia as
well as Laka Eyre.

Other terminal wefland and lakes
systems that should be
considered include Lake Yamma
Yamma in the Themson River
catchment, Lake Torquinie Area
and Lake Philiipi in the Georgina
River catchment.

@&

Headwaters.

we recommend a minimum of at least 20 sites be established

across the headwater zone of the Thompson, Barcoo,
Georgina and Diamantina Rivers. These sites woutd ideally be
distributed as five per catchment.

Channels & Waferholes: we recommend a minimum of at least 50 sites bhe

Terminal Wetlands:

estahlished across this vast section of the Lake Eyre
Basin.,  Sites should include the Cooper channel
country and lower Cooper, Diamantina channe!
country and lower Diamantina and the westem rivers
including the Neales, a long-term sampling region for
the ARIDFLO Project.

Terminal Wetlands and Lakes are distributed across
the Lake Eyre Basin. We recommend a minimum of at
least 10 terminai wetlands sites be established.
These would include internally draining 1akes such as
Lake Galilee and Lake Buchanan in Queensland and
Lakes Frome and Blanche in South Australia. Lake
Eyre should be inciuded as the terminus of the Lake
Eyre Basin rivers system,

Regional Scale Assessment

Regional Scale Assessment has been recommended for the Physical Form
indicators.  These indicators are measured over larger distances and areas
compared with many other indicators and will use remotely sensed data or
large scale mapping. We have recommended at least eleven regions {or farge
scale reaches) for the assessment. These would include headwater regions in
the Thomson, Barcoo, Diamantina and Georgina, middle and lower reaches of
the Georgina and Diamantina River and Cooper Creek and at feast one region
on the wastern Neales River,
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Recommended regions {or ®
reaches) for undertaking
regional assessment of some
indicators within the Lake
Eyre Basin.

Catchment Basod Assessment

We have recommended Catchment Based assessment for the Flow Theme
indicators. The nature of this data means it is collected at a catchment scale
and allows reporting at the catchment level.

Summary of Spatial Approach

Cverall we have recommended a “hybrid approach” for the assessment. This
involves a network of lecations within which groups of sites are nested. Sites
within locations should include some strategic sites (sftes with existing data or
specific conservation significance) as well as randomly chosen sites. This will
give a regional assessment of condition but will not provide detailed sub-
catchment-based assessments. By having the focations and regions
distributed across the Lake Eyre Basin, however, it will provide an assessment
of Lake Eyre Basin condition.

If detailed sub-catchment assessments are required, then a larger number of
sites than the recommended minimum, will be needed for each sub-catchment.
The Sustainable Rivers Audit of the Murray-Darling Basin suggested betwsen
18 and 30 sites per river valley (sub-catchment) were needed for various
indicators to make a catchment assessment of condition. With the high degree
of spatial and temporal variability in the Lake Eyre Basin, combined with the
large number of sub-catchments, this would suggest a large number of sites
are needad to undertake full sub-catchment assessments of the Lake Eyre
Basin rivers. In conjunction with the network of strategic sites for site-based
assessment we recommend a netwerk of regions be assessed for landscaps
change and physical form indicators.  The exact number of sites required to
make an assessment of condition and detect possible change (power) for each
indicator will ultimately need to be determined for each sub-catchment from
continued analysis of assessment data combined with Pilot Studies.
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Temporal Scale

Frequency of Assessment

Scale factors and indicators chosen will determine the choice of frequency of
assessment.  Different indicators will be assessed at different frequencies
within the 10 year reporting framework. The suggested frequency of
assessment is provided in the summary table and can be divided into Seasonal
Sampling and Events Based Sampling.

Seasonal Sampling

Seasonal sampling would reflect the spring and autumn sampling used in other
assessment programs. It would be undertaken on a subset of permanent
waterholes,

Events Based Sampling

Rainfall and flows in the headwater region are influenced by seasonal climatic
conditions, including monsconal phases and also by longer-term climatic
fluctuations such as El Nino and La Nina cycles. The biotic response to each
event will differ depending on the timing, magnitude and duration. Any
assessment of trends in this region needs to consider the initial condition and
variahility associated with seasonal extremes.

Summary of Temporal Approach

Although there is a seascnal component to rainfall in the Lake Eyre Basin rivers
and streams, and therefore flows and flogding in the channal and waterhole
network there is alsc a distinct unpredictable pulse in rainfall and thereby
channel filing and subsequent flooding. We recommend that assessment be
undertaken seasonally in subset of permanent waterheles (seasonal sampling)
and, in response to flow events and flooding (event based sampling), at a
larger suite of sites including temporary waterholes. The aim of temporal
sampling will be to detect the response to the flow event and follow the
subsequent change over a short temporal sequence.
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49.1. Summary of Spatial and Temporal Sampling
Tahla 4.2 Summary Table of Suggested Indicators within each Theme including the suggested number of sites or regions for sampling and the temporat frequency of sampling,
iﬁ?ng;::i(fi Suggested Sampling Approach
Theme Attribute Suggested Indicator Sites or
Regions Spatial Temporal
Volume of Water Hetd in Storages 6 Catchmant Bi-annual
Watar Use - -
Percent of Flow Diverted 6 Catchment Bi-annual
Flow & Flood - — - -
Hydrological Variability Flow Variability 3 Catchment Bi-annual
Flood Extent Flood Extent 6 Catchment Bi-annual
Riparian & Floodplain Biadiversity Riparian & Floodplain Biodivarsity 70 Local - site based Annual + post event
Riparian Composition & Sxtent 70 Local - site based Annual + post event
Rinarian & Riparian Vegetation Candition Riparizn Recruitment & Regeneration 70 Local - site basad Annual + post event
HI(';)(E:;IS;::]IH Riparian Percent Exotics 70 Local - site based Annual + post event
Floodpiain Compaosition & Extent 70 Local - site base Annual + post event
Floadplaint® Vagetation Condition Floodpiain Recruitment & Regeneration 0 Local - site based Annual + post event
Floodplain Percent Exatics 70 Local - site based Annual + post evant
Macroinveriebrate Assemblage Diversity 80 Local - site based 2‘5;:}?“’ Spring+ post
Waterhols & Wetiand Biodiversity 80 Local - site based Autumn, Spring+ post
Waterholes & Fish Assemblage Diversity _ event !
Wetlands Waterhcle & Wetland Water Quality | Water Quality 50 Local - site based Autumn, Spring+ post
event
Waterhole Pracesses & Function Ecosystem Processes 50 Local - site based 25;?1?”’ Spring* post
Physical Form -Char.mel System Integrity Channel System !nleg rity » i1 ng‘ional Five Years
Erosian Potential Landscape Function Analysis 1 Regional Bi-annua

%11 the headwater region, where true floodplains do not exist, these measures would be undertaken on catchment vagetation,
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49.2. Summary of Indicator Costing

Table 4.3 Summary Table of Suggested Indicatars within each Theme including thehsuggested nuinher of sites or regions for sampling and the estimated cost of sampling at a
given spatial scale and temporal frequency. Costings are “at the site” and do not Include travel from office locations. Costings have heen hased on. Those outlined by the QLD

Department of Natural Resources and Mines (www.nrm.goy. awmenttoringfindicatorsiiverfattachmenta htmf).

. . Mo of Sites, . Frequency —
Theme Attribute Suggested Indicatar Reglons Cost per Site per year
Water Use gofia:; 01; \J’;\:aterD Hel;l “; Storage 2 gz
Flow & Flood —_ SILE O PO e TBO" :
Hydrologlcal Variability Flow Yariability 3 0.5
Flood Extent Fiood Extent 6 3
Riparian & Floodplain Biodiversity | Riparian & Floodplain Bicdiversity 70 $8001
Riparian Composition & Extent
) Riparian Vegatation Condition Riparian Recruitment & Regenaration 70 $800 3
Riparian & Riparian Percent Exotics
Flocdplain P
Flocdplain Cemposition & Extent
Flondplaint® Vegetation Condition | Floodplain Recruitment & Regeneration 70 $800 3
Floodplain Percent Exotics
Macro] ehrata A blage Diversi 80
Waterhole & Wefland Biodiversity ‘acroanuen .sserln age Diversily $1000 3
Fish Assemblage Diversity §0 $2000 3
Waterholes &
Wetlands e & Weland Water Water Quality 80 $300 3
Waterhole Pracesses & Function | Ecosystem Processes 50 3500 3
i i 20
Physical Form Charlmel System Integrity Channel System !ntegrlly . 11 TED 0.5
Ercsion Potential Landscape Function Analysis (LFA) 11 3800 5

" indicators in this group invoive the use of Landsat imagery and costs will need to be determined (TBD) after a Pilot Siudy phase and the final form of the imagery is decided.

' This costing does NOT include waterbird surveys, which would be undertaken at a regional scale and will need to be cosled separately.
"® 1n the headwater region, where true floodplains do not exist, these measures would be undertaken on catchment vegatation.

2 agaln, this potentially involves the use of remately sensed data and large scale mapping techniques. The costing would need to be reviewsd when the final form of the indicator is

decided.
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4.10. Coping with High Levels of Natural Variability

4.10.1. Placing the Assessment Data on the Trajectory of Natural
Change

See also Section 4.3

One of the biggest challenges in interpreting the data collected on these.
indicators for rivers and streams in the Laka Eyre Basin is to understand the
large spatial and temporal variations in natural “condition”. This farge-scale
variation means that at any ane point in time, reflecting natural variations in
flooding and rainfall, some rivers and river reaches are likely to naturally be in
“‘good” condition while othars will naturally be in “poor” condition. Knowing
where a site is on a natural trajectory between “"good" and "poor” condition will
increase the power of the indicator to assess the health of the site in refation fo
anthropogenic impacts and prevent misinterpretation.

if the score, or cutput, of an indicator is recognised to vary in response fo
natural large scale fluctuations in hydrology then not only can the change in
indicator associated with anthropogenic disturbance be measured but also the
ability of the system to respond after the drying disturbance (resilience).

Temporal changes and resilience can be built info the use of many of the
ecosystem health indicators suggested in the following way; sites that have
only recently become disconnected after connecting flows or floods should
nresent as healthy, with increasing time since flood or connecticn there will be
a decline in the indicator score, This decline could be interpreted as a decline
in the “condition” or health of the waterbody. However, If the indicator bars are
modified so that a decline in condition with time since last flood or rainfall is
expected, even in waterbadies in excellent condition, then the interpretation of
"healthy" or "unhealthy” for a given waterbody will be more robust. Under this
modified scenario a site in poor condition would fail to respond or appear
healthy even immediatey after flooding or rainfall.

In highly variable rivars, like those of the Lake Eyre Basin, the spatial variability
in condition at any one point in time will be enormous and may well require
relationships hetween condition and flooding history to be developed for a
number of sites or regicns across the basin, We therefore recommend that
these trajectories of change will need to he established for the indicators
suggested, either through a Pilot Study phase, or by adaptive management and
reinterpretation during the first phase of assessment.

Health

Indicator Excellent
K Good

Fair

Poor

A 4

Repeated sampling events after major flood
Figurs The modified positioning of health indicator bars, such that a relationship
hetween health and time since last flood is recognised: dark bars = site in
“good” condition, fight bars = site in “poor” condition. Modified from the Grazing
Gradient Approach (Pickup & Chewings, (1984).
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411, Combining Indicators into a River Health Index

The methedology for reporting the finai outcome of river health assessment
varies between programs. The Index of Stream Condition (ISC) and the
Murray-Darling Basin Commission Sustainable Rivers Audit (SRA) provide a
method for aggregating indicator values into an overall Index.

The Single Index Approach

The Sustainable Rivers Audit (MDBC, 2G04a} uses an approach of “expert
rules" for combining indicators in the recommended fish, macroinvertebrate and
hydrology themes. The SRA describes the development of the expert rule
system as “taking a set of rules specified by one or more exports and creating a
decision surface”. The decision surface provides a single curve that reprasents
the ‘expert’ interpretation of the values of all the indicators.

The Index of Stream Condition (ISC; White & Ladson, 1999) measures key
indicators within a number of categories. These indicators are then combined
to form a sub-index, which is then further aggregated to form the overall 1SC
Score. To convert the indicator valuas to a dimensionless 'rating’ a scale of 0-4
is used with each rating value responding to a different band value of the
indicator. The overall !SC Score varies between 0 and 50.

Multi-indicator Approach |

The Ecological Health Menitoring Program (EHMP) for South East Queensland
uses a multi-indicator approach (Smith & Storey, 2001). Values for each of the
five indicators used in the EHMP are presented as a pentagon, with each facet
of the pentagon relating to one of the five indicators. Where indicators are
comprised of a number of indices then the minimum value is reported within the

indicator. The facets of the pentagon are coloured from red to green to depict
impacted to healthy sites.

An Approach for the LEB Rivers

Given the high spatial and temporal variabiiity in natural condition at the site
scale in the Lake Eyre Basin it would be meaningless to aggregate the data
into a single Indicator Score. Particularly given the trajectory approach (see
ahove) for interpreting indicator valugs in line with changing natural condition.
At any one site different indicators will be on different trajectories of change; for
example many of the riparian vegetation indicators will not change in line with
short term flow changes, whereas water guality and biodiversity indicators will.

We therefore recommend keeping the values for each of the recommended
indicator Themes separate, as used in the EHMP. For each indicator theme
the trajectory adjusted minimum value should be used to report the condition of
that indicator.

Example of four theme reporting graphic that
could be used for site and reach health
assessment in the Lake Eyre Basin.
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412. Choosing Indicators for Assessment hoth the Lake Eyre Basin community, relevant management authorities and
research agencies. We have aligned the suggested indicators with both the
community identified values and threats to the Lake Eyre Basin and the

We have suggested a number of key indicators built within four major themes Conceptual Models developed as part of this project

for assessing the health of rivers, streams and wetlands of the Lake Eyre
Basin. We have outlined a methodology (spatial and temporal) for their
measurement and suggested a reporting framework. However, the final form of
the assessment program, will need to be further developed in consuitation with

Decision tool for choice of indicators in methodology

dgemment decision (ool (Settion 5)
: See 'methodalogy’ -

.- r—'..‘.-m. N ey
£ . Pemporal Seale

Decision tool that can be used to selsct and refine the indicators
to be measured in the final assessment methodology.

T Frigubncy’
Chaose appropriate indicators from Table 4. '

Eva]uate . Do mdlcators chnsen reflact lhe suggested methodology’? .
: . WiIli they achieve the deslled assessment?

: Vesy
: Fc’etum to managemant framework methado!ogy

N O? ;
Revrse fnd:cator chmce
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5. Management Framework

We have recommendad a set of proposed indicators for assessing the health of
Lake Eyre Basin rivers (Table 4.1). A subset of these are recommended as
“able to be implemented immediately”, based on the availability of existing data
and the development of methods for measurement - see assessment approach
given for each watercourse classification (HW, RC & WH and TW) and Tahle
4.1.

Beyend this recommended indicators a process is outlined below, that provides
a decision support mechanism for progressing with the assessment of health in
the Lake Eyre Basin Rivers.

5.1. Framework for the Assessment

The assessment needs to have a management framewark. One of the key next
steps in the process is to establish a mechanism by which the Lake Eyer Basin
assessment can be coordinated and implemented. This could be done through
a management group comprising the relevant State agencies (Queensland,
Scuth Austrafia, Northern Territory as well as the Federal Government) that will
allow cross-state planning and coordination or by sub-contracting the task to a
single research organization or group,

In its initial stages the assessment needs fo be driven from a central location,
after successful implementation it may be possible to distribute assessment to
regional groups, but this will only be successful after the basic process has heen
established and tested.

Cooner Creek Waterhole,

Photo b‘y“Sieve Hamilton
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| suggested

52. Decision tool {opposite) methadology sap L Tom

We have identified three distinct overarching areas within the management Fat o T
framework, these are; " Prioritise - / . Interest. -
Administration structure & feedback \ S e ST R L
Scientific feedback and development structure - issues & values:
Data Management elements L

A description of these sections of the framework follows.

 Methodology

* Available resources

Yes ‘No -

B - Adaptive
i . Evaluate ’
e . E management

; . data
i Implement : strategies

+ Revise

program
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5.3. Administrative Structure (opposite)

The administration of the assessment will be clearly linked to the approach
adopted (regional, catchment or basin-wide) and identify those responsible for
implementation, evaluation and reporting. This structure will report river health
to managers and the wider community. Provide guidance to regional
committees about river health assessment monitoring based on setting targets
that reflect community values and recognise identified management issues and
infarm policy development.

We have identified that thers needs o be a ceniral *Agency” or "group” for
undertaking the overall coordination of the assessment, this central Agency
could be an independent Commission such as the Murray-Darling Basin
Commission, an office within Environment Australia, or a sub-contracted
research or consultancy group. The Agency would delegate the task of the
actual assessment to a designated Program or Authority. This Authority could
operate at the Basin-wide level in a manner such as the Murray-Darling Basin
Commission, could be a conglomerate of State Government Departments
(building on existing structures) or regional bodies such as Desert Channels
Queensland and the Arid Areas Water Resource Board.

Monitor " . _Report

- condition -’ - Condition.

~(ongoing) . - (10 years)

'Management Actions’

—— Assessment Program - i
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5.4,

Scientific feedback and development structure (diagram

opposite)

The Lake Eyre Basin Rivers Assessment involves collecting data for the chosan
indicators, The variable nature of the rivers of the Lake Eyre Basin means that
for each iteration of the rivers assessment both new data and existing data will
need to be used. Long-term trend analysis of the existing data may feed back
into the Administrative Structure. Scientific tasks have been identified for the
implementation of the suggested methodology including:

Validation of data that will provide baseline information for a pilot
program that assesses the proposed indicators (see also Database
section),

Undertaking power analyses to validate the usefulness of indicators for
detecting impact.

Final identification of location networks and regions for trend and
assessment monitoring of waterbodies and wetlands.

Trial of indicators {spatial variability onty)

Development of temporal and events based monitoring and sampling
program at location and regional scales.

Parallel research to address knowledge gaps in riverine ecosystem
function within the wider landscape and within unique waterbodies.

103

... Assessment Program’

 DATAMANAGEMENT

 Scientific Evaluation & Validation

GIs
Interpretation

 Address

. Knowledge

' Program

- Revision
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5.5.  Data Management elements (opposite)

It is suggested that data management elements will targely be under the
Jurisdiction of the program authority that undertakes the assessment of condition
including data interpretation, trend analysis and reporting. There are numerous
models suitable for the suggested methods and the following elements are a
sub-set of those included in standard operational frameworks and database
management systems

* Data policy

« Data ownership

* Data documentation and metadata compilation

« Data quality, standardization, harmonization and audit

o Data lifecycle contro!

» Data custodianship

5.5.1. Database structure and use

A database management system, or DBMS, will need to be established for the
assessment. A DBMS gives users access to data and helps them transform the
data into information. Examples of datahase management systems include
Microsoft Access, dBase, Paradox, IMS, and Oracle. These systems allow
users to create, update, and extract information from a databases. Compared to
a manual filing system, the biggest advantages to a computerized database
system are speed, accuracy, and accessibility.

A database is a structured collgction of data. Data refers to the characteristics of
people, things, and events. A database stores each data item in its own field.
The name of a fisld usually reflects its contents. Each DBMS has its own rules
for naming the data fields. Each record is made up of a number of fields. No two
fields in a record can have the same field name.

Data

Management:
ST T Data
“Reportipg i 1 7 Coliection
> E & Archiving! .
---Access
' GIs
database
Custodian L :
o ; + Analysis - |
.-'sh_lp' , bt
Interpretation
i “Quality

Summarising | Assuranas |
\SEUTANCe
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5.5.2, Relational Databases

Sometimes all the information of interest can be stored in one table. However,
more often databases comprise different tables (eq. Water quality data,
preduction data, macroinvertebrate data, physical habitat data) and the data in
these multiple tables needs to be linked. This is a key feature of a relational
database management system, or RDBMS. Thay store data in two or more
tahles and enable you to define relationships between the tables. The lirfk
between the tables is based on one or more field values common to Loth: tables.

We recommend the establishment of a relational database for the LEB
assessment. Such as relational database could be constructed in Oracle® or
Microsoft® ACCESS. ACCESS is the database used for much of the MRH data
across Australia, with Oracle used by the New South Wales and South
Australian programs.  Both database systems have advantages and
disadvantages and the final choice of software should be made after finalizing
the managing Agency or Authority for the assessment.

To ensure completeness of all field data in the database, all samples and
information collected at a field site should be entered into a field master form
within the database. Each site should have a unigue sitecade and this should
form the relational basis of all the tables in the database. As in the NSW MRHI
(Waddell, 2000} electronic data entry forms should be generated to mimic the
layout of the field and laboratory datasheets to minimize potential errors. Other
aspects of the NSW MRHI database that would be minimize database errors
include:
o Built-in range checks to highlight unusual or incorrect values for
given variables
o Double-checking of entered data (electronic comparison with
field sheets) by different operator
o Random checking of field measurements each collection
period.

55.3. Metadata template

Once the relational database has been established a Metadata file or document
will nesd to he generated. Metadata is Data about data, A dataset description
that expiains a spatial dataset (i.e. a metadata record). Dataset metadata can
be searched through a common web interface known as the Australian Spatial
Data Directory (ASDD). Mere information can be found at;

hitp:/www. anzlic.org.au/infrastructure_metadata. html

Example Mefadata Template for the Austratian River Assessment System (AusRivAS).
(Gray, 2004}
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5.6. Quality Control Issues

ES

Quality Control (QC) and Quality Assurance {QA) procedures will need to be
built into the LEB Assessment. All of the State based National River Health
Programs have QC/QA procedures (see Waddell, 2000) and all State
government departmenis have Water Monitoring Data Collection Standards
(see  httpdfwww.nrm.qld.qov.au/water/monitoring/pdfiwm data col stds.ndf).
The form of the QA/QC for the LEB Assessment will depending on the final
structure of the assessment team. If the assessment is undertaken by an
independent  body (consultancy firm or research organization) then
comprehensive QA/QC procedures will need to be established for all aspects of
the assessment. If the assessment is undertaken via a collaboration of existing
State government authorities existing QA/QC procedures within each respective
State department could be used as a starting point for a generic QA/QC for the
LEB assessment.

QAJQC procedures will need to be established for (after Waddell, 2000}:
« Field Measurements
« Data handling and storage
«  Sample identification
« Laboratory Analysis
+ Data Screening

o
Phaote by Fran Sheldon
Lake Maroopootanie, Coongie Lakes system, Cooper Creek
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6. Recommendations

Recommendation 1.  That a detailed Administrative Structure be established
for undertaking any assessment of the Lake Eyre Basin rivers. This structure
would need to be established by the Lake Eyre Basin Ministerial Council and be
mindful of the funding arrangement for the Assessment.

Recommendation 2: That Pilot Studies, using either existing data or data
collected on Pilot reaches, be impiemented immediately to further explore the
feasibility and power of each suggested indicator for assessing the health of the
Lake Eyre Basin rivers and detected possible human impact.

Recommendation 3: That a project be implemented to further explore the use
of the trajectory approach for assessing health using the suggested indicators.
This praject could be implemented using existing datassts.

Recommendation 4. That the Lake Eyre Basin management agencies
combine with the Murray-Darling Basin Commission to furd joint research and
development of the use of remotely sensed data for measuring a number of the
indicators suggested. Techniques are available but they need testing and
validating before implantation in assessment. As both the MDB and the LEB
have similarities {mostly semi-arid to arid catchments, rivers of high flow
variability) a joint project would benefit both the Sustainable Rivers Audit and
the Lake Eyre Basin Assessment Program

W90
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