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ABSTRACTS

ORAL PRESENTATIONS

Climate Change 2016: The Challenge for Limnology

Will Steffen!

1. Australian National University, Acton, ACT, Australia

The talk begins with a general overview of observed changes to the climate system over the past century or so, and the evidence that these changes are primarily due
to the human emission of greenhouse gases. We then focus on the changes to the global water cycle that are associated with climate change, including changes in
atmospheric water vapour content, in precipitation patterns and in evapotranspiration. The focus then shifts to Australia, where we explore the observed changes to
the hydrological cycle in Australia, examining the evidence for the influence of climate change on many of the observed changes. We then turn to the future and outline
the range of projections for alternations to Australia’s water cycle through the rest of this century, depending on the amount of additional greenhouse gases that are
emitted into the atmosphere. The emphasis then turns more directly to the relationship between human societies and the water cycle; that is, the distribution of our
population, agriculture, industries etc. is, in large part, determined by the nature of the water cycle. As the water cycle changes, this is already putting generic pressures
on human societies, as clearly evident in several parts of the world. Finally, we conclude with a brief examination of climate change in a broader, long-term Earth
System perspective.

Evolution of environmental flows in a changing world

N. LeRoy Poff*?

1. Department of Biology, Colorado State University, Fort Collins, CO, USA

2. Institute of Applied Ecology, University of Canberra, Canberra, ACT, Australia

Climate change and other forms of hydrologic non-stationarity are creating new challenges for the science and effective practice of environmental flows. Foundational
assumptions underlying standard e-flows approaches are based in the notion of a reference state, both hydrologically and ecologically. Shifting statistical baselines in
hydro-ecosystems due to increasing water demand and climate change require a re-thinking of the methods and measures of success in e-flows. The prevailing
paradigm of a restoration focus based on statistical averages of long-term hydrologic records and presumed equilibrial ecosystem states is giving way to a forward-
looking adaptation approach, where hydrosystems are viewed as event-driven and ecologically dynamic. New concepts about managing for resilience or against failure
are emerging to grapple with climatic non-stationarity. Emerging imperatives for e-flows are broadening of targets (to include states, rates and traits), embracing
uncertainty in endpoints, and adopting a more process-based (as opposed to statistical) approach that utilizes monitoring to gauge success in terms of system
trajectories in an adaptive fashion. Given the limited water typically available for e-flows, prioritization of e-flows interventions is increasingly needed and careful
targeting of e-flows is necessary to support economically efficient yet ecologically effective management. Beyond these concerns, the traditional e-flows focus on at-
a-site restoration needs to be expanded to a broader whole-basin water management perspective to address the scales of human alteration of river systems relevant
to long-term freshwater conservation.

Managing freshwater values in a year of climate extremes

Carolyn Maxwell*

1. Hydro Tasmania, HOBART, TAS, Australia

Hydro Tasmania manages water from 35% of Tasmania’s catchments across a range of multiple uses. In the past 10 years, two extreme weather events have resulted
in very low water levels in our system. Extreme weather events have brought both record-breaking low and high rainfall events within the past twelve months. The
challenges presented were most acute in yingina/Great Lake, which is home to two Federally-listed and nine State-listed threatened species. How did the low lake
level events in yingina/Great Lake between 2007 and 2015 differ? What are the ecological questions that arose for water management? How did science and
uncertainty interact and inform decision making? What challenges do climate change and climate variability pose for the future management of ecosystem values in
this lake?

Results from qualitative, statistical and quantitative dynamical ecological modelling, research into the life history traits of resident species and data on population
structure were used to inform assessments of ecological disturbance. Downscaled climate change modelling and dendrochronology research inform the context within
which we will manage future challenges to this ecosystem.

Macroinvertebrate assemblage changes along a gradient of water temperature in a thermal-spring fed stream as an analogue for
the impacts of climate change

Peter Negus'?, Jonathan Marshall?, Alisha Steward? Glenn McGregor?

1. School of Geography, Planning and Environmental Management, The University of Queensland, Brisbane, Queensland, Australia

2. Department of Science, Information Technology and Innovation, Dutton Park, QLD, Australia

Thermal artesian springs are characterised as having a minimum discharge water temperature of 36.7°C. However, the often high temperatures measured at the ‘vent’
decrease by convection as water flows outward. This natural gradient of water temperature from a thermal spring vent as it flows out into a spring-fed stream provides
a unique opportunity to investigate the influence that temperature can have on aquatic biota. In such rare situations most other drivers of ecosystem patterns and
processes (e.g. flow regime, riparian cover, substrate composition etc.) remain constant while temperature alone varies. Therefore, this represents a natural analogue
for the effects of temperature increase from global warming and permits predictions to be made of the effects of this on stream ecosystems.

This study investigated the relationship between the aquatic macroinvertebrate communities and a gradient of water temperature associated with outflows from
Talaroo spring complex in North Queensland. Over 170 m of stream length the water temperatures ranged from 47.9°C near the vents to 26.0°C downstream closer to
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the confluence with the Einsleigh River. Sixteen macroinvertebrate samples were collected along the stream length. A total of 41 different taxa of macroinvertebrates
were recorded. Taxa richness ranged between 1 and 21 at sampling locations along the gradient, with a generally progressive loss of taxa as temperature increased.
The normal tolerable temperature limits for multicellular organisms is approximately 45°C so it was surprising to collect specimens of ostracods, hemipterans and
dragonflies at locations with higher water temperatures. Analyses of macroinvertebrate assemblage data showed a significant relationship with water temperature.
The changes and general loss of taxa with increasing temperature are likely to be associated with their thermal tolerance limits

The results suggest increases in water temperature from climate change may cause a measurable reduction in taxonomic richness.

Predicting climate change effects on dormant aquatic invertebrates in intermittent rivers

Sylvia Hay?, Richard Kingsford?, Kim Jenkins?

1. University of New South Wales, Sydney, NSW, Australia
2. Institute for Land, Water and Society, Charles Sturt University, Albury, NSW, Australia

Understanding ecological consequences of climate change is critically important but difficult, because changes include environmental warming as well as alterations
to hydrology and biogeochemistry and interactions with other stressors. In river systems dormant aquatic invertebrates remain viable in riverbed sediment during dry
phases, forming a source for recolonisation during wet periods. The likely impacts of climate change on the viability of this recolonisation source remains poorly known,
due to the complexity of effects. We used a microcosm experiment with a simple warming treatment to look at the interactive effects of warmer and drier conditions
on river invertebrate diversity in isolation. Extended drying and increased temperatures had a negative effect on diversity and shifted assemblage composition,
particularly for temperate rivers, despite rivers in semi-arid regions sampled having similar hydroperiods. There was no interactive effect of warming and extended
drying on invertebrates, despite a negative effect on sediment moisture. Semi-arid rivers had higher potential for dry riverbeds to act as a source for recolonisation
under climate change, given high resistance of invertebrate assemblages in sediment with low moisture levels and elevated temperatures. Regardless of the complexity
of real world interactions and difficulties scaling microcosm experiments, regional differences in response to climate stressors allows prediction of differing limits to
adaptation.

Freshwater invertebrate life history traits for surviving desiccation

Scott R Strachan?, Ed T Chester?, Belinda J Robson*

1. Murdoch University, Murdoch, WA, Australia

In many regions, climate change is prolonging dry periods in rivers and wetlands, exposing freshwater invertebrates to increased periods of desiccation. Invertebrates
show a range of strategies for surviving desiccation, but the effects of the degree of exposure to desiccation on the expression of particular traits is unknown. We
synthesized existing information on the desiccation-responses of freshwater invertebrates to examine the flexibility of these survival strategies and the relationship
between strategies and the degree of desiccation to which individuals are exposed. We focused on desiccation at the small spatial scales experienced by individuals
and clarified the terminology used to describe resting stages present during dry periods. We present a key to terminology used for different forms of dormancy to
support the use of appropriate terms. All invertebrate taxa showed a range of strategies for surviving desiccation. Sometimes, different traits were expressed among
different populations of a species however it is unclear how many species show multiple desiccation-response strategies. Many crustacean taxa showed physiological
dormancy responses to desiccation that enabled survival for long periods (years). Insects often rely on emigration from drying waterbodies as flying adults, or on larvae
occupying damp refuges on the benthos. Altered water regimes may alter the phenology of desiccation responses,. However, there is limited empirical evidence
demonstrating the flexibility of, or limitations to, expression of these survival strategies and their potential fitness costs, limiting our ability to predict the effects of
prolonged drying on invertebrate biodiversity.

Temporal shifts in littoral fish assemblages from shallow lakes following prolonged drought

Bryce Halliday?, Jan Barton?, Scotte Wedderburn?, Rebecca Lester*

1. School of Life and Environmental Sciences, Deakin University, Warrnambool, VIC, Australia

2. Department of Ecology and Environmental Science, The University of Adelaide, Adelaide, SA, Australia

Global climate shifts are likely to increase the frequency and severity of drought events in semi-arid and arid regions. These extreme hydrological events act to
significantly shift the functional groups present in a given ecosystem. Abundances of many aquatic fauna have significantly declined, some near the point of extinction,
as a result of extended drought. For fish, it is assumed that drought favours tolerant generalist species over more specialist species but questions remain as to the
mechanisms of persistence and timescales over which these changes occur. Despite flooding that broke the Millennium Drought in 2010/11 in the Lower Lakes, South
Australia, the once-abundant and diverse assemblage of native small-bodied fish had not recovered in recent years. We compared the post-drought littoral fish
assemblages in the two lakes, which differ in hydrology and habitat availability. Catch per unit effort from fyke nets showed that common small-bodied fish were more
abundant in Lake Albert than Lake Alexandrina. For all years sampled, Lake Albert showed a higher catch per breeding season than Lake Alexandrina. The total small-
bodied fish catch per site for both lakes showed a negative trend through time although the ratio of alien to native fish also decreased through time. This trend in ratio
was reversed in recent sampling, largely driven by an increase in the number of juvenile and small redfin perch (Perca fluviatilis). There were differences in the species
present, their abundances and the functional groups between lakes. This study documents an ongoing decline in native small-bodied fish assemblages despite the end
of drought conditions and indicates that management for alien fish species may be required before recovery of that assemblage is likely.

Facilitating on-the-ground climate change adaptation for aquatic ecosystems: what role scientists?

Jane Chambers!
1. Environmental and Conservation Sciences, Murdoch University, MURDOCH, WA, Australia

At ASL over the years we have been lambasted at intervals about how scientists do not communicate our science well to the people that make it happen — politicians
and managers. As a scientist that has recently focussed attention on attempting to facilitate climate change adaptation of our aquatic ecosystems, | have been engaged
in a variety of modes of communication with different audiences including large forums, workshops, talks, development and delivery of tools and risk assessment
frameworks, web modules and interpretative guides. In my experience, there is a disconnect in the topics, spatial and temporal scales of information that
managers/community want and what (and what can) scientists do. As climate change is happening so fast, our ability as a society to adapt to a new regime is lagging
and the capacity to research, synthesise and uptake new information is not well resourced, especially as regards the inland aquatic environment. The issue is not
necessarily communication per se but the need for a frank discussion and resourcing to define workable adaption pathways at appropriate scales. Some key elements
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are the adoption of a paradigm shift in natural resources policy and management, understanding the role of science in risk assessment, the impacts of multiple stressors
and climate adaptation strategies from other sectors, an understanding of appropriate scale both for understanding and managing the issue, and the lack of a
coordinated approach and appropriate foci for climate change adaptation. We all want to save our aquatic biodiversity and ecosystems. In this talk | suggest what are
our strengths and weaknesses as scientists, and how we can use this knowledge to best effect, both individually and as a society.

Evaluating Basin-scale significance of area scale outcomes of environmental flows
Ben Gawne?, Samantha Capon?, Rick Stoffels?, Michael Stewardson®, Mike Grace* 3, Jenni Hale, Shane Brooks, Penny Everingham?, Enzo Guarino®, Cherie

Campbell”

1. University of Canberra, WODONGA, VIC, Australia

2. Griffith University, Brisbane, Quuensland, Australia

3. MDFRC, Wodonga, Vic, Australia

4. University of Melbourne, Parkville, Victoria, Australia

5. Monash University, Clayton, Victoria, Australia

6. University of Canberra, Canberra, ACT

7. MDFRC, Mildura, Vic, Australia

The Commonwealth Environmental Water Office (CEWO) Long Term Intervention Monitoring (LTIM) project seeks to evaluate the outcomes of the management of
Commonwealth environmental water and its contribution to Basin Plan objectives. The evaluation process is one step in the adaptive management of Commonwealth
environmental water designed to support both the CEWO reporting and adaptive management obligations. This LTIM program represents a collaboration between 6
Government Departments, researchers from 6 Universities, consultants and natural resource management agencies. Commonwealth environmental water is allocated
to specific high value assets to achieve specified outcomes. A core component of the evaluation is to determine the significance of these short-term areas scale
outcomes in terms of progress toward achieving Basin scale objectives and targets. This presentation will describe the framework that has been developed to support
this component of the evaluation and the outcomes of the first year of the evaluation of monitoring undertaken in 2014-15. A key consideration within the evaluation
is that area scale outcomes are only expected to become apparent over the medium to long term as environmental flows initiate changes that take time to manifest
at the larger scale. An example of this would be fish breeding where subsequent recruitment and dispersal would be expected to take time. The framework described
provides a basis for considering the significance of changes in condition at the Basin scale, however, further work will be required to inform judgements for the different
indicators included in the LTIM project

=
‘

Hydrological Outcomes of Commonwealth Environmental Watering actions across the Murray-Darling Basin

Michael J Stewardson?, Enzo Guarino?

1. The University of Melbourne, Parkville, VIC, Australia

2. Institute of Applied Ecology, The University of Canberra, Canberra, ACT, Australia

Environmental flows are delivered by one or more discrete flow interventions (or watering actions) taking the form of releases from storages, restrictions on diversions,
or diversion of water into alternate flow paths and off-stream habitats. Generally, hydrological and ecohydraulic responses are the first link in the causal chain leading
to an ecological outcome. Like all ecological intervention monitoring, evaluating hydrological outcomes must address the methodological challenges of detection and
attribution. Whilst these challenges may seem trivial for individual discrete watering actions such as pumping water into a wetland, there are serious challenges when
hydrological targets are distant from the point of intervention and multiple actions are considered across a large river basin. This presentation discusses these challenges
in the context of the Long Term Intervention Monitoring Program for the Commonwealth Environmental Water Office in the 2014-15 water year. We present the
methods and outcomes of the commonwealth program including contributions to baseflows, flow freshes and wetland filling across the basin.

[y
[y

Vegetation outcomes of Commonwealth Environmental Watering actions across the Murray-Darling Basin: consideration of scale
and level of organisation

Cherie J Campbell?, Samantha Capon?

1. Murray-Darling Freshwater Research Centre, MILDURA, VIC, Australia

2. Australian Rivers Institute, Griffith University, Nathan, QLD, Australia

Vegetation responses to flow regimes are influenced by both the temporal and spatial scale at which responses are assessed as well as the level of ecological
organisation. The distribution and abundance of plant species is influenced by hydrological conditions in the short-term (such as duration, depth and rates of change)
as well as longer-term hydrological conditions such as flood frequency and time-since-inundation. Equally, the distribution and abundance of plant species in space
and time, in turn, determine the composition and structure of vegetation communities and assemblages of communities, referred to here as ‘vegscapes’.

The Long Term Intervention Monitoring (LTIM) Program aims to assess responses across a range of scales. The Vegetation Diversity component of the Basin evaluation
uses data collected by Monitoring and Evaluation Providers at Selected Areas, in combination with data and analyses made available by other Basin Matter components,
particularly Hydrology and Ecosystem Diversity. The aim is to evaluate the effects of Commonwealth environmental water on the diversity of plants and vegetation
communities with respect to: plant species-level, vegetation community-level and vegscape-level responses.

Using the first year of data this presentation discusses the challenges and opportunities in assessing vegetation responses at a Basin-scale, including spatial variability
in diversity responses, complexity in the range of watering regimes / events, heterogeneity responses at landscape scales and the ability to predict responses in
unmonitored areas.

The LTIM Program is funded by the Commonwealth Environmental Water Office.

[
‘

LTIM - If it ain’t wet, it doesn’t help - Findings from Year 1 Stream Metabolism Measurements

Mike Grace*

1. Monash University, Clayton, Vic, Australia

This talk will present some of the major findings from the first year (2014-15) of stream metabolism measurements in five of the selected areas (catchments) in the
Murray-Darling Basin. This work was performed as part of the Long Term Intervention Monitoring program funded through the Commonwealth Environmental Water
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Office. With a few exceptions, 2014-15 was characterized by relatively low flows. This resulted in no broad, discernible relationships between flow and rates of gross
primary production (GPP) or ecosystem respiration (ER). It is hypothesized that this lack of a significant relationship is primarily due to the additional water remaining
within the confines of the main river channels rather than reconnecting backwaters and perhaps the floodplain. In this context, the relationships between flow,
nutrients and light will also be briefly described. While there were some regional and seasonal differences, rates of GPP and ER were at the lower end of the 'normal
range' when compared to international data. But perhaps this is simply standard behaviour for streams in the MDB.

13

Effects of the Chrysosporum ovalisporum bloom on water quality in the Edward-Wakool system- comparison with Long Term
Intervention Monitoring data.

Julia Howitt?, Robyn Watts?, Nicole McCasker?, Mike Grace?

1. Institute for Land Water and Society, Charles Sturt University, WAGGA WAGGA, NSW, Australia
2. Institute for Land Water and Society, Charles Sturt University, Albury, NSW, Australia
3. Water Studies Centre, Monash University, Clayton, VIC, Australia

The Edward-Wakool river system is a major anabranch of the Murray River and has been intensively studied since 2010, including as a study site for the Long-Term
Intervention Monitoring program. This site was impacted by a major bloom of the cyanobacteria Chrysosporum ovalisporum during February-June 2016. Water quality
parameters including dissolved oxygen, temperature, pH, nutrients, dissolved organic carbon, carbon spectroscopic properties, chlorophyll-a and algal biovolumes
were measured weekly and compared to baseline data from previous seasons. Water quality was strongly impacted by the bloom, including increases in total nitrogen
and total phosphorus following the onset of the bloom and intermittent rises in NOx and ammonia. Changes in dissolved organic carbon were not well correlated to
the absorbance or fluorescence of the water samples and are not reliable predictors of bloom collapse.

1
Evaluating the population-dynamic consequences of fishes to flow within LTIM

‘

Rick Stoffels*
1. CSIRO, Wodonga, VIC, Australia

An objective of the Commonwealth Environmental Water Office’s Long-Term Intervention Monitoring Project is to develop models that link fish population dynamics
to flow events and regimes. In this talk | will explain why this objective was deemed necessary, highlight the risks, and explain how we’re managing those risks. Within
LTIM the models will be used to project long-term population response to multi-year flow scenarios; project population response in areas where flows are delivered,
but where fish data are not being collected; lift evaluation of flow response beyond that of the individual process (e.g. spawning); characterise uncertainty; and facilitate
intervention analysis. While the approach we’re taking follows best practice in adaptive management, it is untested within the Murray-Darling Basin and so may
therefore be considered risky by stakeholders. LTIM has managed this risk by investing in a diverse fish monitoring portfolio and undertaking precision analysis to
determine methods are fit for purpose. | will present some results of those precision analyses demonstrating how the LTIM methods have greatly improved our ability
to estimate population structure.

15
Knowledge of past climatic and hydrological events for a better management of water resources

Patrick De Deckker?

1. Australian National University, Canberra, ACT, Australia

Climate is ever changing and we must acknowledge this fact. Hence, we need to better understand the range of climate variability as well extremes, and in order to
better comprehend changes, we can look at the past. The Holocene, which spans the last 12,000 years, is a good reference point as this period witnessed significant
and broad changes, going from very wet years to prolonged drought all occurring when humans were present in Australia. The arrival of Europeans also dramatically
changes the environments and we must identify these changes so as to better understand how aquatic systems, including groundwater, responded to such
modifications.

We have now been able to unravel the differences between human-related changes from natural ones on aquatic systems, and have been able to document the timing
and rates of changes during the Holocene. These findings enable us to comprehend the scale of possible changes and these can be of great value to environmental
managers. Nevertheless, there are new 'unknowns' which we are already facing, and these are related to significant landscape alterations, the increase of atmospheric
C0O2 which can modify water chemistry and introduction of exotic biota and chemicals in our aquatic systems.

| will document our current knowledge of selected lake records using geochemical signatures of biogenic carbonates (principally ostracods) that show the scope of past
changes in eastern Australia. | will also use the geochemical records of riverine clays obtained from a core taken offshore the Murray mouth to document past river
regimes in the Murray Darling Basin spanning also the Holocene. Finally, | will remind the audience that SE Australia has entered into a progressively arid phase that
commenced some 6,000 years, with serious implications for aquatic systems and their biota.

16
A 7500 Year Rainfall Reconstruction for Drought-Prone South-East Queensland Indicates we haven't seen the worst of it

Jon Marshall*, Cameron Barr?, Julian Greer?, John Tibby?, Francesca Mclnerney?, Melanie Leng?, Andrew Henderson*, Glenn McGregor*

1. Queensland Department of Science, Information Technology and Innovation, Brisbane, QLD, Australia

2. Geography, Environment and Population, University of Adelaide, Adelaide, SA, Australia

3. NERC Isotope Geosciences Facilities, British Geological Survey, Keyworth Nottingham, Nots, United Kingdom

4. School of Geography, Politics & Sociology, Newcastle University, Newcastle upon Tyne, T& W, United Kingdom

South-east Queensland is a major population centre and experiences severe droughts. During the 'Millennium Drought' (2001-2009), rainfall deficit reached 1500 mm
and water storages fell to ¢.20% capacity. Stochastic modelling suggested that while worse droughts could occur, likelihood is less than 1:10000 years.

To evaluate this expectation, we reconstructed regional rainfall over the past 7500 years. We used the carbon isotope composition of the leaves of the tree Melaleuca
quinquenervia, collected monthly over eleven years, to accurately model rainfall from leaf isotope composition, and applied this to a long sequence of these leaves
found preserved in lake sediments. Results accurately represented decadal-scale rainfall patterns when reconstructed and measured rainfall overlapped.
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The Millennium Drought was the driest decade in 1500 years, although earlier, but less severe, dry periods lasted centuries. Thus, extended periods of rainfall deficit
have occurred more frequently than 1:10000 years. Moreover, the ¢.120 year instrumental rainfall record is atypical of the past 1500 years. This information has great
potential to inform water policy and climate change predictions in south-east Queensland.

[
‘

Salinity - An intermittent feature of the Holocene landscape inferred from lake/wetland sediments in South-west Western
Australia

Annabel Morris!

1. Federation University Australia Mt. Helen, 3353, Vic., AUSTRALIA, Hove, SOUTH AUSTRALIA, Australia

A mosaic of vegetation types and numerous lakes/wetlands, which vary from freshwater to saline, exist within the highly biodiverse region of South-west Western
Australia (SWWA). In many parts of this region dryland and stream salinity is a major concern to farmers, land management and conservation agencies. Numerous
studies have investigated the causes, mechanisms, nature and extent of contemporary dryland and stream salinity in the region, as well as remedies to alleviate it.
However, there is currently no palaeo (pre-historical) record of salinization for the SWWA.

This research investigated early to late Holocene (i.e. pre-historical) salinity, vegetation and fire history of a study area (40km NW of Mt Barker, SWWA) to gain insight
to the complex processes that have driven palaeoenvironmental variation in the region. Stratigraphic sequences of lake/wetland sedimentary cores from the study
area indicate environmental variation in the landscape through time but shed no light on the nature or drivers of this observed variation. Multi-proxy indicators, in
particular, fossil diatoms, geochemical markers, fossil pollen and fossil charcoal extracted from the lake/wetland sediments have been used to generate stand-alone
palaeoenvironmental records. These records provide information about past variation of the lake/wetland salinity and geochemistry, the vegetation and the fire
regimes enabling an inferred palaeoenvironmental reconstruction for the landscape of study area, using analogies to present day conditions and processes.

It is anticipated that these prehistorical records will provide a useful baseline for land management and conservation agencies that will furnish insights into the nature
and degree of palaeo salinization of the lakes/wetlands and landscape of the study area. Such insights are useful when determining present day targets for the
rehabilitation of areas affected by dryland and stream salinity in SWWA as salinization has been an intermittent feature of many of the lakes/wetlands and landscape
of SWWA.

[
‘

Size, shape, spatial position and sensitivity. Do billabong morphology and position in the landscape control resilience to the
effects of land use and hydrological change?

Michael Reid*
1. University of New England, ARMIDALE, NSW, Australia

Billabongs are diverse and productive elements of riverine landscapes, and likely play an important functional role as refugia in these highly variable environments.
There is strong historical evidence that billabongs have been negatively affected by a range of human activities, including catchment disturbance and river regulation.
Improved catchment management and the delivery of environmental water have the potential to mitigate the negative effects of land use and hydrological changes,
however, the effectiveness of these measures will require a good understanding of what the critical stressors are and of how and why their influence might vary within
the diverse array of billabongs that exists across riverine landscapes. Many palaeo records from the Murray-Darling Basin show evidence of abrupt loss of submerged
plants associated with the beginning of European occupation, however, this change is not consistent and there is evidence of a geographical pattern in response types:
billabongs on the Upper Murray and smaller tributaries show persistence of submerged plant communities over this period; billabongs from the middle Murray show
almost universal loss of macrophytes; while billabongs from the Lower Murray show mixture of macrophyte loss, persistence of macrophytes and an unstable condition
where there is no evidence of submerged macrophytes persisting for long periods. It is unclear whether this pattern reflects spatial variation in stressor intensity or
underlying variation in the resilience of individual billabongs due, for example, to morphology, hydrology or location with respect to the main channel. This study
explores the relationships between the degree of change in billabong ecosystems associated with European occupation and a range of morphological and landscape
measures in an effort to determine the critical factors controlling resilience to the effects of land use and hydrological change.

=
‘

Water quality changes in Murray River wetlands — a neglected driver of condition decline?

Peter Gell*, Michael Reid?
1. Federation University Australia, BALLARAT, VIC, Australia
2. University of New England, Armidale, NSW, Australia

Much of the focus of wetland restoration in the Murray floodplain has been underpinned by the focus on river flows as the cause of system degradation. A longer term
view of ecosystem condition inferred from sediment cores identifies the flux of sediments, salts and nutrients as significant supplementary drivers of wetland change.
There is clear evidence for increasing sedimentation rates and salinization from early after European settlement. The regulation of the river increased the extent of
change with the fossil diatom assemblages in all of the 50+ sites examined reflecting a degraded state relative to the ‘natural’ baseline. Sedimentation rates often
exceed 1 cm/yr and this high flux in fine sediments has increased the turbidity of the most sites. There is evidence for the widespread replacement of submerged
macrophytes with phytoplankton consistent with stable state change models. A spatial analysis of paleolimnological records has enabled the identification of a wetland
typology of vulnerability to this shift with middle reach wetlands most at risk. Investment in the mitigation of water quality decline would supplement the benefits that
may accrue from the provision of environmental water.

Gell, P. & Reid, M. (2016). Muddied Waters: the case for mitigating sediment and nutrient flux to optimise restoration response. Frontiers in Ecology and Evolution, doi:
3389/fevo.2016.00016

Gell, P. & Reid, M. (2014) Assessing change in floodplain wetland condition in the Murray Darling Basin. The Anthropocene, 8: 39-45.
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Extending memory - providing long-term environmental change from palaeo-records of estauries to inform more appropriate
management.

Jessica Reeves?, Peter Gell}, Adam Trewarn?, Adrian Bonica!

1. Federation University Australia, Ballarat, VIC, Australia

Throughout southeastern Australia, management authorities are often challenged by public memory regarding what the ‘natural’ or ideal state of coastal wetland
environments are. This is particularly exacerbated when local residents recall the record high rainfall years of the mid 1950s-60s and consider this to be the optimal
state. Another obstacle may be the listing of a wetland under the Ramsar Convention, aimed at preserving the ecological character of significant wetlands. However,
the condition at the time of listing may be far from pristine and thus the management guidelines recommend conserving a degraded or modified state.

Although meteorological records have been collected from weather stations for up to the last 150 years, condition reporting on Australian estuaries has only been
considered in the last 30-40 years, at best. In addition, all estuaries considered here have been heavily impacted by changes in land use practices and hydrological
modification since European colonisation in the mid-19t century.

Here we apply a combination of palaeocological methods to determine primarily the salinity, but also turbidity, nutrient flux and trophic state changes within a suite
of estuaries along the southeast Australian coast. We use both ostracod assemblage changes and shell chemistry (620, 6*3C), diatom assemblages, and sediment
geochemistry (iTRAX — XRF, 813C, 8*°N, C/N). These combined methods act to determine the state of the estuaries, including their natural variability, prior to extensive
catchment modification. The sediment records also preserve the rate and trajectory of change of each of these wetlands, both in terms of management practices and
climatic variability.

In each of these cases, our results have been taken into consideration to modify modern wetland management. Although it may not be possible — or desirable — to
return to pre-impact conditions, the use of combined palaeoecological methods allows informed decisions about estuarine management to be made.

‘
=

Understanding the effects of direct and indirect pathways of climate change on Tasmanian Cladocera

Kristen K Beck?, Michael-Shawn Fletcher?, Giri Kattel*, Linda Barry?, Patricia Gadd?, Henk Heijins?, Geraldine Jacobsen?, Krystyna M Saunders?

1. University of Melbourne, Melbourne, Victoria, Australia

2. Australian Nuclear Science and Technology Organisation (ANSTO), Lucas Heights, New South Wales, Australia

The drivers of long-term (supra-centennial) dynamics in Southern Hemisphere aquatic ecosystem dynamics are poorly understood, particularly in relation to the
influence of climatic change. Direct influences of climate on aquatic systems include temperature change and lake level fluctuations, but what of the response of
aquatic systems to changes in the surrounding terrestrial environment? Long term drivers of landscape dynamics, such as vegetation change and soil/catchment
dynamics, are often overlooked when considering long-term aquatic ecosystem dynamics, and ecosystem response to climate is typically the main focus. To fully
understand how aquatic ecosystems are affected by climate we need a better understanding of the complex processes driving their dynamics through time, including
both the direct (eg. climate) and indirect (eg. terrestrial vegetation shifts) pathways that cause change. Our aim is to better understand the pathway(s) in which climate
influences aquatic ecosystem change. We present a Holocene multi-proxy palaeolimnological record from Paddy’s Lake, northwest Tasmania, Australia, that comprises
pollen, organic and inorganic geochemistry, charcoal and cladocera as a means of understanding the relationship between terrestrial and aquatic ecosystem processes
and climate. The cladocera record is the first record of its kind in Tasmania. Our data demonstrates (1) that vegetation and fire activity surrounding Paddy’s Lake closely
track climatic variability, principally the El Nifio Southern Oscillation; and (2) that changes in aquatic ecosystem dynamics (cladocera) are driven both directly and
indirectly by climatic change during the Holocene.

How unusual is the Big Dry? Evidence from the Victorian Lakeland

Keely Mills?, Peter A Gell? Peter Kershaw?

1. British Geological Survey, Keyworth, Nottinghamshire, UK

2. Federation University Australia, BALLARAT, VIC, Australia

3. Monash University, Clayton, Victoria, Australia

Lakes respond to changing hydroclimate through changes in lake level which induces changes in water chemistry, habitat availability and so to biota. The fossilised
evidence of different lake conditions are archived in the sediments which accumulate through time. The Victorian Lakeland is among the most intensively studied
regions of the world in terms of paleoecology. Long term records from these lakes show great hydroclimatic variability, including multi-decadal droughts, in the past.
Some records show drought to have been a major factor in switching lake condition before the arrival of Europeans. However, the Big Dry appears to be a significant
event at centennial, and even millennial, timescales and most lakes are now at the margins, or outside, their long term range of variability. This is consistent with
observations of the anomalous state of the Southern Annular Mode and suggests that the Lakeland is on a trajectory towards a drier future.

Mills, K., Gell, P., Doan, P., Kershaw, A.P., McKenzie, M., Lewis, T. & Tyler, J. (under revision). Evidence for a drought-driven (pre-industrial) regime shift in an Australian
shallow lake. The Holocene.

Mills, K., Gell, P. & Kershaw, P. 2013. The Recent Victorian Drought and its Impact: Without Precedent? Rural Industries Research and Development Corporation
Publication 12/040. 77pp.

Barr, C., Tibby, J., Gell, P. Tyler, J., Zawadzki, A. & Jacobsen, G. (2014). Climatic variability in southeastern Australia over the last 1500 years inferred from the fossil
diatom records of two crater lakes. Quaternary Science Reviews, 95: 115-131.

Rehabilitating wetlands and their carbon sequestration capacity

Paul E Carnell*>?, Jan L Barton?, Rebecca E Lester?, Peter | Macreadie? !, Maddy A Brenker??!
1. School of Life and Environmental Sciences, Deakin University, Burwood, Victoria, Australia
2. School of Life and Environmental Sciences, Deakin University, Warrnambool, Victoria, Australia

The biological capture of carbon dioxide (CO:) by biosequestration is a central mechanism for reducing atmospheric CO2 concentrations. As Australia seeks to capitalise
on biosequestration opportunities, interest is growing in restoring inland wetlands, which may be important carbon sinks, for offset purposes. Wetlands have often
undergone widespread alteration via agricultural and urban development, and water extraction and degradation of wetland soils can trigger the release of ancient,
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stored carbon into the atmosphere, turning them into carbon sources. We investigated whether rehabilitating wetlands can restore carbon stocks and sequestration
capacity in the central Murray region, NSW. We applied a ‘space-for-time’ analysis, capitalising on the region’s 20-year legacy of wetland rehabilitation. For 12 wetlands,
soil core samples were analysed (n = 90) for elemental carbon to quantify carbon stocks, and 2°Pb age-dated to determine carbon accretion rates. Wetland carbon
stocks increased linearly with time since rehabilitation. Importantly, this relationship existed despite carbon stocks also being influenced by other factors that could
not be controlled, which had been expected to limit the detectability of carbon gains (e.g. land-use prior to rehabilitation, soil type, frequency of water inundation and
elevation). Land-use prior to rehabilitation explained significant variation, with wetlands that were previously both cropped and grazed having higher carbon stocks
than wetlands that were previously subject to grazing only. Carbon stocks in rehabilitated wetlands were similar (87 Mg Corg ha'?) if not higher than those reported for
other freshwater wetlands in Australia, suggesting that carbon sequestration capacity can be restored within reasonable (5 — 20 yr) time frames. Based upon preliminary
data on soil accretion rates, estimated carbon sequestration rates at the sites studied are between 1.0 and 4.1 Mg CO.e ha*yr?. Our study provides promising
experimental evidence that wetland rehabilitation can help restore the carbon sequestration capacity of wetlands.

Carbon sequestration by wetlands: vulnerability and opportunity

Paul E Carnell*, Saras M Windecker?, Madeline A Brenker?, Peter | Macreadie?!

1. Deakin University, Burwood, VICTORIA, Australia
2. Quantitative and Applied Ecology Group, School of BioSciences, The University of Melbourne, Parkville, Victoria, 3010

Wetlands supply a range of values for ecosystem function and human well-being. Yet as climate change rapidly becomes a reality, wetlands are increasingly drawing
attention for a different reason: they have vast potential for storing atmospheric carbon. So far, investigations of the carbon sequestration capacity of wetlands have
concentrated on coastal or ‘blue carbon’ wetlands (i.e. seagrasses, saltmarshes, and mangroves). But in fact, estimates identify inland wetlands as the earth’s largest
store of terrestrial carbon; they contain 33% of the soil carbon pool, yet occupy a mere 6—8% of the land surface. Despite this potentially extreme worth, wetlands
have historically been underappreciated; since European settlement, Victoria has seen widespread losses of wetlands through agricultural development, urban
development, and water extraction. Crucially, wetland loss and degradation has two major consequences: the loss of carbon sequestration capacity; and the potential
release of ancient carbon back into the atmosphere — an impact that effectively transforms wetlands from carbon sinks, into carbon sources. The purpose of this study
was to survey the carbon stocks of Victoria’s inland wetlands (n = 103). At least 10 wetlands were chosen within each of the ten Victorian Catchment Management
Authority regions and from a range of wetland types. Sampling involving taking soil cores (to 1 m; n = 5 cores per wetland) and analysing the organic/inorganic carbon
content (via MIR and a CHN analyser) at different depths (n = 6) in each core. Average sediment carbon stocks were highest in alpine peatlands, and were significantly
lower in permanent open freshwater wetlands. Using this data, we have estimated significant carbon emissions that may have resulted from wetland loss since
European settlement. From here, | will also highlight opportunities to avoid carbon emissions, and to make significant carbon offsets, through protection and
rehabilitation of wetland habitats.

The effects of climate change on cryptic biomass in temporary lakes

Claire Sives!

1. Centre for Ecosystem Science, School of Biological, Earth and Environmental Sciences, University of New South Wales, Kensington, NSW, Australia

Temporary lakes play a vital habitat role in the semi-arid zone of the Murray-Darling Basin. Aquatic microcrustacea and aquatic plants persist in dry lake beds by virtue
of resting propagules: eggs and seeds. As lakes fill, microcrustacea and plants emerge, providing an important food source for larger animals including waterbirds, frogs
and fish. As waters recede, resting propagules are deposited. The status of cryptic propagules across dry lakebeds in relation to inundation regimes, with implications
for ecosystem foodwebs, is poorly understood. Under a drier future, spatial filling extent, duration and frequency may be reduced in Australia’s semi-arid zone, leaving
some propagules high and dry. We examined differences in microcrustacea and plant biomass emerging from sediments across a gradient from lake centres to
shorelines to determine patterns in biomass, abundance and diversity. We used an ex-situ setup of microcosms from five temporary lakes in the Paroo Basin of north-
western NSW. There were differences in microcrustacea and aquatic plants at different filling levels. The results have implications for the effects of climate change on
aquatic organisms, and are also relevant for environmental flow management in the Murray Darling Basin. These results can inform flow duration and frequency in
relation to a key component of the foodweb: aquatic microcrustacea and plants.

Vegetation outcomes: what are we seeking and why?

Cherie J Campbell!, Samantha Capon?, Cassandra James?, Kay Morris?, Jason Nicol’, Daryl Nielsen®, Rachael Thomas” 2

1. Murray-Darling Freshwater Research Centre, MILDURA, VIC, Australia

2. Australian Rivers Institute, Griffith University, Nathan, QLD, Australia

3. TropWater, James Cook University, Douglas Campus, QLD, Australia

4. Arthur Rylah Institute for Environmental Research, Heidelberg, VIC, Australia

5. Aquatic Sciences, SARDI, Henley Beach, SA, Australia

6. CSIRO Land and Water Flagship, Wodonga, VIC, Australia

7. NSW Office of Environment and Heritage, Sydney South, NSW, Australia

8. Centre for Ecosystem Science, School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, NSW, Australia

Maintaining or improving vegetation condition or diversity are objectives of environmental water management common to wetlands across the Murray-Darling Basin.
But what do we mean by an improved condition or diversity outcome and why do we care? The way we measure and assess condition and diversity outcomes is
dependent on scale and the desired vegetation function. Here we conceptualise the need to consider vegetation responses across multiple scales of organisation (i.e.
individual plants, populations, communities, landscapes/vegscapes) and multiple types of vegetation traits (e.g. compositional, structural and process). We also discuss
the way in which interacting drivers may constrain the expression of vegetation traits. We provide examples of the way the conceptual framework may be applied to
aid in the planning and assessment of vegetation outcomes at a range of scales and for a variety of functional outcomes.

27

The decline of Pseudoraphis spinescens (Moira Grass) grasslands at Barmah Forest, Victoria: current distribution and implications
for floodplain conservation
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Lyndsey Vivian?, Keith Ward?

1. Ecology and Heritage Partners, Ascot Vale, VIC, Australia

2. Goulburn-Broken Catchment Management Authority, Shepparton, Victoria

Floodplain grasslands are highly productive ecosystems that are becoming increasingly degraded and fragmented because of changes to natural flood regimes. In
southern Australia, one of the largest floodplain grasslands occurs at Barmah Forest, Victoria. These grasslands are dominated by Pseudoraphis spinescens (Moira
grass), an ecologically important mat-forming grass. Although P. spinescens was once widespread in treeless areas within the forest, there has been a dramatic decline
in its extent, particularly since the Millennium Drought (2001-09) and subsequent unseasonal and prolonged La Nifia-associated flooding from late 2010 to 2012. In
this project we mapped and quantified the distribution of P. spinescens to determine its current extent, and to investigate the response of the grasslands to
environmental flows. Our detailed on-ground surveys found only 182 hectares of P. spinescens grassland remaining in treeless areas of Barmah Forest, representing
~12% of the total area of treeless plains and lakes. Critically, just 51 hectares of the thick monospecific P. spinescens swards that were a historically important part of
the floodplain were located and mapped. Although there was a small increase in the area of P. spinescens in some treeless areas following a favourable flood season
in 2013-14, the boundaries of most grassland patches remained relatively stable. Potential drivers of the overall decline in P. spinescens across Barmah Forest include
the direct and indirect impacts of altered flood regimes, drought, grazing pressure, and seedbank decline. We discuss strategies for managing these floodplain
grasslands, including the use of environmental flows to provide more natural flood regimes, and the challenges of grassland restoration in a regulated and highly
modified ecosystem.

1. Vivian, LM, Ward, KA, Marshall DJ and Godfree, RC (2015) Pseudoraphis spinescens (Poaceae) grasslands at Barmah Forest, Victoria, Australia: current
distribution and implications for floodplain conservation. Australian Journal of Botany, 63(6), 526-540

Watering requirements of iconic floodplain vegetation species of the Lower Balonne Floodplain.

Bill Senior?, Jon Marshall*, Andrew Biggs?, Timothy J Page?, Alisa Starkey?

1. Department of Science, Information Technology, and Innovation , QLD Government, Brisbane, QLD, Australia

2. Department of Natural Resources and Mines, Toowoomba, QLD, Australia

3. Ozius Spatial, Brisbane, QLD, Australia

Floodplain vegetation is an important component of the ecology of the Lower Balonne Floodplain system in the northern Murray Darling Basin. Dominant vegetation
species in the area (the trees Coolibah, River Red Gum, Black Box, and the shrub Lignum) are all known to depend on flooding to maintain plant condition, with species-
specific tolerances for both the maximum period between floods and the duration of inundation during such events. However, most of the knowledge of these
requirements is derived from research undertaken in the southern Murray Darling Basin in rivers with climatic and hydrological regimes far removed from those of the
Lower Balonne Region. Previous investigations in the Northern Basin have suggested that flooding of a certain frequency to maintain the condition of a particular
species to be over-simplifications of a much more variable dynamic.

A multi-year project being undertaken by the Queensland Government as part of the larger Environmental Watering Knowledge and Research (EWKR) project is aiming
to better define the water requirements of floodplain vegetation in the Lower Balonne. The overall approach of the project is to combine analysis of long-term time
series of vegetation condition, as measured from satellite images, with patterns of water availability from floods, rainfall and groundwater. Vegetation responses to
water availability are then being interpreted in relation to mapped landscape characteristics. Results are being validated by detailed field measurements at selected
field sites using techniques such as stable isotope analysis and measurement of sap flow to quantify vegetation water use and geophysics to characterise soils, identify
shallow aquifers and explain recharge processes of soil water and groundwater.

Preliminary results presented here suggest that some portions of the floodplain landscape, where asset vegetation species dominate, are likely to be utilising shallow
groundwater and that flood dependency is mediated by availability of other water sources.

Does floodplain watering improve understorey vegetation response to natural flooding?

Jason M Nicol, Susan L Gehrig?
1. SARDI Aquatic Sciences, HENLEY BEACH, SA, Australia

Watering areas of floodplain has become a widely adopted management intervention during periods without flooding. The aims of these interventions are to improve
overstorey condition, provide conditions suitable for recruitment of flood dependent species and maintain floodplain condition so that it will respond to flooding. There
is considerable evidence that watering improves overstorey condition and provides conditions suitable for recruitment of flood dependent species; however, how
watering influences the response of floodplain vegetation to flooding it is not well understood. We proposed that the response of the understorey vegetation to
flooding would be more positive on a watered floodplain compared to an unwatered floodplain. To test this hypothesis we compared the understorey vegetation
before and after the 2010-11 flood on two floodplains on the lower River Murray: the Chowilla Floodplain which received 27.5 Gl of environmental water between
2004 and 2010 and the Pike Floodplain which received no environmental water. Vegetation surveys were undertaken in February 2010 on both floodplains and the
vegetation was dominated by terrestrial and salt tolerant species with large areas devoid of vegetation; however, two temporary wetlands on the Chowilla Floodplain
were watered in spring 2009 and those areas were dominated by flood dependent species. Species richness for Chowilla and Pike was 42 and 17 respectively in February
2010. The same sites were surveyed after the 2010-11 flood and the vegetation in areas that were flooded was dominated by flood dependent species on both
floodplains and the species richness at Chowilla and Pike was 66 and 68 respectively. Data collected in this study did not show that there was a more positive response
of the understorey vegetation on the watered floodplain and there is no evidence that watering maintains areas of floodplain so that they respond to flooding.

Understanding the mid-Goulburn River: are cold flows a problem?

Kallie Townsend?, Claudette Kellar!, Cameron Amos?, Katherine Jeppe?, Sara Long?, Vincent Pettigrove®

1. Centre for Aquatic Pollution Identification & Management (CAPIM), School of BioSciences, The University of Melbourne, Parkville, Victoria, Australia

Surveys of fish in the mid-Goulburn River, between Lake Eildon to Lake Nagambie, have shown the native and freshwater fisheries in this reach are sub-optimal despite
there being good habitat. Macroinvertebrates have also been shown to be in poor condition. A major contributing factor to poor fish and macroinvertebrate community
health in the region may be from the water releases from Lake Eildon. The large volumes of water released from Lake Eildon have significantly altered the flow regime
of the river, and provide unseasonably cold waters during spring and summer that impact the river as far downstream as Seymour. The study aimed to determine
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whether the abundance of macroinvertebrates was low where there were low numbers of fish and to determine whether they were stressed from the modified flow
regimes and associated water quality caused by Lake Eildon. Macroinvertebrate community was assessed at four sites within the mid-Goulburn and King Parrot Creek
over multiple levels of organisation (community, population, individual and sub-lethal) in a multiple lines of evidence approach. Several methods were employed across
three seasons (spring, summer and autumn) including replicated edge sweep samples (community structure, relative abundance of key taxa, biomass), artificial
substrate samples (community structure, relative abundance of key taxa, biomass) and shrimp (Paratya australiensis) cage studies (survival, growth, biomarkers). Our
results show that macroinvertebrate fauna in the Goulburn River are impaired and very different to those in King Parrot Creek. A lack of large bodied crustaceans
(shrimp) is evident in the mid-Goulburn despite surrounding tributaries containing high abundances of them. It is likely that large water releases from Lake Eildon are
impacting macroinvertebrates in the Goulburn River, with the greatest impacts occurring in spring and summer when water temperatures associated with the water
releases were colder. The management implications of these findings will be discussed.

31
Improving environmental water delivery to degraded wetlands

Nicola Logan?, Simon Treadwell*, Sarah Gaskill?

1. Jacobs Group Australia, Melbourne, VIC, Australia

2. Melbourne Water, Docklands, VIC, Australia

Flow regulation and land use change has impacted on the condition of billabongs along the Yarra River. Following an initial review of the ecology and water
requirements of numerous billabongs in the Yarra River catchment by Melbourne Water, a priority list has been developed. Jacobs has developed a framework for
determining and implementing a preferred water regime, based on individual wetland management objectives. The framework is based on four stages; characterisation
of the wetland and determination of management objectives, identification of a preferred watering regime, water regime delivery (through infrastructure
design/maodification), and monitoring, evaluation and adaptive management.

This paper presents an overview of the framework and a case study of its application to three sites of differing complexity; Yering backswamp, Spadoni’s Billabong and
Cockatoo Creek Swamp. The purpose of these projects has been to further develop a conceptual understanding of the site, establish management objectives, identify
a preferred watering regime and determine a suitable environmental watering solution that could enable the preferred regime to be delivered.

Upper Ovens River low flow planning: Increasing understanding of aquatic habitat under extreme low flows with the use of an
interactive river depth map

Catherine Mclnerney?, Joshua Hale?, Owen Martin?, Stephen Impey?, Andrew Sharpe?
1. North East CMA, WODONGA, VIC, Australia
2. Jacobs Group Australia, Melbourne, VIC, Australia

The upper Ovens River is one of the last major rivers in the Murray-Darling Basin which retains a near natural flow regime. Although largely unregulated, water is
harvested by pumping to fill farm dams, to irrigate crops and for domestic, stock and town use. In dry years, consumptive demand has the potential to significantly
reduce or stop flow. Low flows and cease-to-flow events can have negative impacts on aquatic fauna by reducing the quality or quantity of aquatic habitat and reducing
water quality. One way to assess habitat under low flows is to use hydraulic models, however, this is problematic because the upper Ovens River has a porous riverbed,
meaning that a portion of the flow passes through the riverbed, a type of flow not easily accounted for by hydraulic models.

To better understand the upper Ovens River under very low flows, the North East CMA and Jacobs Group Australia completed a bathymetric and aquatic habitat survey.
Jacobs developed an innovative kayak mounted survey rig to complete a high accuracy depth and aquatic habitat survey of 40 km of the Ovens River between Bright
and Myrtleford under extreme low flows. The output was an interactive, GIS based map of the river, incorporating the depth survey, spatially oriented photography of
the river and quantitatively based conceptual models of the main riffles identified in the river. The interactive map and conceptual models provide the CMA with a
powerful tool to understand the river and to determine how habitat availability and condition change as flows reduce.

Evaluation of Moira Grass seed bank from Barmah Forest floodplain

Daryl Nielsen'2, Rebecca Durant?3, Keith Ward*

1. CSIRO, WODONGA, VIC, Australia

2. The Murray-Darling