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Editorial
PHOTO ANDREW TATNELL.

Firstly, a huge thank you to those organisations
sponsoring this edition, we cannot produce
RipRap without you. As you go through these
articles I am sure you will share my pride and
delight at the quality of work going on around
Australia. It is at odds with the somewhat gloomy
and sensationalised reports we get through our
media about water management. We need your help to share these stories
and attract new readers, so please let people know about the magazine and
the ARRC. RipRap can be ordered or viewed for free as a pdf, we are also
developing a RipRap app, so stay tuned for that development!. We are very
happy for stories to be reproduced in other publications providing you
check with me first, and acknowledge the original source. We are also
happy for you to tweet, facebook and ‘linked in’ to discussions
about these stories — together I feel confident we can get
these fabulous articles out into our community and celebrate
the important work we are doing. Thank you for reading!
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Resilient restoration
BILL YOUNG FROM CSIRO’S WATER FOR A HEALTHY FLAGSHIP HIGHLIGHTS
THE CRITICAL ELEMENTS FOR SUCCESS IN ADAPTIVE MANAGEMENT OF
RIVER SYSTEMS AND WETLANDS.

Twenty years ago I taught short courses on
eco-hydrology to engineering students. One of
my favourite catch phrases was “fish need trees”;
this drew attention to the complexity of riverine
food webs and the need to take a systems view
in managing rivers. Flow regimes are dynamic
across multiple time scales, and lead to a range
of interconnected ecological responses which
we often have limited data to describe.
While ‘people need rivers’ is perhaps
an easier notion to grasp, responding to the
question ‘what is a healthy river worth?’ is
complex. Our ability to answer this question
is central to the management of environmental
flows, since inevitably water resource planners
and managers must assess options and ultimately
select and implement actions which balance
environmental, economic, and social benefits
and costs.

Making such assessments, whether in a
water planning or management context, requires
an understanding of how river systems function,
and the environmental, economic and social
values different groups and communities place
on water, rivers, wetlands, and biodiversity.
Given the limited data to describe these
functions and values, these assessments are
uncertain. This uncertainty stems from limited
quantitative descriptions of complex biophysical
interconnections. These are typically based on
short data records, which do not adequately
describe variability through time. Data sets
describing community values associated with
rivers are even sparser.
In spite of inadequate historical data
to describe the environmental dynamics of
our rivers, we know the climate is changing
and other pressures such as land use change,
population growth and urbanisation will
continue to drive long-term changes in
our river systems.

Wetland plants respond to ﬂooding on the lower Murrumbidgee ﬂoodplain,
Yanga National Park, New South Wales, November 2010. Photo Heather McGinness.
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RESILIENT RESTORATION

Giant Rush (Juncus ingens) encroachment on Steamer Plain,
Barmah–Millewa Forest, Victoria, in 2011. Photo Lyndsey Vivian.

Adaptive management
Investment is required in the strategic long-term
collection of environmental data, as well as the
creation of mechanisms to facilitate continual
improvement in water resources planning
and management (including institutions and
regulatory frameworks). These processes
of monitoring and learning are core to the
widely touted, but seldom followed, adaptive
management paradigm.
A typical definition of adaptive management
is: ‘a structured, iterative process of robust
decision making in the face of uncertainty,
with an aim to reducing uncertainty over
time via system monitoring’.
The process is usually depicted as a cycle,
beginning with setting objectives, predicting
the likely consequences of intervention,
implementing agreed interventions, monitoring
the effectiveness of interventions, and then
revising or improving the agreed course of
action in the light of observed outcomes. In
water management this cycle occurs at many
time scales — for example, from the learnings
gained around an individual environmental
watering event, through to reviews and revisions
of an umbrella policy framework like the
Murray–Darling Basin Plan. At various times
agreed objectives also change, either as a result
of changing values, or because system changes
(for example, as a result of climate change)
mean existing objectives are no longer
appropriate.

TAP PHOTO ANITA MARTINZ (WIKIMEDIA COMMONS).
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One of the objectives of the now adopted
Murray–Darling Basin Plan is “to establish a
sustainable and long-term adaptive management
framework for the Basin water resources that
takes into account the broader management of
natural resources in the Murray–Darling Basin”.
The Plan includes an adaptive management
approach based on six steps, however, these
steps do not highlight the need for monitoring
to compare predicted and observed outcomes.
Implementation of the Plan, particularly
through the establishment of new state water
resource plans and the ongoing management
of new environmental water, will need to test
uncertainties, document them and learn from
this testing. The critical elements for success are:
•
active involvement and long-term
commitment from stakeholders. This
reflects the learning that embedding
adaptive management solely within
government institutions is unsuccessful
because of the complex social dimensions
in water resource and river management,
•
clarity of institutional roles and
responsibilities and effective mechanisms
for interaction,
•
joint commitment by government and
community to long-term monitoring
(and the required resources and technical
capacity), and a monitoring process which
itself is adaptive,
•
involvement of scientists to facilitate the
learning process based on modelling and
analysis of monitoring data.

A typical
definition
of adaptive
management is:
‘a structured,
iterative process
of robust
decision making
in the face of
uncertainty,
with an aim
to reducing
uncertainty over
time via system
monitoring’.

BILL YOUNG | ADAPTIVE MANAGEMENT
Determine
management objectives
Define key desired outcomes

PL

A

N

N

Adjust manageme
arrangements to nt act
enh ion
an s a
ce n
ef d
fe
c

A DJ U ST

While all phases of the cycle are vital,
setting objectives can be the hardest because
it highlights the tensions and different value
sets of different stakeholder groups. It also
exposes our limited predictive capacity and
the uncertainty around future outcomes.
These limitations make it sensible to think
beyond specific objectives, and include broader
objectives such as ecosystem resilience.
Resilience is the capacity of an ecosystem
to tolerate disturbance without collapse or
irreversible change. Protecting ecosystem
resilience puts a focus on minimising the risks
of negative outcomes, rather than focusing on
narrowly defined positive outcomes. Avoiding
interventions which reduce the variability in
key ecosystem processes can protect resilience.
Setting resilience objectives usually requires
agreed measures to enable quantification
of key aspects of resilience.

Using modelling to predict the future
Modelling is an important tool to support
adaptive management. Models provide a
way to assemble existing data and knowledge
in internally consistent ways, and to use
these models to predict spatial and temporal
patterns of river flow regimes and ecology.
Models can help predict conditions in places
or times where observations are limited.
Models can therefore be used to extend, or
in-fill, historic time series, and can be used
to predict future conditions with, or without,
planning and management interventions.
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Importantly, given the unpredictability of
future climate sequences and the uncertainty
in climate trends, models enable hindcasting,
whereby observed climate inputs and actual
management choices are modelled to predict
outcomes; predicted outcomes are compared
with observed outcomes.
A recent concept which could be useful in
the adaptive management of rivers and wetlands
is ‘anti-fragility’ proposed by Nassim Taleb —
most famous for his work on randomness,
probability and uncertainty. In his 2007 book
The Black Swan he writes “anti-fragile systems
are more than simply resilient — they become
stronger and more resilient as a result of random
unexpected events or partial failure”.
While we may seek to manage rivers as
resilient systems, a more ambitious goal would
be to ensure the coupled social–institutional–
environmental systems which manage rivers
and water resources are anti-fragile. This would
ensure riverine environments, communities,
and institutions co-evolve to be ever stronger
as a result of evidence-based learning.
In Australia, environmental flow management
has seesawed between bottom-up community
driven action and top-down government
driven reform. Both have contributed to
the accumulation of new knowledge and its
application to improve water management.
In the future we need to consciously integrate the
two to build an anti-fragile social–institutional–
environmental system.

D

Implement strategies and
actions to achieve objectives

Diagram redrawn from:
Jones, G. 2009, ‘The adaptive
management system for
the Tasmanian Wilderness
World Heritage Area —
linking management
planning with effectiveness
evaluation’, chapter 13 in
Allan, C. & Stankey, G. (Eds),
Adaptive Environmental
Management. A
Practitioner’s Guide,
co-published by Springer
and CSIRO Publishing,
Dordrecht, The Netherlands
and Collingwood Australia.

FOR FURTHER INFORMATION
Bill Young — bill.young@csiro.au
www.csiro.au/org/WfHC
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An upwards learning curve
RESEARCHER AND RIVER ADVOCATE STUART BLANCH, FROM THE ENVIRONMENT
CENTRE OF THE NORTHERN TERRITORY AND MEMBER OF THE FORMER NORTHERN
AUSTRALIA LAND & WATER TASKFORCE, HIGHLIGHTS THE IMPORTANCE OF
PROTECTING NORTHERN RIVERS.

PHOTOS ABOVE AND OPPOSITE KINDLY PROVIDED BY DAVID HANCOCK, GALLERY TWO SIX, DARWIN. BELOW TREVOR COLLINS.
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From my childhood’s Swimming Creek, to the
Murray–Darling Basin (MDB), to Australia’s
amazing tropical rivers, there is a clear lesson —
protecting rivers is cheaper than fixing them.
It is vital we do not repeat the mistakes made
in mismanaging rivers and creeks in the south
when determining the future of northern
Australia’s free-flowing rivers.
I grew up at Nambucca Heads on the New
South Wales north coast and lived beside a great
little creek called Swimming Creek. This creek
became so polluted with sewage and sediments
during my teenage years it was unsafe for
swimming. It remains so.
This affected me a lot then, and still does
today. It drove me to study river and wetland
ecology at university, including a doctorate
looking at the ecology and management of the
lower River Murray. Breathing life back into
that beautiful old river taught me how hard,
expensive and slow river restoration can be.
Work as a river campaigner for many
years in the MDB highlighted again how difficult
it is to restore rivers which have been dammed,
polluted, over-pumped, and infested with
invasive species.

STUART BLANCH | RIVERS OF THE NORTH

A move north to Darwin reminded me what
rivers should be like. There is something special
about sitting under a pandanus palm by a quiet
clear stream in the north watching Barramundi,
or boating across a wetland filled by wet season
floods and home to great flocks of magpie
geese and whistling duck.

Protection is cheaper than restoration
There are 65 river basins across northern
Australia between Cairns and Broome. These
are home to one million kilometres of streams
which are almost all free-flowing. Most of the
rivers retain their hydrological connectivity from
their source down to big floodplains, and coastal
mangroves, bathing sea country in annual floods
and sediments. Most are still cloaked by native
vegetation along their banks, though some
riparian zones are infested by weeds and
damaged by feral animals.
Northern Australia’s free-flowing rivers are
a precious global asset, all the more important
as our great tropical rivers face a barrage of
new dams, from the Amazon to the Mekong
to the Congo.
The Federal Government’s Northern
Australia Land & Water Taskforce concluded
in 2010 there would never be a food-bowl in
northern Australia. There is scope for more
irrigation and cropping without doing major
ecological and economic damage, but a lack
of good soils and water during the long dry
season make large scale agriculture impossible
over most of the north.
There are also high input costs and
challenges in getting produce to markets. Few
northern rivers carry much freshwater from the
mid to late dry season (July to December), when
most crops need irrigation. The rivers which do
are fed by groundwater, such as the Daly and
upper Roper in the Northern Territory, and the
Gregory and Nicholson Rivers in Queensland.
These rivers have significant ecological values,
support important values for indigenous
communities, and underpin businesses which
rely on natural or near-natural flow regimes
(fishing, tourism, wild caught seafood in marine
ecosystems).

Even the Territory’s beautiful Daly
River, long touted as a potential food-bowl, has
significant limits on how much water could be
extracted for irrigation due to flow-dependent
wildlife. Water use is about to be capped in
the catchment at around 100 gigalitres, a tiny
fraction of the 6500 gigalitres which flows
to the Timor Sea annually. Even at this level,
river communities remain concerned about
the ecological impacts, particularly during
low rainfall years and as climate change
affects rainfall patterns.
New dams are proposed for high
conservation value tropical rivers such as
the Green Hills Dam on the Gilbert River
in Queensland’s Gulf Country, the Warrai
Dam on the Adelaide River in the Top End,
and the Margaret River in the Kimberley in
Western Australia.

Resilient rivers
In terms of retaining and restoring landscape
connectivity under the Federal Government’s
National Wildlife Corridor Plan, the importance
of hydrological connectivity should be a key
consideration for wildlife, native vegetation,
and for catchment communities.
Building landscape resilience as climate
change impacts strengthen must involve
conserving river systems to provide water
for people, ecosystems and land managers.
In the north, the streams, wetlands and springs
which carry freshwater into the late dry season
are essential for many wildlife species.
The strengthening push for a pancontinental landscape connectivity and wildlife
corridor across Northern Australia is partly in
recognition of the importance of tropical rivers
in maintaining the ecological resilience of the
tropical savannas. The Kimberley to Cape region
warrants coordinated management across the
north, arguably under the National Wildlife
Corridor Plan, with the conservation and
sustainable use of tropical rivers as a
cornerstone.

FOR FURTHER INFORMATION
Stuart Blanch — coordinator@ecnt.org or 0448 887 303
www.ecnt.org
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After drought and ﬂooding rains
RESEARCHERS FROM CSIRO’S WATER FOR A HEALTHY COUNTRY FLAGSHIP ARE DOCUMENTING RESPONSES OF FLOODPLAIN PLANTS
AND ANIMALS IN THE SOUTHERN MURRAY–DARLING BASIN AFTER THE RECENT DROUGHT AND FLOODS.

Wetland plants respond
to ﬂooding on the lower
Murrumbidgee ﬂoodplain,
Yanga National Park, New
South Wales, November
2010. Photo Lyndsey Vivian.

LARGER SWAN IMAGES (LEFT TO
RIGHT): JJ HARRISON, NICK-D AND
HELENABELLA SOURCED FROM
WIKIMEDIA COMMONS.
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Research is under way to learn more about how
plants and animals respond to extreme events
of drought and flooding rains in the Murray–
Darling Basin (MDB).
While the drought which occurred from
1997–2009 led to a decline in condition in many
floodplain river ecosystems, the La Niña climate
cycle during 2010–12 resulted in widespread
flooding throughout the Basin. Some parts of the
Basin experienced ecosystem recovery, however,
in other areas, the expected response or recovery
of plants and animals has not occurred.
Combining both scientific and public
knowledge of plant and animal responses to these
extreme droughts and floods will provide insight
into why recovery has, or has not happened, and
the implications of these responses for floodplain
conservation. This knowledge is vital when
planning how to manage such events in the
future. It is also important when developing
strategies to protect or restore floodplain river
ecosystems using environmental water.
The research, carried out by CSIRO’s Water
for a Healthy Country Flagship, is part of a
wide suite of research that aims to provide the
science necessary for the protection or restoration
of water-dependent ecosystems across Australia.

These two events — long-term drought
followed by extensive floods — provide a
unique opportunity to better understand
how floodplain plants and animals respond to
variation in water availability, and which plant
and animal communities are most resilient or
susceptible to change.
Changes in floodplain communities can
be complex and unexpected. For example,
the return of more natural flood regimes
following the break of the drought has not
always resulted in the full recovery of floodplain
communities. This suggests the composition of
the communities has changed and can no longer
support recovery to their previous condition.
This research is exploring how, why and
where such ‘switches’ may have occurred,
and the ways in which plant and animal
communities have been affected. It also aims
to better understand the long-term ecological
importance of these changes by examining
specific relationships between hydrology and
ecosystem structure using case studies from
across the southern MDB.

WATER FOR A HEALTHY COUNTRY | FLOODPLAIN RESPONSES

Project stages
An initial survey of floodplain managers, scientists, water stakeholders
and the public will identify changes in floodplain communities in many
sites across the southern MDB. The survey will be followed up by more
detailed interviews with interested participants and an analysis of data from
studies carried out in plant and animal communities across the region.
These sources of information will then be used to quantify floodplain
changes in an integrated way for scientists, managers and the community.
The second stage of the project aims to predict likely patterns of
change across floodplain ecosystems in the future, and, where possible,
generate risk profiles for selected communities in response to changing
water regimes.

Informing on-ground action
The information gained from this project will be useful for informing both
local on-ground and broader policy approaches to water management
across the southern MDB. Outputs include:
•
identification of change in a range of floodplain communities across
the southern MDB,
•
models that characterise shifts in flora and fauna in response to
hydrological change using experimental, field and remotely sensed
information,
•
statistical relationships between hydrological drivers such as flood
frequency and duration and ecological responses (for example,
changes in floodplain plant distribution or bird abundance and
diversity). This work will improve the understanding of the impacts
of long-term changes in water availability on the structure and
functioning of floodplain river ecosystems, the patterns of recovery
following drought, and thresholds which may prevent the recovery
of degraded ecosystems,
•
risk profiles for floodplain communities across the southern MDB.
It is hoped the project will identify which southern MDB floodplain
ecosystems are most at risk of significant or permanent change under
future hydrological
drological (flooding or drying) events.

WHITE FACED
HERON: JJ HARRISON
(WIKIMEDIA COMMONS).

FOR FURTHER
URTHER INFORMATION
Robertt Godfree — robert.godfree@csiro.au
Lyndsey Vi
Vivian
i — llyndsey.vivian@csiro.au
d
i i @ i
Heather McGinness — heather.mcginness@csiro.au
Carmel Pollino — carmel.pollino@csiro.au
www.csiro.au/science/ﬂoodplain-response

Water: Science and Solutions for Australia,
edited by Ian Prosser, provides the latest
scientiﬁc knowledge on a series of water
resource topics relevant to Australia and
the world. It draws on the scientiﬁc literature
to provide a broader audience with a clear
picture of the water challenges and prospects
facing Australia.
Australia faces challenges of a growing
urbanised population, a growing demand
for food, and of managing threatened
aquatic ecosystems, all of which will require
more water. Meanwhile, climate change
in southern Australia threatens to reduce
water availability, while the extreme ﬂoods
wa
and droughts of the last decade or so have
an
revealed deep vulnerabilities of Australia’s
rev
water resources and the ecosystems that
wa
depend upon them. It is no surprise our
de
society is increasingly seeking knowledge
so
about how best to use our ﬁnite water
ab
resources.
res
Water: Science and Solutions for
Australia covers the status of Australia’s
Au
water resources and their future prospects,
wa
the many values we hold for water, and the
potential for using water more effectively
po
to meet the growing demands of cities,
farmers, industries, and the environment.
far
The book can be downloaded for free from
Th
www.csiro.au/resources/Water-Book.html
or contact CSIRO Publishing on 1300 788 000
Hard copies are available for $24.95
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Filling up the water knowledge gap
The research will produce an
inventory of key environmental
assets in the MDB using the latest
data describing hydrology, ecology,
land use activities, climate and
physical characteristics. Photo
Richard Kingsford.

CSIRO’S CAROL COUCH DETAILS A RESEARCH PARTNERSHIP THAT AIMS TO IMPROVE
WATER RESOURCE MANAGEMENT ACROSS THE MURRAY–DARLING BASIN.

New research on ecological responses to water flow changes will help
ensure the long-term sustainable management of the Murray–Darling
Basin’s (MDB) aquatic ecosystems. CSIRO is working with a number
of partners in the Ecological Responses to Altered Flow Regimes
Collaboration Cluster (the Cluster) to develop the science to
improve environmental monitoring and modelling tools for the Basin.
Research from the Cluster will result in a deeper knowledge of the water
requirements of biota and ecosystems; more effective ecological monitoring
indicators; and an enhanced capability to predict the impact of water
regime change on the conservation of biodiversity. Policy makers and river
managers, including federal and state agencies and the Murray–Darling
Basin Authority (MDBA), will be able to use the research to make more
sustainable environmental flow allocation decisions.

Droughts and ﬂooding rains

FOR FURTHER INFORMATION
Carol Couch — carol.couch@csiro.au
Stuart Bunn — s.bunn@grifﬁth.edu.au
www.csiro.au/partnerships/
EcologicalResponsesCluster
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Many of Australia’s rivers, lakes, wetlands and other aquatic ecosystems are
exposed to recurring periods of stress. The prolonged drought (2000–09),
coupled with water over allocation and extraction, produced the driest
conditions on record, and coincided in a dramatic decline in the condition
of aquatic ecosystems throughout the MDB.
While recent rains have brought welcome flows to many areas,
CSIRO projections suggest future conditions are expected to be drier.
These projections highlight the need to ensure adequate environmental
water allocations in the future. Our ability to protect, restore and
sustainably manage river systems is, however, limited by gaps in
information about how changes in flows affect these ecosystems.

CAROL COUCH | RESEARCH PARTNERSHIP

Fitting the pieces together

3. Ecosystem condition and trend assessment

The Cluster is organised into four inter-related
projects, each addressing key knowledge gaps
relating to MDB ecology.

To determine sustainable management policies
for water resources, monitoring programs need
to consider a range of environmental values.
Besides water quality and biodiversity, how
can monitoring take into account environmental
aspects such as ecosystem processes, functions
and services?
By developing an improved understanding
of the likely factors influencing environmental
assets and values, this project aims to provide
‘diagnostic’ capability to monitoring, providing
confidence to guide management programs
which involve environmental flow interventions.
It will evaluate currently used indicators and
develop assessment methods which take an
ecosystem-wide perspective.

1. Flow regimes and ecological assets
The Basin has significant variation in climate,
flow regime, river habitat and catchment
attributes. How do these variations influence
the distribution of ecological assets and their
responses to changing environmental flows?
This project will develop an
ecologically relevant physical classification
of river and wetland habitats across the
MDB. This information will ensure models
for conserving biodiversity are representative
and comprehensive. It will also provide
spatial information to underpin the modelled
predictions of ecosystem responses to changing
conditions.

2. Flow-dependent ecological responses
There is good general knowledge of how still or
moving water can determine ecological processes
and ecosystem structure and function, but what
happens when the water regime is changed?
This project will develop models exploring
the variability of ecological responses to flow
events and regimes in major regulated rivers
in the MDB. It will also examine ecological
responses to natural, managed and
environmental flow events at key locations,
to determine how biota and environmental
processes respond to flow at site-specific
and whole-of-river valley scales.

4. Ecological models
While some ecological responses to flow are
specific to particular flow and habitat conditions,
this is rarely reflected in ecological response
models, where data are drawn from a range of
river types. How can better models be developed
to allow water managers to understand how
particular flow regimes will affect aquatic
ecosystems?
This project will integrate information from
all the Cluster’s projects into environmental flow
delivery planning and optimisation models. Given
a specified volume of environmental water, the
models will allow decision makers to maximise
ecological outcomes. This will also establish a
framework for conservation planning approaches
to be applied in water resource management.

COLLABORATION
PARTNERS
The Cluster brings
together the CSIRO
Water for a Healthy
Country Flagship
with the following
research partners:
• Grifﬁth University,
(lead institution)
• The University of
New South Wales
• Monash University
• Charles Sturt
University
• La Trobe University
• Victorian
Department
of Sustainability
and Environment
through its Arthur
Rylah Institute

New research on
ecological responses
to changing ﬂow
regimes will support
the sustainable
management of MDB’s
aquatic ecosystems.
Photo Richard Kingsford.
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Testing times underfoot
JANE CHAMBERS AND GAIA NUGENT FROM MURDOCH UNIVERSITY DESCRIBE A
NEW APPROACH DEVELOPED IN WESTERN AUSTRALIA FOR MANAGING DECLINING
GROUNDWATER LEVELS EXPECTED AS A RESULT OF CLIMATE CHANGE, LANDUSE
CHANGE AND WATER RESOURCE DEVELOPMENT.

An innovative risk assessment framework will
soon be available to help water managers identify
the key factors impacting on groundwater
dependent ecosystems, as well as providing
targets for monitoring and management.
The framework can be modified and
used for aquatic ecosystems dependent on
groundwater, or surface water inputs. It is also
user-friendly and applicable to different areas
throughout Australia.
The research was carried out in the south
of Western Australia, a biodiversity hotspot, by a
team of ecologists, modellers and hydrogeologists
from a range of different agencies.

LAKE CAVE, WESTERN AUSTRALIA. PHOTO PROVIDED BY THE AUTHOR.

Declining groundwater levels
There has been a 15 per cent decline in
rainfall and a 55 per cent decline in run off in
south-western Australia since 1975. Climate
change projections suggest this drying trend
will continue to increase in intensity and
duration by up to 20 per cent across Australia
and by 40 per cent in the south-west. This
highlights the vulnerability of freshwater
ecosystems to climate change.
Groundwater dependent ecosystems
have already been impacted in the south-west
by lowering of the water table, which has
reduced surface expression of groundwater,
water levels and flow in wetland, river and
cave ecosystems.
10
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MURDOCH UNIVERSITY | GROUNDWATER
Opposite: Quin Brook
on the northern Gnangara
Mound, Western Australia,
when there used to be
water in 2008. Photo
courtesy of Bea Sommer.

The severity of risk in this biodiversity
hotspot highlighted the need for a risk
assessment and decision support framework.
The research in south-western Australia,
provided a ‘living experiment’ to validate
the framework against observed changes in
three case studies: wetlands of the Gnangara
Mound, a section of the Blackwood River
dependent on the Yarragadee Aquifer for
groundwater base-flow during summer, and
subsurface lakes in the Leeuwin Ridge Caves.
These ecosystems were chosen as examples
of a range of ecosystem types being placed
under different stresses relating to groundwater
decline. These stresses included climate change,
landuse change and water resource development.
Ecosystems at all locations showed evidence
of significant change in response to reduced
groundwater levels, with the root mat
communities of the Leeuwin Ridge Caves
listed as a threatened ecological community.

The new framework
The framework is based on a standard Risk
Assessment Framework, which consists of
five steps:
1. Identify the hazard.
2. Determine exposure and vulnerability
of the ecosystem.
3. Assess effects.
4. Characterise risk.
5. Manage risk.

Applications for decision support are
presented at each step of the framework to
improve understanding of the vulnerability
of groundwater dependent ecosystems to
changing groundwater levels.
In Steps 1 and 2, the likelihood of declining
water over time and the associated biophysical
responses are identified. In Step 3, a conceptual
model is developed to describe these interrelationships. An excellent way of assessing
whether biota will be harmed is to determine the
thresholds at which populations may decline in
response to key environmental parameters. These
thresholds define the upper and lower limits of
environmental conditions in which organisms
exist. Outside these thresholds the likelihood
of an adverse effect on organisms increases. The
final stage in characterising and managing risk
(Steps 4 and 5) is to identify these thresholds.

Environmental interactions
Management of declining groundwater levels
requires an understanding of the interactions
between climate, hydrology, physicochemistry
and the environmental requirements of biota.
In Step 4, a conceptual model (see Figure 1)
is used to capture these inter-relationships.
Using a Bayesian Belief Network, ecosystem
responses are predicted for a number of
future groundwater scenarios. Where adequate
information is available, the results from the
Bayesian Analysis can be represented using
Global Information Systems to show the
spatial distribution of relative risk.

Figure 1: Once a conceptual model has been developed it forms the basis of a quantitative
Bayesian Belief Network, incorporating ecological thresholds. The conceptual model can then
be used for top-down or bottom-up prediction and subsequent assessment of ecological risk.
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TESTING TIMES UNDERFOOT
Figure 2: Spatial risk assessment for ﬁsh in the Blackwood River shows a bleak outlook and identiﬁes only limited potential refuges under climate change
projections for 2030 CMid Scenario from the South West Sustainable Yields project (CSIRO 2009).
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FISH HEALTH MODEL. Scenario CMid
Probability that fish health is GOOD
Probability that fish health is INTERMEDIATE
Probability that fish health is POOR

FISH HEALTH
Good: All parameters within 75% range for both species.
Intermediate: One parameter out of 75% range for one species.
Poor: Three parameters out for acceptable range or one out of range.
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FOR FURTHER INFORMATION
Gaia Nugent — g.nugent@murdoch.edu.au
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BLACKWOOD RIVER, WESTERN AUSTRALIA. PHOTO COURTESY OF STEVE BEATTY.

The benefit of this approach is that it can be used to identify
ecosystem consequences of declining groundwater levels due to increased
abstraction or climate change (a top-down approach), or the critical
thresholds at which a change in groundwater levels will result in some
predicted environmental or biological response (a bottom-up approach).
A top-down approach could include specific scenario testing, for example
the effect of withdrawing 45 megalitres of groundwater or the projected
fall in groundwater levels due to climate change.
If it is not possible to quantify future changes to groundwater
levels, then different scenarios can be assessed to identify the minimum
groundwater level below which ecosystems are likely to be impacted. This
can be used to inform policy conditions such as groundwater extraction
licences, or planning decisions.
The bottom-up approach could be applied if there is concern for
a particular species, functional groups of biota, or guilds of biota such
as plants or frogs. As part of this approach, spatial mapping of risk can
provide key information for the maintenance of freshwater biodiversity
(see Figure 2).
From its beginnings in the south of Western Australia as a framework
for groundwater dependent ecosystems, this approach is flexible enough
for application to a range of ecosystems and purposes across Australia.
It empowers people to manage aquatic ecosystems effectively, hopefully
ensuring their survival into the future.
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TH E AUSTRALIAN RIVER RESTORATION CENTRE
The ARRC, in collaboration with Greening Australia Capital Region,
is managing a project that will link native vegetation with previously
rehabilitated sites throughout the upper Murrumbidgee and Upper Lachlan
catchments to form intact riparian corridors — creating ‘rivers of carbon’.
As part of our communication effort we are delighted to launch the ﬁrst
in the new ARRC Technical Guideline series …

Rivers of Carbon

JUST $1
5

include
s posta
ge
and han
dling

The Guideline explains what biodiverse carbon
is, where it is found and how it relates to river
management.
The 12-page Guideline is easy to read and
provides the science behind the carbon cycle,
greenhouse gases, carbon sequestration, and how
we can create ‘rivers of carbon’ for environmental
and economic beneﬁts.
Written by Jann Williams, Phil Price, Michael
Rooney and Siwan Lovett, it moves beyond a simple
fact sheet to provide clear, concise and accurate
information about the opportunities ‘biodiverse
carbon’ offers for landholders.
The Guideline is part of the suite of products
for the Rivers of Carbon: Southern Riparian
Linkages project being managed by the ARRC
on behalf of the Australian Government’s Clean
Energy Future Biodiversity Fund. You can ﬁnd out
more about this project by visiting the website
www.riversofcarbon.org.au and joining us on
Facebook, Twitter and LinkedIn.
The ‘Rivers of Carbon’ project enables farmers
to achieve production and biodiversity goals now,
while also getting carbon into the landscape at
subsidised rates for which they may later be able
to claim carbon credits.
To order go to the new ARRC Shop at

www.arrc.com.au/shop

Technically speaking
Do you have some research and practice you would like to share with
others? Why not consider working with the ARRC to produce a technical
guideline for you? Siwan Lovett and Phil Price edit these guidelines and
can help you create an attractive, yet scientiﬁcally rigorous publication
for distribution to river managers throughout Australia.

enquiries@arrc.com.au
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Full st[r]eam ahead

THE COMMONWEALTH ENVIRONMENTAL
WATER OFFICE EXPLAINS HOW AUSTRALIA’S WATER
MANAGEMENT IN THE MURRAY–DARLING BASIN
HAS UNDERGONE AN IMPORTANT EVOLUTION
DURING THE PAST 20 YEARS.

Environmental water flows across the Murray–
Darling Basin (MDB) are set to benefit with
the continuing implementation of active water
management to complement traditional rules
based approaches. A shift from a focus on
site-specific water management to a coordinated
Basin-scale approach will also improve the
efficiency and effectiveness of environmental
water delivery.

Historical rules-based approach
The historical approach to managing
environmental water in the MDB has been
to establish rules about how rivers and dams
are operated. For example, some rules require
dam operators to contribute water to maintain
a certain flow volume in the river. Other rules
stipulate how much water has to reach the end
of a system, or that a certain percentage of flow
into a dam has to be passed-through into the
river downstream.

Lindsay Island, Victoria, in April (left) and December 2009.
Images throughout this article courtesy of the author.
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A limitation of this approach is that
the ‘rules’ do not necessarily provide the
variability of flows required by Australia’s
natural ecosystems. Ecosystems in the Basin
are adapted to receiving a range of different
flows (for example, low flows, medium flows or
‘freshes’, pulse flows which provide short bursts
of increased water in the river, or high overbank
flows). This range of flows has not always been
provided because the rivers have been operated
in a way which prioritises consumptive demand
over environmental need. As a result, natural
river flow patterns are often ‘inverted’, with
higher and more consistent summer flows
to provide irrigated crops with water, and
lower spring and winter flows while dams
are recharged.

Water reserves
The next phase in the evolution of
environmental water management was the
establishment by states in the MDB of water
reserves, which set aside a volume of water for
specific environmental purposes and allowed
for discretion over the timing and volume of
releases. The MDB states created local advisory
groups and environmental water managers to
determine how and when the water was used.
The volumes of water made available for
the environment through negotiation of water
resource plans have, however, not been sufficient
to meet all the requirements of the MDB’s
river systems. Consequently, state and federal
governments of the MDB began looking at
other models for environmental water recovery.
These models emphasised the acquisition of
water entitlements which could be held and
actively managed by environmental water
holders. Two such examples are The Living
Murray program (2002) and NSW Riverbank
(2005). The methods of water recovery included
investing in water saving infrastructure, and
purchase of water entitlements on the market.

From site speciﬁc to Basin scale
The Living Murray program was a partnership
between the New South Wales, Victorian, South
Australian, Australian Capital Territory and
Australian governments, coordinated by the
MDB Commission, to recover 500 gigalitres
(billion litres) of water to improve the health
of six icon sites in the River Murray system.
In 2007, there was a further significant
shift in the way consumptive and environmental
water of the MDB was managed. The Australian
Government enacted legislation (the Water
Act 2007) which changed water management
from a site-specific scale to a coordinated
Basin-scale approach. An independent
Murray–Darling Basin Authority (MDBA)
was established to manage the water resources
of the Basin through the development of the
Basin Plan.
At the same time, the Water Act established
the Commonwealth Environmental Water Holder
(CEWH). The CEWH actively manages all the
water acquired by the Commonwealth (such
as through direct entitlement purchases or
through water savings infrastructure) for
protecting or restoring water-dependent
environmental sites in the MDB. This
development has been complemented at a
state level, with the establishment of a Victorian
Environmental Water Holder (see page 23).
The emerging focus for the new
environmental water managers is a broadening
from small scale in–stream use and delivery to
discrete wetland assets, to system-scale multisite flows. Local input is a central feature, and is
used to inform a broader and more coordinated
approach. Significantly, the MDBA and the
Commonwealth Environmental Water Holder
can now plan and respond to environmental
demand across the entire Basin.

FOR FURTHER INFORMATION
ewater@environment.gov.au
Contributing authors: Joe Walters and Steve Costello
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Future ﬂows
Environmental water delivery is now a combination of historic and
new approaches. As the Basin Plan is implemented, environmental water
management is likely to witness a new stage of increasing coordination and
better understanding of the complementary benefits of rules-based and
active management approaches.
To deliver more ambitious environmental outcomes, water managers
will need to overcome physical and policy constraints. Physical constraints
include dam outlet and channel capacity, low lying infrastructure on
floodplains such as bridges, and the need to acquire flood easements on
private land. On the policy front, new arrangements are required to protect
environmental flows from re-regulation and enable further use of return
flows at multiple locations along the river.
Improving the efficiency and effectiveness of environmental water
management will require adaptive management. Programs for monitoring
and evaluating the environmental water use are contributing to the
implementation of this adaptive management approach. Successes and
lessons learnt from environmental watering events will continue to inform
environmental water planning and delivery.
This is also being supported by a greater degree of sophistication
in water portfolio management. The carry over of environmental water
between water years has improved the flexibility of environmental water
management, in line with other water holders.
Environmental watering priorities can be determined and planned
across years with more certainty. Water trading also represents an
opportunity for mutually beneficial outcomes between environmental
and consumptive water holders, and will be increasingly important for
supporting an adaptive approach to environmental water management.

Katarapko, South Australia,
in March and May 2009.
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DAVID PAPPS, THE COMMONWEALTH
ENVIRONMENTAL WATER HOLDER HIGHLIGHTS
SOME OF THE NEW INITIATIVES UNDER WAY
TO RECOVER COMMONWEALTH WATER FOR
THE ENVIRONMENT.

The Commonwealth Environmental Water
Office (CEWO) is working hard to deliver
important environmental water to help protect
and restore the Murray–Darling Basin’s
(MDB) water-dependent environmental
sites. With an emphasis on local partnerships
and support, new initiatives aimed at river,
wetland and floodplain rehabilitation are
proving successful.
At 31 December 2012 there is more
than 1000 gigalitres long-term average
annual yield of Commonwealth environmental
water holdings. More than 1800 gigalitres of
Commonwealth environmental water has been
delivered throughout 15 catchments in the
Basin since 2009 (see Figure 1).

Above: Flood runner — commencement of the
Commonwealth environmental water delivery to
Clark’s Floodplain on 22 January 2013. Photo courtesy
of the Nature Foundation.

Basin benefits from strong partnerships

2
3

Water recovery process
Water is recovered for the environment through
a combination of investments in water saving
infrastructure, water purchases and other water
recovery programs. The process of making
Commonwealth environmental water available
is detailed in Figure 2 (overleaf).
The CEWO carries out monitoring and
evaluation of its watering activities. While
improving the health of the environment is
a long-term process and the full results will
take some years to emerge, early monitoring
indicates Commonwealth environmental water
has provided a range of ecological benefits for
rivers, wetlands and floodplains. See the article
by Charles Sturt University on page 20 for
examples.

1
Figure 1: Commonwealth
Environmental Water Ofﬁce
delivered 1845 gigalitres
to Basin catchments
between 1 March 2009
and 31 December 2012.
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Joining forces
The CEWO supports the Commonwealth
Environmental Water Holder (CEWH) in the
management of water holdings.
Developing local partnerships is important
in the management of a complex system of
rivers, environmental assets and consumptive
water users. Significant effort continues by local
communities, landholders and natural resource
managers to restore, rehabilitate and manage
river, floodplain and wetland environments
across the MDB.
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Basin catchment
Gigalitres
Basin catchment
Gigalitres
Paroo
0
11 Lachlan
27.10
Warrego
62.09 12 Murrumbidgee
480.05
Condamine–Balonne
7.57
13 Murray *
730.30
Moonie
4.25
14 Ovens
0.12
Border Rivers
1.90 15 Goulburn–Broken
285.57
Gwydir
20.22
16 Campaspe
15.37
Namoi
0
17 Loddon
4.74
Macquarie–Castlereagh
157.25
18 Wimmera–Avoca
0
Barwon–Darling
41.83 19 Eastern Mount Lofty Ranges
0
Lower Darling
6.58
An additional 271 gigalitres was also delivered to the Murray from re-credited return
ﬂows from upstream Commonwealth watering actions undertaken in Victoria.

MAP AND DATA PRODUCED COURTESY OF THE AUSTRALIAN GOVERNMENT DEPARTMENT OF SUSTAINABILITY,
ENVIRONMENT, WATER, POPULATION AND COMMUNITIES AND GEOSCIENCE AUSTRALIA.

RIPRAP, EDITION 35

17

BASIN BENEFITS
Figure 2: The process of making
Commonwealth environmental water available

1. Identify and engage
• Identify watering options in cooperation with
state agencies, environmental water managers,
local groups, landholders and the Environmental
Water Scientiﬁc Advisory Panel.
• Develop options consistent with the Basin Plan
which sets out principles and methods for
identifying environmental assets and
prioritising use.
• Suggestions are welcomed from individuals and
groups within the Basin.

2. Assess
Assess potential watering actions against
published criteria:
• ecological value of the river or wetland,
• expected improvement from watering,
• potential risks of delivering water,
• long-term sustainability of the site,
• cost effectiveness and feasibility.

3. Decide and deliver
• CEWH makes decisions on water use,
• arrangements are made with delivery partners,
including river operators, who then deliver the water,
• water delivery is actively managed throughout
the year based on seasonal, operational and
management conditions.

4. Monitor and report
Monitor the outcomes of watering to identify:
• water was delivered as planned, and immediate
environmental responses,
• short-term environmental outcomes (one year)
• medium- to long-term environmental outcomes
(ﬁve years).
Report on outcomes.

Commonwealth environmental water
holdings provide the opportunity for water
to be used to complement local natural resource
management efforts as shown by the following
two case studies.
The CEWO welcomes feedback and
suggestions on opportunities for local engagement
and options for environmental water use.

FOR FURTHER INFORMATION
www.environment.gov.au/ewater/
Contributing authors: Ryan Breen,
Louise Armstrong, Jane McClintock
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CASE STUDY 1:
A UNIQUE SOUTH AUSTRALIAN INITIATIVE
In October 2012 the CEWH signed an agreement with Nature Foundation
SA Inc. to make available up to 50 gigalitres of environmental water over
ﬁve years to support wetland and ﬂoodplain rehabilitation projects in
the lower Murray River.
Nature Foundation is the ﬁrst non-government organisation to enter
into an agreement to manage the use of Commonwealth environmental
water locally for the beneﬁt of the Basin.
Nature Foundation works in partnership with private landholders,
irrigators, the community, private sector and governments to achieve
environmental beneﬁts for the lower Murray River environment. This
includes supporting wetland and ﬂoodplain sites, often on private land.
The commitment of Commonwealth environmental water is aimed
at enabling Nature Foundation to expand environmental watering sites
throughout the lower Murray River and support the development of new
local partnerships.
Delivery of Commonwealth environmental water by the Nature
Foundation to its ﬁrst site under this agreement started in February 2013.
The action at Clark’s Floodplain in South Australia’s Riverland region aims
to support the recruitment of native vegetation within Black Box and
River Red Gum communities, subsequently providing habitat for native
bird species. This watering action was developed in partnership with an
enthusiastic landholder and complements a range of land management
activities such as weed and pest animal control and salt interception.

The Clark’s Floodplain project used sprinkler irrigation and managed ﬂooding to deliver
water, as well as sandbags and an AquaDam (inﬂatable dam, pictured below) to retain
water in the target areas. Photo courtesy of the Nature Foundation.

DAVID PAPPS | CEWO

Glossy ibis and egret on Merrowie Creek below Cuba Dam, early November 2011.
Photo Paul Packard, NSW OEH.

CASE STUDY 2:
WATERING SUCCESS IN MERROWIE CREEK, NEW SOUTH WALES
The CEWO in collaboration with the New South Wales Ofﬁce of
Environment and Heritage (NSW OEH), State Water Corporation and the
local Lachlan Riverine Working Group, has been working to protect and
restore the wetlands and ﬂoodplains of the lower Lachlan River system
in New South Wales.
Merrowie Creek, which ﬂows westwards from the Lachlan River
near Hillston and terminates in the Lake Tarwong/Chillichil Swamp, is
a nationally important wetland system. It provides habitat for migratory
shorebirds, colonial nesting waterbirds and threatened waterfowl, such
as the Blue-billed Duck (Oxyura australis). A variety of frog species and
reptiles also depend on the wetlands for survival.
Delivery of a combination of Commonwealth environmental water and
New South Wales RiverBank water occurred between June and November
2011. The goal was to prolong the inundation of the Merrowie Creek system
as far as Lake Tarwong, improve the condition of wetland vegetation, and
support habitat for water dependent species.
The collaborative environmental watering action was successful.
Colonial nesting birds including Glossy Ibis and egrets, which had bred in
the Booligal Wetlands (south–east of Merrowie Creek) the previous year,
were observed foraging at Merrowie Creek in early November 2011.
Lake Tarwong had signiﬁcant water in it for the ﬁrst time since 1988.
Extremely stressed River Red Gums and stands of Lignum ﬂowered and
seedlings germinated, indicating the ﬁrst signs of recovery. This watering
action also contributed to maintaining the water levels in Murphys Lake, a
ﬂoodplain depression near Merrowrie Creek, supporting a pair of breeding
White–bellied Sea Eagles, as well as large numbers of cormorants, darters
and some Glossy Ibis.
Heavy rainfall since February 2012 has further inundated the Lachlan
catchment providing unregulated ﬂows which will help the Merrowie Creek
environment. Further environmental watering will be needed to support the
recovery and build ecological resilience in these important wetlands.

RipRap
app
RipRap has been collating and synthesising science
and practice around river management themes for
17 years, presenting this knowledge in ways that
makes it relevant and informative to its audience,
and applicable for policy makers and practitioners
alike.
It has gathered a large following among those
in the Australian community who share interests in
river and riparian management and we’re excited
to announce that we will soon be making RipRap
available to you on your tablet.
While RipRap will continue to primarily be
published as an easy-to-access e-magazine, digital
marketing agency Curate Bee is working with
ARRC to have a RipRap magazine app available to
download from the iOS and Android App Stores
in the coming months. This means quicker access,
the ability to read ofﬂine, and even more engaging
content. We hope to have the RipRap app available
for our next edition — we’re excited and we hope
you are too! Stay up to date with progress by
following us on Facebook.
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A stream of scientific research
MARGRIT BEEMSTER FROM CHARLES STURT UNIVERSITY HIGHLIGHTS NEW RESEARCH WHICH IS ASSESSING
ECOSYSTEM RESPONSES TO ENVIRONMENTAL WATERING IN THE MURRAY–DARLING BASIN.

“Each
organisation
brings different
skills and
experience to
the monitoring
and evaluation
of the water.
It works very
well in informing
us how we can
get the best
environmental
outcomes from
the use of the
water.”
Dr Simon Banks, Assistant
Secretary, Environmental
Water Delivery, CEWO

PHOTOS THROUGHOUT THIS ARTICLE
COURTESY OF THE AUTHOR.
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Innovative research monitoring ecosystem
responses to large-scale environmental flows
will help water managers throughout Australia
make informed decisions and improve the
delivery of environmental water.
Over the past few decades in Australia
there have been significant developments in
environmental flow management, and we have
reached a stage where governments are starting
to implement large-scale environmental watering
programs. Australia is now a world leader in
delivering environmental water to sustain river
and wetland environments. The effective
assessment of these watering actions is vital.
Researchers from Charles Sturt
University (CSU)’s Institute for Land, Water
and Society (ILWS), in collaboration with
partner organisations, are leading two major
projects monitoring and evaluating the
ecosystem responses to environmental
water flows in two Murray–Darling Basin
(MBD) catchments; the Edward–Wakool and
Murrumbidgee River systems. The projects are
funded by the Commonwealth Environmental
Water Office (CEWO) with in-kind
contributions from all partner organisations.
The knowledge generated by these projects
will help water managers in Australia to improve
the delivery of environmental water in the
Edward–Wakool and Murrumbidgee River
systems and will assist other environmental
watering programs in Australia and across the
world. The projects will also inform the Australian
community about what is being achieved for the
environment with environmental water.

Edward–Wakool River system
The Edward–Wakool system comprises
multiple rivers, creeks and wetlands intersected
by a network of irrigation channels. It is
recognised as a significant breeding and
recruitment ground for many aquatic species
and supports a number of endangered and
vulnerable native species including fishes, frogs,
mammals and riparian plants. In the Edward–
Wakool system, environmental water is delivered
as pulsed flows which remain within the river
channels. The focus of assessment is on fish,
in-stream ecosystem health and food webs.
During 2010–11, a number of projects
were undertaken which monitored responses
to environmental water in this system. These
included:
•
A project by CSU in collaboration with the
Murray Catchment Management Authority
(Murray CMA) investigating natural flow
pulses which triggered blackwater events.
(A blackwater event occurs when carbon
from the floodplain and river banks triggers
bacterial activity which severely reduces
oxygen levels in the water.)
•
Monitoring of blackwater by other
organisations and the community.
•
A study of fish movement by Murray CMA
and the New South Wales Department of
Primary Industries (NSW DPI) Fisheries.
•
A CSU honours study on frog responses to
in-channel flow pulses.

CARING FOR CONTENT
OF THE ARRC
In 2010–11, some of the environmental water for the Edward–Wakool
was delivered through the irrigation escape infrastructure to provide refuge
habitats (containing higher levels of dissolved oxygen) for fish populations,
particularly Murray Cod. The research showed environmental watering was
effective. Outside the refuges the Murray CMA, NSW DPI Fisheries and
local community reported fish kills.
In the following year, monitoring of environmental water in the
Edward–Wakool was further expanded with CSU collaborating with the
Murray CMA and Monash University to monitor water chemistry, algae,
micro crustaceans (zooplankton), invertebrates (water bugs), frogs and fish
and ecosystem processes such as whole river metabolism and leaf litter
decomposition. The Murray CMA and NSW DPI Fisheries continued
their fish movement studies.
The current monitoring of environmental watering in the Edward–
Wakool system has taken a coordinated approach, consolidating a range
of assessment methods into the one ecosystem-based monitoring program.
For 2012–13 the monitoring of ecosystem responses to environmental
watering is assessing a broad suite of indicators under the one project,
being led by Associate Professor Watts from CSU. Project partners are CSU,
NSW DPI Fisheries, Murray CMA, Monash University, the Wakool River
Association and the NSW Office of Environment and Heritage (OEH).
Collectively the team is monitoring water chemistry (such as carbon,
nutrients), algae, phytoplankton (from which estimates of whole-stream
metabolism can be made), zooplankton, frogs, fish spawning, recruitment
and diversity as well as fish movement and habitat assessment.
In the Edward–Wakool system there are multiple rivers of similar size
geographically close to each other. As all of the rivers can be regulated,
some are receiving environmental water, while others are not. This means
the benefits of environmental water can be evaluated by comparison with
control rivers.

At Curate Bee we know the amount of content
you are exposed to every single day and we are
taking the necessary steps to ensure that when
we communicate with you, we provide only
relevant content so you do not need to spend
time ﬁltering through clutter.
Our curators have been sourcing content
from hundreds of news sites to get the most
valuable news, stories and media to you.
A dedicated channel that curates content
speciﬁc for ARRC readers and followers will
soon be available on a ‘top of the market’
news curation service known as Newzsocial.
Newzsocial is a next generation iPad social
news magazine and is at the intersection
of mainstream media, social streaming and
content curation. What this means for our
followers, who often ﬁnd themselves short
on time, is that they will have the opportunity
to catch up on all ARRC updates together with
other news updates and content that directly
relates to you.
By following a number of channels,
including the ARRC channel on Newzsocial, the
items of interest you receive will be completely
tailored, therefore minimising irrelevant
content exposure. For more information on
when the ARRC channel will be available on
Newzsocial, like the ARRC and Curate Bee
on Facebook and follow us on Twitter.

http://curatebee.com.au/
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“When you think
about knowledge
giving us power,
really it is the
sharing of
knowledge that
gives us power;
by sharing
knowledge
across different
organisations
and groups, and
by drawing on
historical data we
are going to get
better outcomes
for the wetlands
and river.”
Dr Skye Wassens, CSU

Murrumbidgee River system
The Murrumbidgee River system is a major
river system in the MDB of high economic,
social and ecological importance. It begins
as a fast-flowing cobble system in a high rainfall
area and ends as a large inland delta system
in the semi-arid parts of New South Wales.
The Murrumbidgee River channel delivers
irrigation water to the Murrumbidgee and
Coleambally Irrigation Areas as well as to the
towns along its length including Wagga Wagga
and Hay. Although it has been highly regulated,
it still has populations of endangered species
such as Trout Cod and Silver Perch. The midMurrumbidgee and the Lowbidgee wetlands
are listed as nationally significant wetlands
with critical habitat for waterbird breeding, and
endangered frogs such as the Southern Bell Frog.
Leader of the current monitoring project
Dr Skye Wassens (CSU) first started researching
frogs in the semi-arid parts of New South Wales,
including the Lowbidgee in 2000. In 2007 she
helped develop an emergency watering strategy
to save the endangered Southern Bell Frog at
risk of extinction due to altered flooding regimes
in the Lowbidgee floodplains. Continued
monitoring has proven this strategy was effective.
Since then, the NSW OEH funded further
research identifying the relationships between the
response of fish, waterbirds and frogs following
environmental flows and natural flood events in
the Lowbidgee. In 2011–12, CEWO provided
funding to continue and expand the monitoring
in response to environmental watering to
include a wider range of indicators.
Further CEWO funding for 2012–13 has
broadened the mid-Murrumbidgee project to
include monitoring of the response to environmental watering in the Lowbidgee wetlands, as
well as the Western Lakes, and the Murrumbidgee
River itself from below Burrinjuck and Blowering
Dams to its end. Partners in the Murrumbidgee
project are the CSU, NSW OEH, University of
New South Wales, Murrumbidgee CMA and
the NSW DPI Fisheries.

The researchers are monitoring the
responses of larval fish and recruitment, water
quality, zooplankton, carbon nutrients in the
Murrumbidgee River channel; and vegetation,
frogs, waterbirds, carbon, nutrients, tadpoles
and fish, zooplankton, and water quality in
the connected wetlands.
The project is the first in Australia to assess
wetland and in-stream responses across an entire
river system. This large integrated project enables
the researchers to look at a broader range of
ecosystem responses. As it builds on past projects,
the research team is able to consider long-term
responses to individual flows with data collected
throughout the year, rather than just spring and
summer. This is important because short-term
responses following environmental releases can
often appear idiosyncratic, especially in systems
that have experienced high levels of modification
and disturbance. By collecting data across all
seasons, over repeat years and considering
multiple levels of the food chain the findings will
inform a more detailed management approach.

Informed river management
Monitoring and evaluation are vital for
informing decision making and environmental
water delivery. The projects in the Edward–
Wakool and Murrumbidgee systems have already
helped managers make better decisions on the
delivery of environmental water. For example,
in 2011–12, when there was a blackwater event
in the Edward–Wakool system, researchers,
landholders and regional government agency
staff were able to provide information to the
water managers who were able to maintain
oxygen levels above critical thresholds in part
of the river system by delivering environmental
water through irrigation escapes. In 2012–13,
fortnightly updates on the extent and timing
of cod spawning have contributed to decisions
relating to the duration of an environmental
flow pulse.

FOR FURTHER INFORMATION
Margrit Beemster, Communications Coordinator ILWS — mbeemster@csu.edu.au
Associate Professor Robyn Watts — rwatts@csu.edu.au
Dr Skye Wassens — swassens@csu.edu.au
www.environment.gov.au/ewater/publications/ecosystem-response-monitoring-natural-edward-wakool.html
www.environment.gov.au/ewater/southern/murray/ﬁsh-monitoring-project.html
www.environment.gov.au/ewater/publications/index.html#monitoring

22

RIPRAP, EDITION 35

More water for Victorian rivers
ADAM MILLER FROM THE VICTORIAN ENVIRONMENTAL WATER HOLDER DETAILS
SOME OF THE SUCCESSES OF THE ENVIRONMENTAL WATERING PROGRAM IN
VICTORIA DURING 2011–12.

Environmental water was delivered to 35 river
reaches and 10 wetlands in Victoria during
2011–12, providing valuable flows to support
and restore animal and plant communities.
The successful delivery of environmental flows
improved water quality levels and aquatic habitat
resulting in increased numbers of waterbirds, fish
and other animals at waterways across Victoria.

Newly released

FOR FURTHER INFORMATION
Adam Miller — adam.miller@vewh.vic.gov.au
Reﬂections – environmental watering in Victoria 2011–12 is available from
www.vewh.vic.gov.au or by contacting the VEWH ofﬁce on 03 9637 8951

Protecting water environments
The Victorian Environmental Water Holder
(VEWH) was officially established in July 2011
to manage Victoria’s environmental entitlements
(the Water Holdings). Its mission is to manage
these Water Holdings, in cooperation with
partners, to improve the environmental health of
rivers, wetlands and floodplains. In undertaking
its aims, the VEWH:
•
makes decisions on the most effective use of
the Water Holdings, including use, carry over
and trade,
•
liaises with other water holders to ensure
coordinated use of all sources of
environmental water,
•
authorises waterway managers to implement
watering decisions,
•
commissions targeted projects to
demonstrate ecological outcomes of
environmental watering at key sites,
•
publicly communicates environmental
watering decisions and outcomes.
The VEWH works closely with its key delivery
partners — catchment management authorities
and Melbourne Water (waterway managers) —
to plan for and deliver environmental water.
It also works with water holders, including the
Commonwealth Environmental Water Holder
(CEWH) and partners in The Living Murray
program.
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WATER FOR VICTORIA

Moorabool River: Before
summer fresh in January
2012 (left) and after June
2012 (right). Photos Mark
Schultz, Corangamite CMA.

Wimmera River at Jeparit
Museum: Before in 2009
(left) and after in 2012
(right). Photos Wimmera
CMA.

Environmental watering in 2011–12

Fish and animals return

Across Victoria, the VEWH authorises waterway managers to implement
priority watering actions — flow components which have been identified
as priorities for delivery in a particular system and year. Of these planned
priority watering actions, 92 per cent were fully or partially achieved by a
combination of managed releases from the Water Holdings stored in water
storages and natural flows.
In 2011–12, more than 516,000 megalitres of environmental water was
delivered across Victoria. This allowed many systems throughout Victoria to
continue their road to environmental recovery after more than a decade of
the most severe drought in recorded history.
In southern Victoria, Melbourne Water delivered the first environmental
water release to the Yarra system since its entitlement was created in 2006.
The first two water releases took place in September 2011 and February
2012. Combined with natural high flows, the environmental releases
resulted in high water quality levels and an improvement in aquatic
habitat supporting a wide range of bird and frog species. Natural flows also
resulted in the successful upstream migration of the Australian Grayling
fish, with juveniles being observed in Warrandyte, near Melbourne.
Several systems in southern Victoria required no active watering, as
priority watering actions were met by natural flows. In the West Gippsland
Catchment Management Authority (CMA) region, the lower Latrobe
wetlands saw significant natural overbank flooding from the Latrobe
River providing quality conditions for plant and animal species to thrive
to levels not seen in about 15 years. The Heart Morass wetland provided
a productive food bowl for thousands of waterbirds, including every duck
species recorded in Victoria, while the Dowd Morass wetland was home
to a breeding colony of Royal Spoonbills for the first time in 10 years.

It was a year of discovery in western Victoria
with a number of animal species returning to
river systems. In the Glenelg Hopkins CMA
region, Estuary Perch were discovered in the
upper reaches of the Glenelg River for the
first time in 60 years. Increased flows, improved
water quality, and the reconnection of pools
are likely to have encouraged the upstream
movement of this species.
In the Wimmera CMA region, consistent
flows provided by environmental water
releases and passing flows, combined with
flood events in 2010 and early 2011, led
to the most sustained flows in the Wimmera
system in more than 10 years. This resulted
in significant improvements in river health,
including improved water quality and
increased diversity and abundance of
macroinvertebrates, fish and plants. The
exciting discovery of four individual Platypus
in the middle reaches of the MacKenzie River
for the first time since 2005, indicates they are
starting to recolonise the river reach after all
but disappearing during the drought.
More than 460,000 megalitres of
environmental water was released in many
rivers and wetlands across northern Victoria.
This includes water from the VEWH, The
Living Murray program and the CEWH.
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colony at Dowd Morass, Victoria. Photo courtesy of VEWH.
Inset photo Duncan McCaskill
[WC].

Let’s make
it personal
PUSH MARKETING IS A TERM THAT MEANS
BRANDS ADVERTISE AND CONSUMERS LOOK,
LISTEN AND REACT. BUT SOCIAL MEDIA HAS
CHANGED ALL OF THIS.

One wetland of note which received water was Lake Carpul, located
in the Mallee CMA region along the River Murray. Lake Carpul was in
desperate need of water as the last time it had been inundated was in
1993 as a result of River Murray flooding. Despite the long absence of
water, Lake Carpul was identified as being in the best condition of all sites
assessed in the 2009 index of wetland condition survey. This lack of water
was causing deterioration of the vegetation condition and without the
pumping of 2062 megalitres of environmental water, the condition
of the lake would have continued to decline.
There was an amazing response from waterbirds as a result of the
watering, with more than 20 species recorded, including the Blue-Billed
Duck and Great Egret. The surrounding area also benefited, with the
River Red Gums and Black Box trees flourishing.
Unfortunately, in the Goulburn Broken CMA region, extensive
natural flooding in February–March 2012 resulted in the lower Broken
Creek’s environmental water requirements being met without managed
environmental releases. But the natural flows resulted in a blackwater event,
with very low dissolved oxygen levels and some fish deaths. Following the
blackwater event, environmental flows were released to improve water
quality and habitat conditions for surviving native fish.
The Campaspe system in the North Central CMA region received
its largest ever environment water release. These high flows enabled native
fish to move in the system, creating opportunities for feeding and breeding.
The release of 1200 megalitres a day for four days was possible due to
the collaboration of partners in The Living Murray program, the
Commonwealth Environmental Water Office and the VEWH.
The VEWH and waterway managers have released a new booklet
Reflections – environmental watering in Victoria 2011–12. Reflections is the
VEWH’s first annual watering booklet, looking back on the environmental
watering program and telling the story of environmental watering in
19 river and wetland systems across Victoria.

It’s allowed real connection between brands and
their audiences, and businesses should avoid
using the same push marketing tactics on social
media they have for years on other channels.
With social media, there is the expectation
of honesty, respect and direct communication.
Talk to your audience and treat them like
human beings — not inboxes, twitter handles,
or opportunities to get Facebook ‘likes’. Connect
with them through content that matters and
give them value.
Ask questions, get input and learn from your
customers. Be transparent and handle difﬁcult
situations with respect, don’t just ignore them.
And lastly, take your time. Don’t rush to get
1000 Twitter followers or 10,000 Facebook
fans. Achieve them over time with your efforts
so you’ll gain more friends, fans and followers
who really care about your brand in the long
term. Success in social media is not about
accumulation; it’s about meaningful interactions.

FOR FURTHER INFORMATION
Sandra D’Souza — sandra@curatebee.com
http://curatebee.com.au
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Pages 26–43 are provided
by the Murray–Darling
Basin Authority.

The theory
behind the
Basin Plan

During implementation of the Murray–
Darling Basin Plan, the Murray–Darling
Basin Authority, along with other water and
river managers, will have the opportunity and
requirement to manage adaptively. Adaptive
management is defined in the Basin Plan, and
principles of adaptive management, including
consultation, communication, and monitoring
and evaluation are key components of the Plan.

BILL JOHNSON FROM THE MURRAY–DARLING

Focus on people

BASIN AUTHORITY EXPLAINS THE THEORY OF
ADAPTIVE MANAGEMENT AND HOW IT HAS
BEEN INCORPORATED INTO THE MURRAY–
DARLING BASIN PLAN.

Wonga Wetlands on the
Murray River, near Albury,
2011. Photo Brayden Dykes
© MDBA.
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People and political processes are central
to adaptive management. One of the reasons
adaptive management is difficult to apply, is
that attempts to manage adaptively focus too
much on technical and process features, and
give insufficient attention to people and politics.
Managed systems are complex social-ecological
systems, requiring understanding and integration
of social and political sciences, economics, and
ecology. Adaptive management is most likely to
be effective when the technical features are
carried out in an environment of strong
institutional, social and political support.

BILL JOHNSON | THE BASIN PLAN

In his book, Adaptive Environmental Assessment and Management,
published in 1978, C.S. Holling reflected on the fundamental changes
required for adaptive management, questioning whether it is even possible
in the face of realities of management institutions. He observed humans
need to view the world in a new way, recognising adaptiveness and
responsiveness rather than predictability and control. Viewing uncertainty
as an asset rather than something to be reduced or eliminated. Holling
said that this “… must be woven into the mental framework of those
who deal in policy”.

Adaptive management theory
Some of the key principles of adaptive management include:
•
Long-term objectives at different scales are essential.
•
Objectives must be accepted between groups and across management
scales and levels.
•
The results of management decisions should be assessed against
clear objectives, through a direct feedback loop. This is often
overlooked in practice.
•
Legislation and policy that supports adaptive management is
necessary, but not sufficient on its own.
•
Institutions must be responsive to the dynamics and scales of
complex systems. They should have integrated, forward looking
policies, and support experimentation.
•
Research must be integrated to help develop useful models of
complex systems.
•
Science should question fundamental assumptions of management
policies and actions.
•
The length of commitment needed for adaptive management may
be longer than institutional or political cycles.
•
It is important not to enter a relationship thinking all the transfer off
expertise will be from ‘experts’ to locals. Local ecological knowledgee
can be an important part of managing, and may not have been
derived through conventional scientific techniques.

Shopping trip
Welcome to the Australian River Restoration
Centre shop! Our range of products include
RipRap, the Rivers of Carbon technical guideline
and the True Tales of the Trout Cod booklets
and DVD containing interviews with Will
Trueman.
The True Tales project was an initiative
of the Native Fish Strategy of the MDBA
and there are eight river history booklets
available for the following catchment areas:
Central Murray, Goulburn, Lachlan, Mitta
Mitta, Murrumbidgee, Ovens, Riverina and
Upper Murray.
To complete the set, there is the native
ﬁsh history species book (84 pages) that
provides a summary of information collected
during the project about Trout Cod, Murray
Cod, Golden Perch, Catﬁsh and others.
Publication costs are as low as possible
and postage is included. If you would like
to order more than ﬁve copies of any product
contact the ARRC, as discounts apply. We will
be adding more p
products
od
as they become
av
a
available,
va
aiila e so pop into the shop
ne
n
next
ext
xt time you’re visiting
tth
the
h ARRC website.

Managing the Basin adaptively
The principles and aims of adaptive management are woven into the
framework of the Murray–Darling Basin Plan. This includes:
1. Setting clear objectives.
2. Linking knowledge (including local knowledge), management
evaluation, and feedback.
3. Identifying and testing uncertainties.
4. Using management as a tool to learn about the relevant system
and change its management.
5. Improving knowledge.
6. Having regard to the social, economic and technical aspects
of management.

FOR FURTHER INFORMATION
Bill Johnson — bill.johnson@mdba.gov.au
www.mdba.gov.au

www.arrc.com.au
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The recently adopted Environmental Watering
Plan takes a flexible approach, allowing water
managers in the Murray–Darling Basin to
respond to emerging ecosystem risks and
incorporate new knowledge into their operations.
Managing environmental water in the Basin
means dealing with uncertainty. Uncertainty
arises from the variability of the climate —
from place to place, from year to year and
over the decades. Uncertainty also arises from
the diversity of the Basin’s water-dependent
ecosystems, the data currently available, and
the complexity of how and over what timescale
ecosystems will respond to improved watering
regimes. Different priorities within and between
communities adds a further layer of complexity.

Adaptive plan

HATCHING
A PLAN FOR
THE BASIN
DAVID BELL AND BILL JOHNSON EXPLAIN
THE PROCESS TAKEN IN DEVELOPING THE
ENVIRONMENTAL WATERING PLAN FOR
THE MURRAY–DARLING BASIN.
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In preparing the Environmental Watering Plan
(EWP), the Murray–Darling Basin Authority
(MDBA) consulted with scientists, practitioners
and the community. The EWP avoids being
prescriptive about what must be watered,
where and when. Instead, the EWP is a
legislated framework for decision making
that will adapt to changing climatic conditions,
new information and better ways of operating.
The EWP has a strong emphasis on setting
overall objectives, and establishing principles and
standards to guide the use of environmental
water. The framework includes long-term
planning and annual prioritisation at Basin
and regional scales. The framework also sets out
arrangements for consultation and collaboration.
Local input is required to ensure the best
‘on-the-ground’ information will be used. This
is a practical way to reduce uncertainty and
improve data availability, as well as enabling the
MDBA to develop a deeper understanding of
ecosystems and their response to environmental
watering. This local knowledge will operate
within an overall Basin-scale perspective to
ensure the Basin is managed as a whole.
The EWP will be reviewed periodically
to ensure best practices and knowledge is
being used. These reviews are built into the
Basin Plan and are consistent with the practice
of adaptive management. As the EWP is
implemented, a greater understanding of the
needs of ecosystems, communities and water
managers will emerge, and the approach will be
continuously refined to enhance environmental
water management.

“During consultation
on the Basin Plan
there was some
criticism that the
Environmental
Watering Plan did
not spell out exactly
which environmental
sites will be watered
and when. But such
a rigid approach
would be illogical
and wasteful …
It is much better
to remain ﬂexible
and be ready to seize
opportunities as they
present themselves.”
Chair of the Murray–
Darling Basin Authority,
Craig Knowles.

Kinnairds Swamp, Victoria,
July 2008. Photo Arthur
Mostead © MDBA.
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SPATIAL SCALE

RipRap is
back! again!

Adaptive

Have regard
consistent with
any speciﬁcs

Basin annual
watering
priorities

Have regard

Adaptive

Consistent with

Adaptive

Regional longterm watering
plans
Consistent with

TEMPORAL SCALE

Basin-wide
watering
strategy

Regional annual
watering
priorities

Thank you to everyone who participated
in the RipRap survey and provided us with
the reassurance that RipRap is valued and
a great way of sharing information. It was
a real boost to the team to get such good
feedback, and while some of you would like
us to produce RipRap every three months
(sorry we don’t yet have the resources!)
most of you are happy with a RipRap
coming out within every six months.

Watering
AUTHORITY RESPONSIBLE

STATES RESPONSIBLE

CONSULTATION REQUIREMENTS NOT SHOWN

Copies still available — www.arrc.com.au
Discounts apply for more than ﬁve copies.

The Environmental Management Framework

Basin-wide approach
The MDBA decided an integrated approach to management of the
Basin’s water resources was necessary and should be guided by a Basinwide environmental watering strategy as well as annual watering priorities.
The strategy will influence environmental watering at the Basin scale over
the long term, by guiding the development of water resource plans and
the future operations of the Commonwealth Environmental Water Holder.
The strategy will not replace existing planning arrangements, instead,
it will operate at a broader scale to complement and guide them.
Annual environmental watering priorities will operate in a similar
way to the strategy, driving region-specific environmental watering towards
Basin-scale ecological outcomes. Water-dependent ecosystems, ecosystem
functions, flows (including water quality), and risks and threats are all in
scope for the priorities. The first annual priorities will focus on areas where
the risk of not achieving EWP objectives is highest, enabling the Authority
to introduce the new arrangements gradually.

More than just water
How the water is used, how the rivers are operated, and how the
Basin’s landscapes are managed, all contribute to ecosystem health.
The EWP recognises water-dependent ecosystems are also influenced
by other natural resource management actions, including pest, grazing
and fire management. Land managers will have big impacts on the extent
to which flows can achieve maximum benefits. A healthy working Basin
will depend on all these aspects being managed carefully.

FOR FURTHER INFORMATION
David Bell — david.bell@mdba.gov.au
Bill Johnson — bill.johnson@mdba.gov.au

We will do our very best to keep RipRap
on track with at least two editions per year
(we might get three in this year depending
on sponsorship). We will also keep the mix
of science, practice, great photos and articles
from around Australia.
Do you have a theme you would like
RipRap to cover? If so, we would love to hear
from you! Each edition relies on sponsorship,
so when groups with common interests get
together the costs can be shared, as with this
edition. When thinking about a future theme
consider other organisations who might be
interested in co-sponsoring an edition.
Send your thoughts and ideas to Siwan.

enquiries@arrc.com.au
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Young darters in the Barmah–Millewa Forest on the New South Wales
and Victorian border. The bird breeding events in 2010–11 and 2011–12
would not have been as successful without environmental water
delivery. Photo Keith Ward, Goulburn Broken CMA.

Six of the best
The Living Murray program is making
significant progress in restoring the health
of the Murray River by returning water to the
environment and building water management
structures which will help deliver water more
efficiently.
The program was established prior to
the Basin Plan due to compelling evidence that
the health of the Murray River and surrounding
environment was in serious decline. The aim
is to maintain the health of six icon sites along
the Murray River.
The program has delivered environmental
water through the longest drought in recorded
history, and during two years of close to record
rainfall. The icon sites have not fully recovered,
but monitoring has shown they have begun
to improve in response to both natural and
managed flooding, with areas which were
provided with environmental water during
the drought showing increased improvement.

DENISE FOWLER FROM THE MURRAY–DARLING BASIN AUTHORITY HIGHLIGHTS
THE RECENT OUTCOMES OF THE LIVING MURRAY PROGRAM WHICH IS FOCUSED
ON MAINTAINING THE HEALTH OF SIX ICON SITES ALONG THE MURRAY RIVER.
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DENISE FOWLER | THE LIVING MURRAY

The success of The Living Murray
program is underpinned by a strong
collaborative approach which involves working
closely with local communities, including
Aboriginal groups, as well as with land
managers, catchment management authorities,
water authorities and construction companies.

Watering during drought
The Living Murray program began to recover
water in 2007, part way through the drought.
By then there were clear signs the icon sites
were suffering. Key wetlands were dry and
many species were relying on drought refuges
to survive. Some systems came close to collapse
and emergency watering was required to avoid
local extinctions.
In dry times environmental watering focuses
on survival. The key reasons for watering during
extreme dry periods are to:
•
avoid the critical loss of threatened species
and communities,
•
protect drought refuges to allow plants and
animals to recolonise following drought,
•
avoid irreversible damage or catastrophic
events.
Environmental watering helped to maintain
drought refuges, prevent acidification and
further loss of River Red Gums. For example,
watering at the Lower Lakes was aimed at
maintaining water levels in Lake Albert to
prevent acidification and the loss of species
such as the endangered Murray Hardyhead
and Congolli.
The icon sites are monitored to assess
their ecological health over time and ensure
environmental water is used effectively.
Monitoring can also highlight when emergency
measures could be needed, such as providing
breeding opportunities for Congolli in South
Australia.

WATERING FOR BIRDS HELPS BREEDING
Colonial nesting waterbirds such as egrets, spoonbills and ibis
gather together to breed and nest. They source their food from aquatic
environments and are vulnerable to sudden drops in water level beneath
their nests. Egrets and particularly ibis, only breed successfully when
their nests are surrounded by water. If the level of water surrounding the
nests drops before the young birds ﬂedge, the adult birds often abandon
their nests, even if the eggs have hatched. This could be because falling
water levels indicate to the birds that food resources will decline and
there will not be enough food to feed the young birds.
Waterbirds are more sensitive to drops in water levels during
the early stages of breeding, and some species are more sensitive than
others. Slow breeders such as Eastern Great Egrets require a minimum
inundation period of 10 months.
Environmental watering in 2010–11 at the Barmah–Millewa Forest
icon site, on the Victoria and New South Wales border, was timed to
maintain key bird-breeding areas during periods of lower ﬂows in
between pulses of higher ﬂows. This resulted in one of the best colonial
bird breeding events in the forest for more than 60 years. This water also
provided beneﬁts for ﬁsh and wetland vegetation, as well as contributing
ﬂows to the Lower Lakes, Coorong and Murray Mouth icon site.
In 2011–12 environmental water was again used to maintain water
levels for nesting waterbirds. Consecutive years of successful breeding is
critical for colonial waterbird populations which had declined after years
of drought. In both years environmental water was used to complement
higher ﬂows by ﬁlling in the troughs. Before the dams were constructed
these forests would have naturally ﬂooded for periods long enough for
bird breeding. Environmental water was not used to create unnatural
events and outcomes, but to partly reinstate natural ﬂow patterns.

Fairy Terns (an endangered species) nested at the Coorong, South Australia,
in 2012 for the ﬁrst time since 2006. Photo Pamela Gillen.

Watering in wet years
In wet years the focus of environmental watering
is to improve the health of the icon sites, and to
build resilience. Key reasons for watering are to:
•
improve the health and resilience of aquatic
ecosystems,
•
enable growth, reproduction and large-scale
recruitment for a diverse range of plants
and animals,
•
contribute to overbank flows to connect the
river to the floodplain and ensure processes
such as carbon cycling, continue. Carbon is
an important food source in river systems.
RIPRAP, EDITION 35
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SIX OF THE BEST

“ As ecologists
we don’t see
the construction
program as
the end of
the program;
it’s really the
beginning.
Once the
works are in
place, that’s
when the
really exciting
ecological
responses
will start.”
Lee Baumgartner,
freshwater ﬁsh ecologist,
NSW Department of
Primary Industries

After years of drought, the high inflows and
environmental watering over the past two years
have significantly benefitted the icon sites.
Some wetlands and lakes were inundated for
the first time in 10 years. Other sites such as
the Lower Lakes, Coorong and Murray Mouth
are taking longer to recover.

Building structures
Along with recovering water, the other main
component of The Living Murray program
is the works and measures program. It aims
to build major water management structures to
enable water delivery to the icon sites in a way
which maximises the environmental benefits.
These projects are the largest of their type in
Australia and their design and construction
has required significant innovation.
In 2013, the final four fishways in the
Sea to Hume Dam Fishway program will be
completed, as well as major structures at Hattah
Lakes, Chowilla Floodplain and Gunbower–
Koondrook–Perricoota icon sites along the
Murray River. This will allow water managers
to deliver environmental water to the floodplains
with smaller volumes and to use the water more
efficiently.

The Living Murray is a joint initiative funded by the
New South Wales, Victorian, South Australian, Australian

Watering multiple sites

PHOTOS BELOW DAVID KLEINERT.

Watering multiple sites in this way requires
coordination between environmental water
holders, river operators, water authorities
and catchment management authorities. This
coordination has grown considerably over the
past five years. All environmental water holders
regularly meet to talk to river operators about
how to achieve the best outcomes.
There are a number of challenges in
delivering environmental water to multiple
sites. As a result The Living Murray program
has carried out several trials to see how the
environmental benefits of delivering the water
can be maximised. The trials have delivered
significant volumes of water and provided
environmental benefits to sites along the
Murray, Goulburn, Campaspe, Loddon and the
Murrumbidgee Rivers, with ultimate delivery to
the Lower Lakes, Coorong and Murray Mouth.
During the next few years, with the
completion of the water management structures,
the implementation of the Basin Plan, and
delivery of environmental water acquired
through The Living Murray program, the
health of one of Australia’s most significant
rivers should continue to improve.

Environmental watering aims to achieve
the highest environmental benefit from the
water delivered. Using environmental water at
a number of sites throughout the Murray River
system, for example using water again further
downstream when it has returned to the river
from a wetland, achieves maximum benefit.

Capital Territory and Commonwealth governments,
coordinated by the Murray–Darling Basin Authority.

FOR FURTHER INFORMATION
Denise Fowler — denise.fowler@mdba.gov.au
www.mdba.gov.au

Reed beds swamp, Barmah–Millewa after environmental watering. Inset: the same area before watering.

“If you flush the floodplain frequently you’re feeding
the river and it’s a very healthy river because of the
floodplain connection. If you divorce the floodplain
from rivers you can starve the river of energy.”
Keith Ward, Goulburn Broken Catchment Management Authority
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The results are in
LUCY PATERSON FROM THE MURRAY–DARLING BASIN
AUTHORITY EXPLAINS THE RESULTS OF AN EXTENSIVE
SURVEY AIMED AT ASSESSING CURRENT METHODS
OF MANAGING ENVIRONMENTAL WATER.

Measuring lignum
at Narran Lakes, New
South Wales. Photo
Arthur Mostead © MDBA.

A review of the current approaches used to
manage water for environmental benefit across
the Murray–Darling Basin has highlighted
a range of outcomes that will better inform
implementation of the Environmental Watering
Plan (EWP).
In late 2011 the Murray–Darling Basin
Authority (MDBA) commissioned Alluvium
Consulting to carry out a review of current
environmental water management practices.
The focus of the review was to identify best
practice examples and lessons learned from
regions across the Basin. More than 130 policy
makers, managers, scientists and community
representatives participated in the project
through a series of online surveys, interviews
and workshops.

Key ﬁndings
Five key themes were identified.

1. Positive relationships inﬂuencing outcomes
Throughout the Basin, the strength of
relationships between agencies, industry
and community was identified as having
a direct impact on the level of success in
managing water for environmental benefit.
Successful relationships are a product of time,
communication, trust and preparedness to seek
consensus solutions. In many instances, the
development of a clear vision and agreed
objectives for environmental outcomes came
from mature relationships, where the issues were
shared, debated and compromises negotiated
(see Booligal Wetlands case study, page 35).

2. Understanding, agreement and
management of acceptable risk
One risk-related issue which was consistently
raised by participants was concern that rules
preventing floodplain inundation affected the
ability to efficiently and effectively provide water
for environmental benefit in regulated rivers.
People said such rules needed to be removed,
and an approach used that acknowledges and
accepts uncertainty and risk, while still being
focused on better outcomes.

FOR FURTHER INFORMATION
Lucy Paterson — lucy.paterson@mdba.gov.au
The full report will be available shortly at www.mdba.gov.au
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THE RESULTS ARE IN

Knowledge
Queensland

Condamine–Balonne

Queensland/New South Wales

Parrego and Warrego

Queensland/New South Wales

Border Rivers and Moonie

New South Wales

Gwydir

New South Wales

Namoi

New South Wales

Barwon–Darling

New South Wales

Macquarie–Castlereagh

New South Wales

Lachlan

New South Wales

Murrumbidgee

Victoria

Ovens and Kiewa

Victoria

Goulburn–Broken

Victoria

Campaspe and Loddon

Victoria

Wimmera–Avoca

South Australia/Victoria/
New South Wales

Murray system
(including Lower Darling)

Policy

Planning

Operations

Monitoring

Governance

Figure 1: This ﬁgure presents a high level view of the data captured from the online surveys in relation to the adaptive management cycle. The scale of green to
red presents the scale from being ‘very good’ (dark green ■■■■■■■■■■) to ‘very poor’ (dark red ■■■■■■■■■■). The ﬁgure demonstrates that monitoring is
considered the weakest aspect of managing water for environmental beneﬁt across the Basin, while knowledge and governance are considered good.

3. Data informing decision making

Finding the right path for implementation

Monitoring and data collection is considered a
major challenge in the majority of catchments
across the Basin (Figure 1), particularly the
integration and clarity on why the data is
being collected. Key issues included better
coordination and communication of monitoring
needs, and the use of real time information.

The findings of this project relate to a range of work being carried out
by the MDBA and other organisations, including the implementation
of the EWP. Key aspects of the implementation of the EWP include:
•
The development of Basin Annual Environmental Watering Priorities
by June 2013.
•
Building on existing knowledge and experience and bringing a
Basin-scale view to environmental water priority setting.
•
The development of a Basin Watering Strategy by December 2014.
•
A collaborative approach to planning which will involve local,
regional and Basin-wide partnerships.
The MDBA is currently looking at ways to incorporate the project
findings into effective implementation of the EWP. There are already
a range of projects and activities underway which will help address
some of the key findings including:
•
Communication and engagement with stakeholders regarding
the development of Basin Annual Watering Priorities and the
Basin Environmental Watering Strategy through new and already
established relationships between industry, state agencies and
regional communities.
•
Development of an annual consultation approach to review Basin
Annual Environmental Watering Priorities starting in July 2013.
•
Development of a Basin Watering Strategy which will provide a
framework for an integrated approach to allow the best possible
environmental outcomes on Basin-wide, regional and local levels.
•
Development of a Constraints Management Strategy to assist in
the management of risk associated with overbank flows.

4. A better management approach
A consistent message was the provision of a
water regime, and not just the delivery of a water
event. A water regime underpinned by flexibility
in management arrangements, a mix of different
types of water and management options, and
greater clarity of delivery requirements and
constraints was more likely to achieve successful
outcomes.

5. Ensuring roles and responsibilities are clear
Being able to participate in making key decisions
was highlighted as a factor in the success
of many environmental watering programs.
Effective engagement with the local community
along with input from technical experts returned
better results. Stakeholders who understand the
social, economic and environmental drivers
within which the valley operates were best
placed to inform decisions.
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Jim Crossley of Toms Lake Station at the block bank
on the Merrimajeel Creek in the Booligal Wetlands,
New South Wales. Photo Paul Packard, NSW OEH.

CASE STUDY

Booligal Wetlands watering
Success factor: Community participation in implementation
Outcome: Successful large mixed species waterbird breeding
Catchment: Lachlan
The large mixed species waterbird breeding colony which established
and completed breeding successfully in 2010–11 in the Booligal Wetlands,
New South Wales, was achieved because of local vigilance, responsive
management, effective advisory support and almost daily supervision
of local and catchment conditions.
Unique to this case study was the role local landholders played
by providing daily advice on conditions which in turn allowed the
environmental water manager to adjust ﬂow rates accordingly with
State Water to ensure the young birds ﬂedged.
More broadly it demonstrated there is a strong community
ownership of ﬂow management in the Lachlan Valley and has been
for several decades. Community members have taken an active role
in seeking opportunities to gain good environmental outcomes.

Ecology of Australian Freshwater Fishes
is a new book edited by Paul Humphries
and Keith Walker due to be published in
April 2013 by CSIRO Publishing. This edited
volume reviews the past and present
understanding of the ecology of Australian
freshwater ﬁshes. It compares patterns and
processes in Australia with those on other
continents, discusses the local relevance
of ecological models from the northern
hemisphere, and considers how best to
manage our species and their habitats
in the face of current and future threats.
In view of these challenges, the need for
redress is urgent. The chapters are written
by some of our foremost researchers and
managers, developing themes that underpin
our knowledge of the ecology, conservation
and management of ﬁsh and ﬁsh habitats.
To order your copy:
CSIRO Publishing 1300 788 000 (local call)
http://www.publish.csiro.au/pid/6515.htm
ISBN: 978064309743, 440 pages.

LITTLE PIED CORMORANT. PHOTO KEITH WARD © MDBA.
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Variable flow trials in the Mitta Mitta River
provide an example of learning how to operate
dams to meet human requirements and improve
river health.
During the past 10 years, river operations
at Dartmouth Dam (the largest storage in the
Murray–Darling Basin, situated in north-east
Victoria) have successfully trialled ‘pulsing’
releases as a strategy to achieve greater variability
of within-channel flows in the Mitta Mitta River
downstream of the dam.
In response to the trials, the diversity and
abundance of biofilm (a mix of algae, bacteria
and fungi growing on gravels in the river bed,
and an indicator of river health) has shifted
towards the mix observed in the adjacent and
unregulated Snowy Creek.
Within-channel flow pulsing in the Mitta
Mitta River is a release strategy which tries to
replicate natural flow patterns. The pulsing
is applied to the bulk delivery of water for
consumptive purposes or agreed minimum
flows, and is implemented without affecting state
water entitlements. Pulsing occurs within existing
operating procedures for channel capacity flow,
minimum flow, and rates of change in river level.

Testing the pulse
SARAH COMMENS FROM THE MURRAY–DARLING BASIN AUTHORITY DETAILS
SOME OF THE LESSONS LEARNED FROM FLOW PULSING TRIALS ALONG THE
MITTA MITTA RIVER IN VICTORIA.

Lake Hume
Albury
Hume Dam

20 km
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Dartmouth
Dam

Mitta Mitta

The Murray–Darling Basin Authority (MDBA)
commissioned a report in 2009 to bring together
the key lessons from four flow pulsing trials on
the Mitta Mitta River. Building on this work,
the lessons were produced as guidelines to help
river operators and managers (see box on the
opposite page). These guidelines are actively
followed and refined as part of the MDBA’s
approach to continuous improvement.
The key factors in the success of the project
included:
•
The collaboration which occurred between
the researchers, river operators and managers
at the MDBA and Dartmouth Dam and the
landholders along the Mitta Mitta River
made this a shared learning experience.
•
A pragmatic and adaptive approach to
event monitoring (such as refining the set
of indicators for successive trials) minimised
the cost and accelerated feedback on the
ecological and water quality responses
to different patterns of flow variability.

Lake Dartmouth
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Darling Basin.

Variable ﬂow guidelines

Releasing water from the re-regulation pond (‘Banimboola’)
downstream of Dartmouth Dam. Photo Emma Hampton.

SARAH COMMENS | MITTA MITTA

•

The design of pulsed releases to achieve
multiple benefits. For example, during a
river operations trial in 2006, low flow pulses
for environmental purposes were timed to
also assist landowners pump from the river.
The Mitta Mitta River variable flows case study
is at the forefront of a changing philosophy and
practice in the way water is released from dams.
It has helped the MDBA to appreciate that
successful adaptive management takes time
and requires sustained commitment from people
and institutions that need to be adaptive.
The approach taken works well in the
Mitta Mitta River, but the limits to transferability
of the results to other areas of the Basin are
not yet well understood. The successes of the
adaptive management approach applied in the
Mitta Mitta River are partly due to the limited
scope and magnitude of the pulsing, and the
subsequent potential for impacts on entitlement
holders and downstream communities. While
the lessons can help inform future adaptive
management approaches, significant alterations
to operational procedures would require greater
investment and could be more difficult to
implement.

Sampling water quality
in the Mitta Mitta River
during a river operations
trial in 2006. Source
Charles Sturt University.

Future studies

MITTA MITTA RIVER VARIABLE FLOW GUIDELINES

As implementation of the Basin Plan moves
forward, the MDBA will continue to actively
use the collective knowledge and experience
of river managers and operators, researchers
and local people to guide the development of
improved ways of operating rivers. This includes
investigating ways of overcoming constraints
which limit current operations. Any proposed
changes to river operations will be part of a
consultative process and must go through
Basin governments before being accepted.
Work is underway to investigate the way
that water is released from Menindee Lakes to
the lower Darling River as part of normal river
operations. The aim is to find ways to operate the
river for improved river health whilst maintaining
water supplies. Around 30 people representing
river operators and managers from key New
South Wales water agencies and the MDBA,
the local community and scientists are
collaborating on this work.

Whenever possible, and to the extent possible, river operations will aim to:
1. Pulse ﬂows to avoid relatively constant discharges of any magnitude
at Coleman’s gauge for longer than a few weeks.
2. Pulse ﬂows to mirror a more natural hydrograph in shape — that is,
rise steeply, with a steep initial recession, followed by a more gradual
recession (within the limits of operating rules for rates of rise and fall).
3. Include pulses of different magnitudes (over a period of months)
that reﬂect the variability of a more natural ﬂow hydrograph.
4. Vary the discharge from the trough to peak of the rising limb of ﬂow
pulses to the maximum extent possible within operational constraints
and requirements.
5. Coordinate the timing of releases from Dartmouth Dam with Snowy
Creek inﬂows to extend the beneﬁts of ﬂow pulsing in the Mitta Mitta
River downstream of the conﬂuence with Snowy Creek.
6. Commence Dartmouth to Hume transfers earlier in the season and
at less than channel capacity rates to provide greater operational
ﬂexibility to vary within-channel ﬂows.
These guidelines may be reﬁned with increasing knowledge and experience
over time.

FOR FURTHER INFORMATION
Sarah Commens —
sarah.commens@mdba.gov.au

RIPRAP, EDITION 35

37

Communities are key to success
THE MURRAY–DARLING BASIN AUTHORITY EXPLAINS THE IMPORTANCE OF ENGAGING
LOCAL COMMUNITIES TO ADVISE AND INFORM DECISIONS ON RIVER MANAGEMENT.

Tapping into the skills, knowledge and experience
of local communities is vital for the successful
implementation of the Murray–Darling Basin Plan.
People who live in, work in and care for
the Basin have an intimate knowledge of
its environment and are equipped to inform
decisions about how to best manage the river.
Implementation of the Basin Plan involves
governments at all levels collaborating with local
and regional communities to manage water and
other natural resources in an integrated way. This
involvement allows local knowledge and solutions
to be drawn on to meet local needs and allows the
Murray–Darling Basin Authority (MDBA) to apply
this knowledge over time and make management
changes accordingly.

Environmental ﬂows

NORTHERN BASIN ADVISORY
COMMITTEE (left to right).
Back row: Ed Fessey,
Ian Todd, Geoff Wise,
Mal Peters, Bruce McCollum,
Fred Hooper, John Clements.
Front row: Donna Stewart,
Michelle Ramsay, Katrina
Humphries, Sarah Moles.

The Environmental Watering Plan (EWP) is a
major component of the Basin Plan which allows
communities to be involved in decisions about the
size, timing and nature of river ﬂows to maximise
environmental beneﬁts. The EWP aims to protect
and restore wetlands and ecosystem functions
for water-dependent ecosystems.
Under the EWP, the MDBA is required to
develop a Basin-wide environmental watering
strategy within two years and annual environmental
watering priorities. The ﬁrst of these priorities will
be produced by June 2013 and may address the

watering needs of speciﬁc environmental assets
(such as wetland and ﬂoodplains) as well as
ecosystem functions. While the annual priorities
are set at a Basin scale, the Basin state governments
will set catchment level priorities for their individual
Water Resource Plan areas.
The MDBA will work closely with the
Basin state governments, as well as through
existing networks such as the Basin Community
Committee, the Northern Basin Advisory
Committee and the newly established
Advisory Committee on Social, Economic and
Environmental Sciences, to set environmental
watering priorities.

Northern Committee established
The Northern Basin Advisory Committee (NBAC)
is an example of how new knowledge will be
gathered to better inform implementation of the
Plan. The MDBA will work with the Committee to
develop and implement a three-year work plan,
identifying and prioritising key northern Basin
issues such as the apportionment of the shared
downstream reduction and options for Sustainable
Diversion Limit adjustments.
The NBAC will strengthen the connection
and improve information exchanges between the
MDBA and local communities. This will ensure the
Plan continues to be informed by local knowledge
and perspectives.

NBAC PHOTO COURTESY OF MDBA. TAP, PETAR MILOS̆EVIĆ (WIKIMEDIA COMMONS).
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The ESLT has provided the basis for
determining how much water we return to our
rivers to restore these systems to health, while
still supporting strong regional communities
and sustainable food production. The Basin
Plan will achieve a range of environmental
outcomes; including increased waterbird
breeding opportunities, maintenance of
internationally important Ramsar wetlands,
protection of red-river gum forests and
other flood dependent vegetation communities
through periodic flooding, and a reduced
incidence of dangerously high salinity periods
in the Coorong, Lower Lakes and Murray
Mouth that can harm fish and vegetation.

Hydrologic indicator sites

Indicators of health
THE MURRAY–DARLING
BASIN AUTHORITY
DETAILS THE WORK
CARRIED OUT
TO ESTIMATE HOW
MUCH WATER IS
NEEDED TO RESTORE
AND MAINTAIN
THE HEALTH OF
THE BASIN RIVER
ECOSYSTEMS.

A range of innovative analysis, modelling and
research has provided the basis for an assessment
of the environmental water requirements
specified in the Murray–Darling Basin Plan.
The Murray–Darling Basin Authority
(MDBA) has developed a Basin Plan to protect
and restore aquatic ecosystems in the Murray–
Darling Basin (MDB). The Basin Plan outlines
Sustainable Diversion Limits (SDLs) which
reflect the long-term Environmentally Sustainable
Level of Take (ESLT) of water from its rivers.
This is the amount of water that can be used (on
average) for consumptive purposes (irrigation,
agriculture and drinking). The ‘level of take’
ensures there is sufficient water left in the river
system to meet targeted environmental outcomes.
Informed by hydrological modelling of
environmental outcomes, consideration of the
boundaries of current constraints, and social and
economic impacts, the Basin Plan requires a level
of take reflecting a 2750 gigalitre per year (GL/
year) reduction in diversions (the overall SDL).

FOR FURTHER INFORMATION
www.environment.gov.au/water/publications/mdb/factsheetenvironmental-ﬂow-delivery-constraints.html
www.mdba.gov.au

To work out how much water was needed to
restore and maintain river health, an innovative
hydrologic indicator site (HIS) method was
used. Ecologically desirable flows (termed
flow indicators), were specified at hydrologic
indicator sites and usually defined as the
frequency and duration of a certain flow
volume for a particular time of year.
The environmental watering requirements
of the Basin were determined by assessing
the requirements of some of the most flow
sensitive, representative and best understood
key environmental assets (indicator sites).
An example of an indicator site is the
Riverland–Chowilla Floodplain, which
comprises the Riverland Ramsar site,
The Living Murray Chowilla Floodplain
and the Lindsay–Wallpolla Islands icon site.
The Riverland–Chowilla Floodplain is
important, as it contains a diverse range
of habitats including creeks, anabranches,
wetlands, lakes and floodplains. These habitats
encompass a number of vegetation communities
and support a range of animals, including
threatened waterbirds and significant populations
of native fish, especially the iconic Murray
Cod. River regulation and water abstraction
have significantly altered the magnitude and
frequency of in-channel and overbank flows
to the site.
In addition to its environmental values, this
site was used because high quality information
was available describing its environmental
watering needs. In addition, flows that inundate
the Riverland–Chowilla Floodplain will also
inundate many other important environmental
assets from downstream of the Darling
River junction to the Lower Lakes.
RIPRAP, EDITION 35
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The representativeness of this indicator
site in defining a sustainable flow regime, is
supported by its variety of habitat and vegetation
types, and the fact it is the largest floodplain
system on the River Murray downstream
of the Darling River. Returning flows to the
Lower Murray reach to meet the environmental
watering requirements of the Riverland–Chowilla
Floodplain should provide enough water to
maintain many of the other assets in this reach,
making it a suitable choice for an indicator site.

Ecological targets
One of the first steps in the application of the
hydrologic indicator site method was to develop
Basin-wide and indicator site level environmental
objectives and targets which will achieve a healthy
working Basin. As an example, site specific
ecological targets for the Riverland–Chowilla
Floodplain are outlined in Table 1.
Environmental targets are set using the
best available science to work out the water
requirements of the environmental assets,
flow indicators are determined to meet these
ecological targets (see Table 1). Just as in nature,
a particular flow will provide a range of
environmental outcomes.

Hydrological models were used to analyse the
river system and assess the ability of different
water recovery options to achieve the combined
water requirements of all the hydrologic indicator
sites across the Basin. This modelling was a key
input into the development of the ESLT.

Returning ﬂows to
the Lower Murray
reach to meet the
environmental
watering
requirements of the
Riverland–Chowilla
Floodplain should
provide enough
water to maintain
many of the other
assets in this reach,
making it a suitable
choice for an
indicator site.

PHOTO PERIPITUS (WIKIMEDIA COMMONS).

Hydrological modelling results

Initially, three modelling scenarios were
used to determine if the flow indicators, and the
ecological targets they aim to achieve, could be
met with certain volumes of environmental water.
These scenarios were Basin-wide reductions in
consumptive use of 2400 GL/year, 2800 GL/year
and 3200 GL/year, with current river operating
arrangements and constraints (such as dam outlet
capacities and the need to avoid inundating
bridges and private land).
At a Basin scale, the higher water recovery
scenarios achieved the target frequencies for a
greater number of the flow indicators. It was
recognised, however, that many of the remaining
flow indicators would be unable to be achieved
at desired frequencies without reducing external
pressures of key river operating constraints,
particularly in the southern Basin. To address
this, two additional modelling scenarios
(2800 GL/year and 3200 GL/year) considered
the removal or relaxation of these constraints
(for example, by building higher bridges,
purchasing easements to inundate important
floodplain habitat or building levees to
prevent inundation of infrastructure).
Easing of current constraints cannot
be mandated by the Basin Plan, but over
the next 12 months the MDBA will prepare
a Constraints Management Strategy to assess
options to improve efficiency of environmental
water delivery to achieve environmental
outcomes. This process will include
consultation with the community
and stakeholders around any changes.

Table 1: Example of ﬂow indicators determined for Riverland–Chowilla Floodplain hydrologic indicator site.
Multiple ﬂow indicators are likely to be required to achieve the ecological targets. 1 gigalitre = 1000 megalitres = 1 billion litres.

Ecological targets

Flow indicator

Maintain healthy, dynamic
and resilient native ﬂood
dependent vegetation
where it currently occurs.

20 gigalitres/day for 60 consecutive days between August and December.

72–80

40 gigalitres/day for a total duration of 30 days (with minimum duration
of 7 consecutive days) between June and December.

50–70

Provide habitat and good
breeding conditions for
colonial nesting waterbirds.

40 gigalitres/day for a total duration of 90 days (with minimum duration
of 7 consecutive days) between June and December.

33–50

60 gigalitres/day for a total duration of 60 days (with minimum duration
of 7 consecutive days) between June and December.

25–33

80 gigalitres/day for a total duration of 30 days (with minimum duration
of 7 consecutive days) anytime in the water year.

17–25

100 gigalitres/day for a total duration of 21 days anytime in the water year.

13–17

125 gigalitres/day for a total duration of 7 days anytime in the water year.

10–13

Allow for reproduction by
ﬁsh, turtles, frogs and other
native aquatic species.
Support key ecosystem
functions, especially the
connections between the
river and the ﬂoodplain.
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Connections between rivers, floodplains and wetlands
River channel

Floodplain

Overbank flows
Bankfull flows

River levels are measured at flow gauges,
some of which have been used in the
method as hydrologic indicator sites.

Floodplains and wetlands require flooding
at different times to maintain the health
of the various plants and animals that
live there. They also need periods with
lower water levels.

Flow is regulated
downstream of dams

Unregulated rivers are
not affected by large dams
or weirs but may be affected
by local water extraction
and land use changes

Flows from rivers
move through
wetlands

Black Box
community

River flows within the channel

River Red Gum
community

Anabranches and billabongs
create habitats and allow
nutrient and carbon exchange
Connections along rivers
Habitats requiring
frequent flooding
Habitats requiring
periodic flooding

The method considers
the sequence of flows
between the hydrologic
indicator sites.

Habitats requiring
infrequent flooding

River channel

Freshes
Low flows

Different river flows such as freshes and low flows
provide cues for migration as well as transport
of nutrients, salt, carbon and sediment, and
refuge for plants and animals in dry times.
A fresh is a pulse of water that travels down the
river and is usually caused by intensive rainfall.

DIAGRAM

Ongoing reﬁnement

The hydrologic indicator
site environmental
ﬂow requirements which
have been developed
are intended to be
representative of the
water requirements
of broader parts of the
Basin located upstream
and downstream. These
ﬂows are less than the
ﬂows would have been
before river regulation
because the MDBA is
not aiming to restore
the environment to
a natural condition.
They describe a ﬂow
regime which reﬂects
the current ecological
needs and the reality
of a regulated river
system.

The Basin Plan defines sustainable diversion
limits and therefore the volumes of water to
be recovered at a broad scale for environmental
use. The environmental watering plan provides
the framework for the use of this water to
deliver environmental outcomes. There is
further work to be done to refine how the
water will be actively used, and the development
of the Basin-wide environmental watering
strategy and long-term watering plans for water
resource plans (as examples) will be ongoing.
The environmental water requirement
assessments and associated modelling undertaken
to inform the Basin Plan, give a good information
base that describes the types of outcomes which
may be achieved and the flow regimes which
may be provided. The MDBA and Basin states
will use this work as one source of input to
environmental water planning, bringing in
other finer scale knowledge of local needs
and opportunities, and taking into account
new information and research as it becomes
available.

Consistent with the principles of adaptive
management as defined in the Basin Plan,
there is also the capacity to adjust the
Sustainable Diversions Limits through
supply and efficiency measures. This may
enable the target environmental outcomes
to be achieved more efficiently, using less
water. Work is currently being done by the
MDBA in consultation with Basin states
to determine the appropriate methods to
assess such measures. In addition, there
is the capacity for further environmental
outcomes to be achieved by recovering an
additional 450 GL/year for the environment
through development of efficiency measures,
as long as social and economic impacts
remain neutral.
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Aboriginal people feel a deep spiritual and cultural responsibility for
the protection of the Murray–Darling Basin (MDB) river system and
are working towards an effective role in the management of its water.
They view themselves as an integral part of the river system.
Aboriginal people in the MDB have suffered the greatest impact
of colonisation, as their land was among the first to be heavily settled and
developed during the past 200 years. This has resulted in Aboriginal people
having ownership or rights (referred to as the Indigenous estate) to less
than 1 per cent of the land and waters of the MDB, compared with the
national average of about 20 per cent of land in Indigenous ownership.
It is important to note 84 per cent of the land in the Basin is owned by
businesses involved in agriculture (according to the 2005–06 Australian
Bureau of Statistics Agricultural census).
In 2003, Jason Behrendt and Peter Thompson in their Occasional
Paper prepared for the NSW Healthy Rivers Commission wrote; “Attempts
to improve the manner in which Aboriginal interests in river systems are
protected will remain tokenistic and inadequate until there is an appropriate
recognition of the nature and extent of those interests in legislation and
adequate measure taken to ensure their protection.”
Six years later, in a review by Poh-Ling Tan of the legal basis for
Indigenous access to water presented to the National Indigenous Water
Planning Forum, she found there is little reference to water in Australian
land rights legislation and existing cultural heritage legislation does not
provide for access to water for Indigenous people.

Recognising
cultural flows
DARREN PERRY, FRED HOOPER AND NEIL WARD
PROVIDE AN OVERVIEW OF THE JOURNEY TOWARDS
ABORIGINAL PEOPLE OWNING WATER TO ACHIEVE
CULTURAL BENEFITS AND BE A PART OF WATER
MANAGEMENT DECISION MAKING IN THE
MURRAY–DARLING BASIN.

Above: Euahlayi man Michael Anderson by the Bokhara
River, north-west New South Wales. Photo Eleanor Gilbert.
Opposite page: Ancient ﬁsh traps on the Barwon River at
Brewarrina, New South Wales. Photo Arthur Mostead ©
MDBA.
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Engaging Aboriginal communities
One of the consequences of Aboriginal people not being directly involved
or consulted in land and water management in the Basin is they have not
had opportunities to develop ways or tools for articulating their needs and
aspirations over water. To have effective input on water legislation, policies,
rules and planning processes means the views of stakeholders must be well
articulated, evidence-based and defendable. For Aboriginal people, who are
starting from behind most other stakeholders, the importance of rigorous
and defendable information is critical to underpinning their contribution.
Not prepared to accept their historic exclusion from mainstream
natural resource management, Aboriginal people have continued to push
to have their voices heard. Within the MDB, Aboriginal organisations such
as the Murray Lower Darling Rivers Indigenous Nations (MLDRIN —
the organisation which represents Indigenous people in the southern
half of the MDB) and the Northern Basin Aboriginal Nations (NBAN
— representing Indigenous people in the northern half of the MDB)
have fought to have their concerns addressed and their social, spiritual,
economic and customary objectives incorporated into various aspects
of water planning and management.
Aboriginal people in the Basin are working with government agencies
to help build capacity to effectively participate in water management.
For example, for almost 15 years, the Murray–Darling Basin Authority
(MDBA) has provided financial and other support to both MLDRIN and
(more recently) NBAN, and has worked alongside these organisations to
increase opportunities for involvement in Basin planning and management.

“The river is part of who we are. It is about respecting that
traditional knowledge. To bring it into the 21st century, and
put it as two words: ‘cultural ﬂows’. It is very important to us.”
Cheryl Buchanan, Kooma (Gwamu) Nation, February 2012
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Water project

Cultural ﬂows
The term ‘cultural flows’ is new, having only come into mainstream use
in the past few years. It has been created by Aboriginal people as a way of
easily encapsulating the cultural benefits they will gain from their ownership
and management of water.
The concept of ‘cultural flows’ aims to translate the complex relationship
Aboriginal people have with water resources into the language of water
planning and management. In November 2007, MLDRIN developed
a definition of cultural flows known as the Echuca Declaration, which has
since been adopted by NBAN and the North Australian Indigenous Land
and Sea Management Alliance (NAILSMA). The short definition of cultural
flows is as follows:
“Water entitlements that are legally and beneficially owned by the
Indigenous Nations and are of a sufficient and adequate quantity
and quality to improve the spiritual, cultural, environmental, social
and economic conditions of those Indigenous Nations. This is our
inherent right.”
Among the potential benefits cultural flows could provide to Indigenous
people are improved health, wellbeing and empowerment from being able
to care for their country and carry out cultural activities. Implicit in the
implementation of cultural flows would be an important and respectful
acknowledgement of Indigenous culture, traditional knowledge
and spiritual attachment to place.
Both MLDRIN and NBAN have recognised that although the Echuca
Declaration is an excellent start towards meeting their aspirations to both
own and manage water to achieve cultural outcomes, it does not contain
sufficient detail to be implemented or to advocate for substantial water
allocations. They understand they need to be able to articulate what is
meant by cultural values and how they will be enhanced or protected,
the volumes of water required, the timing and duration of flow events,
and the types of governance arrangements needed to manage their water.

A new research project is underway which
will be managed by the National Cultural
Flows Planning and Research Committee
(NCFPRC). The NCFPRC is made up of
delegates representing NAILSMA, Indigenous
Water Advisory Committee, MLDRIN and
NBAN, and is advised by a group of experienced
scientists. The main outcome of the research will
be a set of practical recommendations for legal
and policy reform leading to the implementation
of cultural flows. The research will use case
studies to: identify Indigenous water values
and needs; quantify water volumes to meet
those requirements; conduct trial cultural flows;
undertake hydrological modelling; and establish
a monitoring methodology to determine socioeconomic health and wellbeing outcomes.
The research will also compare and
contrast environmental and cultural flow
outcomes and analyse governance options
for future management of cultural flows by
Aboriginal people. The research project has
a proposed budget of $4.6 million and will
be completed by early 2016.
The leadership of MLDRIN and NBAN
believe this research will help them articulate
their need for significant allocations of water
for cultural flows. Not only will this water
help them achieve their cultural responsibilities,
they also believe having a significant stake in the
Basin’s water resources will ensure their place
at water negotiation and decision making tables.
Information generated as the research progresses
will be used to provide input to Basin Plan
implementation.
Aboriginal people across Australia see
a future where not only is their traditional
knowledge respected, but their place in society as
managers and carers of their country is assured.
With this comes a more holistic and equitable
approach to managing natural resources for
the benefit of all Australians.

FOR FURTHER INFORMATION
Neil Ward — neil.ward@mdba.gov.au

RIPRAP, EDITION 35

43

ALL SYSTEMS GO
EILDON RESERVOIR, VICTORIA. PHOTO PHILIP WALLIS.

PHILIP WALLIS AND RAY ISON PORTRAY THE POTENTIAL FOR MORE SYSTEMIC
THINKING IN THE GOVERNANCE OF THE MURRAY–DARLING BASIN.

Adaptive management comes in many
different flavours. The basic definition of
adaptive management refers to the systematic, or
step-by-step, process of planning a management
strategy, implementing, monitoring, evaluating,
adjusting and assessing. Adjustments to
management strategies are made in the
light of new knowledge, and the next round
of implementation begins. While typically
portrayed as a circular process, the starting
point of adaptive management is planning.

FOR FURTHER INFORMATION
Philip Wallis — phil.wallis@monash.edu
Ray Ison — ray.ison@monash.edu
www.monash.edu/research/systemic-governance
www.monash.edu/research/sustainability-institute
Ison, RL (2010). Systems Practice. How to Act in a Climate-Change World.
Springer and the Open University
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Planning as a performance
In the case of the recent Murray–Darling Basin
(MDB) reforms, the starting point was the
Commonwealth Water Act 2007, which instituted
the Basin Plan. This Plan sets out the basis
for balancing current and future demands on
Basin water resources, including their adaptive
management. Planning does not, however, end
once a plan is written; it can instead be thought
of as an ongoing performance. Pulling off a
successful planning performance requires some
degree of common purpose among stakeholders,
which can be difficult to achieve when there is
disagreement about what is at stake — as shown
in recent phases of the MDB planning process.
Adaptive management is all about learning
and responding to feedback from actions in
complex, uncertain and dynamic situations where
there is disagreement and controversy. Managing
water resources across a large river catchment
or whole river basin is an example of such a
situation, and a natural choice for a systemic
(in contrast to systematic) learning approach.
Everyone creates their own understanding
of a situation. This is where systems thinking
can contribute; not only thinking about the
situation, but recognising the perspectives of
those involved. The essence of ‘soft’, systemic
approaches, is to prompt the surfacing of mental
models, theories of change and purpose, through
individual and group reflection and continual,
adaptive learning about individual and collective
roles, and changing perceptions of the situation.

PHILIP WALLIS AND RAY ISON | SYSTEMIC THINKING

What does this mean in practice for
those involved in water governance in the Basin
such as catchment managers, Murray–Darling
Basin Authority (MDBA) staff, community,
industry, government, and researchers?
It can mean designing learning systems for
exploring different aspects of the situation.
For example, critically evaluating the Basin
situation and highlighting the judgements
different stakeholders make. For many, the
MDB might be a ‘natural’, ‘biophysical’ or
‘hydrological’ system; for others it might be
a ‘human activity’, ‘conservation’ or ‘political’
system.
Systemic approaches could involve
examining connectivity within and between
organisations, finding ways to enhance social
capital, or simply starting with conversations
about ways to improve a situation. These are
some of the practices systems thinking opens up
and which, when enacted effectively over time,
can lead to systemic governance of a catchment,
a national park or any ‘system of interest’.

Social learning
Now activity around the Basin Plan is
moving towards implementation. The MDBA is
turning its attention to developing a science and
knowledge strategy to inform the monitoring and
evaluation of the Basin Plan — a development
once advocated by Peter Cullen:
The development of a knowledge strategy,
which identifies key knowledge gaps and
how they can be overcome, is imperative if
water is to be managed in a sustainable way.
Agencies, technical experts, land-holders and
community groups must share knowledge
and build working partnerships. The trust
and value in these partnerships will only
be realised with transparent processes and
effective sharing of information.
Peter Cullen, WaterShed, November 1999

This strategy provides an opportunity to spice
up the adaptive management of the Basin Plan
with some systemic thinking. The strategy could
be much more inclusive and interdisciplinary
than is traditional. It could include scientists,
social scientists, trans-disciplinary researchers,
and the community to be relevant and effective
across different scales. At the local scale,
such as a wetland or river reach, engaging
the community in data collection and science
is an important social learning opportunity.
Systems thinking approaches encourage
moving between different scales. It is counterintuitive to think of the MDB as a single entity,
as it encompasses a large area and comprises
many ecosystems and productive landscapes.
In managing a large river basin which crosses
state boundaries, there is a preference towards
quantitative, Basin-wide science. While there
have been some useful studies of the MDB at
this scale, notably the Sustainable Rivers Audit
and the Murray–Darling Sustainable Yields
project, there is a potential trap in relying
only on Basin-wide data unless there are
spatially distributed processes of interpretation
and action at different systemic levels.

SYSTEMIC —
relating to, or
affecting, a system
as a whole.
SYSTEMATIC —
carried out in a
methodical and
organised manner.

A role for systemic governance
Too often recent history shows attempts at
adaptive management promote systematic
rather than systemic thinking and action. The
long-term future of the Basin, particularly with
greater climate variation, will involve ongoing
interactions between social and the biophysical
domains. The co-evolutionary path of this
dynamic will be influenced by the institutions
invented, such as Basin Plans, and the thinking
and practices which inform their design
and enactment. How we understand
d
and achieve this is the
he concern
c
of systemic governance
nccee
research.

THE COORONG, SOUTH AUSTRALIA. PHOTO HULLWARREN (WIKIMEDIA COMMONS).

45

Investing wisely for the future
RESEARCHER JAMIE PITTOCK EXPLAINS THE RESULTS OF A STUDY INVESTIGATING SOME OF THE
CLIMATE CHANGE MANAGEMENT OPTIONS BEING LOOKED AT TO HELP CONSERVE RIVERS.

New results show some of the management
measures proposed to lessen the impact of
climate change along rivers in southern Australia
could have negative consequences.
River flows are integrally linked to climate,
with future predictions showing streams,
depending on their locality, receiving more or
less water and suffering more severe droughts
and floods. New research has been assessing
the risks, costs and benefits of proposed climate
change adaptation and mitigation measures
for rivers throughout southern Australia.
The study has shown some of the proposed
measures could have negative or unintended
results, while some may work under particular
flow conditions but fail with further change.
The findings pose significant challenges for
river managers — How can they intervene given
the uncertainty about the degree of hydrological
change? What can practically be done to help
river ecosystems adapt?

Fish ladder built for
native ﬁsh to travel
up the town weir on the
Barwon River, Brewarrina,
New South Wales. Photo
Arthur Mostead © MDBA.
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Cost-beneﬁt analysis
To answer these questions we researched the
risks, costs and benefits of different adaptation
options being considered by river managers.
Part of the study focused on environmental
works and measures on the major floodplain
forest wetlands along the River Murray where
new weirs, canals, levee banks and pumps are
being installed to use less water to maintain
the environment, freeing up more water for
agriculture. The River Red Gum forests and
wetlands are watered when floodwaters rise over
the river banks, but with the new engineering
works smaller volumes of water are being moved
out of the river channels and ponded on the
floodplains.
The $280 million government program,
The Living Murray, which started in 2004
and is near completion was also assessed. The
Federal Government describes the program
as “engineered landscape-scale flooding” of
internationally important wetland ecosystems
“unprecedented at this scale anywhere in the
world”.

JAMIE PITTOCK | CLIMATE CHANGE STUDY

Our assessment showed the works:
•
maintain only small areas of habitat,
•
do not water large portions of other types of
wetland ecosystems higher on the floodplain,
•
may have negative environmental effects
(such as salinity and blackwater events),
•
could fail with climate change,
•
were expensive at $679 per hectare
compared with other conservation options.
Despite the public investment, to date the
works only enable watering of 0.6 per cent of
the Basin’s 5.7 million hectares of wetlands. The
study concluded the same funds used to build
the works, could purchase nearly 2.5 per cent
of the water needed to sustain those wetland
ecosystems, or many of the flood ways required
for larger environmental flow releases. It also
questioned whether state governments will
provide water in time to achieve environmental
objectives, as well as paying for ongoing
operations and maintenance of infrastructure.

Environmental ﬂows
The implementation of environmental flows
in the Murray–Darling Basin was also studied.
The results indicated the Basin Plan alone is not
enough, and other complementary conservation
and adaptation measures such as strategically
located freshwater protected areas are needed.
Different restoration methods that do not
just rely on engineering are needed to help build
resilience of river ecosystems to climate change
impacts, and these methods will vary depending
on the degree of disturbance of rivers which
range from free-flowing to highly regulated.
A crucial step is the conservation of freeflowing (tributary) rivers where maintenance
of ecological processes enhances their capacity
to resist climate change impacts, and where
adaptation could be maximised.
Systematic alteration of the operation
of existing water infrastructure can also help
counter major climate impacts on regulated
rivers. However, related research argues the

structural performance and service delivery
of many dams has seldom been assessed, and
many are unsafe and no longer deliver designed
benefits. As changes in hydrology from climate
change will require assessment of infrastructure
safety, this provides an opportunity to modify
or remove dams and other works. Adding fish
ladders and thermal pollution control devices
among other dam renovation options could
lessen climate impacts on freshwater biota.

New river assessment underway
Work is continuing with nine complementary
river adaptation options currently being
assessed in collaboration with three catchment
management authorities. This project is
supported through the National Climate
Change Adaptation Research Facility and is
called “Adaptation and mitigation: Identifying
low risk climate change mitigation and
adaptation in catchment management
while avoiding unintended consequences”.
The nine climate change adaptation and
mitigation measures being studied are:
1. Provision of environmental flows.
2. Environmental works and measures.
3. Thermal pollution control.
4. Restoration of riparian vegetation
5. Reinstatement of freshwater habitat
connectivity.
6. Conservation of more resilient habitats
(free-flowing rivers and those reaches
with more climatically favourable
aspects).
7. Conservation of gaining reaches
(where fresh groundwater enters
river channels).
8. Geomorphic (instream physical
habitat) restoration.
9. Management of exotic species.
A practical guide to the risks, costs and benefit
of the different mitigation and adaptation
options for southern Australian rivers will
be published in 2013.

FOR FURTHER INFORMATION
Jamie Pittock — jamie.pittock@anu.edu.au
www.nccarf.edu.au/content/adaptation-and-mitigation-identifying-low-risk-climate-changemitigation-and-adaptation
Pittock & Finlayson (2011). ‘Australia’s Murray–Darling Basin: freshwater ecosystem conservation
options in an era of climate change’. Marine and Freshwater Research, 62, 232–243.
Pittock et al. (2012). ‘Beguiling and risky: “Environmental works and measures” for wetlands
conservation under a changing climate’. Hydrobiologia [online].
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TACKLING A
FLOOD OF CARP
ANTHONY CONALLIN EXPLAINS THE RESULTS OF A
STUDY INVESTIGATING POTENTIAL WAYS TO REDUCE
THE INVASION OF CARP INTO WETLANDS DURING
ENVIRONMENTAL WATERING.

Above: Carp in the inlet to Sweeney’s Lagoon wetland,
South Australia. Below: Banrock Station wetland inlet trap.
Photos throughout this article Ben Smith.

New research shows carp (Cyprinus carpio) spawning movements
into wetlands are predictable, offering the potential to vary the timing
of environmental watering or apply control methods to reduce the
threat of invasion.
The degradation of rivers and their floodplains through regulation has
highlighted the importance of the natural flow regime and the increased
use of environmental water as a tool for river and wetland restoration.
Although environmental water is intended to benefit native plants and
animals, in highly modified systems such as the Murray–Darling Basin,
it may also benefit alien species such as carp, a formidable pest and the
dominant fish species in the Basin.
Carp are highly mobile and actively seek offstream habitats for feeding
and spawning, making floodplain wetlands particularly vulnerable to
invasion during environmental watering. Once invaded, carp can quickly
dominate wetland habitats producing up to one million eggs per female,
and they can spawn multiple times in one season. Their young grow
extremely fast and mature early (one year for males and two for females)
so before long, a wetland can be full of carp.
Carp cause significant environmental damage to wetland habitats
such as muddying the water, increasing nutrients and destroying aquatic
vegetation. They also compete with native animals for food and shelter.
The more carp, the greater the impact, so preventing or reducing their
invasion is critical to maximising the benefits of environmental water.

FOR FURTHER INFORMATION
Anthony (Rex) Conallin — anthony.conallin@cma.nsw.gov.au
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Monitoring off-stream movements

Management options

This study examined the offstream movement patterns of fish and turtles,
particularly the invasion and spawning risk of adult carp during a flowthrough wetland watering event in the River Murray, South Australia from
June to December 2008. The watering event (originally planned for June)
was intentionally extended to allow for a greater evaluation of the offstream
movements of fish and turtles to inform future watering events. Fish and
turtle movements were monitored continuously at the wetlands inlet and
outlet to gain insight into possible ways to limit adult carp invasion, while
optimising benefits for native aquatic animals.

River and wetland managers generally apply
environmental water to mimic natural flooding
regimes, which occur in the southern part of the
Basin from August to December. The results
from this study show that this period coincides
with the peak in offstream movements and
spawning of carp, and that it may be possible
to alter the timing of water delivery to reduce
carp invasion and potentially favour native
fish. For example, water delivery in June or
July (winter), when temperatures are low and
day lengths are short, would not encourage adult
carp. Similarly, water delivery in November or
December, after the peak in carp migration and
spawning (September to October), may reduce
adult carp invasion and spawning potential,
and favour native Bony Bream.
Unfortunately the benefits of this approach
alone are likely to be short-lived as juvenile carp
were entering the wetland in June and July,
and will quickly mature in the wetland. Small
numbers of adult carp capable of spawning were
still moving into the wetland in November and
December. Another difficulty with this approach
is that there is limited information on the effects
of altering the timing of water delivery on the
broader wetland ecosystem. Native plants and
animals have evolved with the natural flow
regime, so any departure from these conditions
is likely to be less beneficial and should be
avoided until the focus of future research.

Results
Several species including carp, displayed distinct offstream movement
patterns during the study. For example, carp were mainly collected
from the outlet rather than the inlet, indicating that they were attracted
to the outflowing water. Their movements followed a distinct pattern,
beginning in August in response to increasing water temperatures,
peaking in September prior to spawning, and were then close to zero
by December. Native Bony Bream (Nematalosa erebi) moved later than
carp between October to December, with peak numbers in November.
Eastern Long-necked Turtle (Chelodina longicollis) movements followed
a similar pattern to carp.

David Fleer (right) from the South Australian Research and Development Institute and a
member of community who helped capture carp as they attempted to enter a ﬂoodplain
wetland to spawn on the River Murray in South Australia.

Integrated approach
In the interim, the strategy for managers
delivering water to mimic natural flooding should
be to limit carp access. This is not an easy task
and will require an integrated approach including
the use of pumps, fish screens or traps when
watering to reduce invasion. Regular drawdowns
or complete drying events every few years will
also be needed to kill resident carp. The use of
these techniques will also need to examine the
effects on Long-necked Turtles, whose offstream
movements overlapped those of carp.

Get in touch with us on Facebook, Twitter and LinkedIn! We are out
and about and embracing social media as a way of keeping in touch,
so please come and join us. We post daily to our sites and you are
welcome to add comments and get conversations going about
river matters that are important to you!

PHOTO 3268ZAUBER (WIKIMEDIA COMMONS).

A SHOUT OUT FOR THE ARRC
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The introduction of environmental flows
has mitigated predicted negative impacts
along Tasmania’s Gordon River. The longterm monitoring program shows positive
results for aquatic biology with improved
overall health and abundance of some
macroinvertebrate and fish communities.

Predicting and monitoring change

Flows lessen
hydropower impacts
MARIE EGERRUP EXPLAINS HOW HYDRO TASMANIA MITIGATED
ENVIRONMENTAL IMPACTS IN TASMANIA’S GORDON RIVER.

Hydro Tasmania is a significant water manager
in Australia, with responsibility for 53 of
Tasmania’s major lakes and 1200 kilometres
of natural creeks and rivers influenced by
hydropower operations in some way.
In 2006, Tasmania was connected to
the National Electricity Market (NEM) via
the Basslink undersea power cable. With the
changed demands of participating in the NEM
the operating regimes of some power stations
were expected to change.
Through Hydro Tasmania’s use of Basslink
there could potentially be a significant change
in the discharge pattern of the Gordon Power
Station. It was expected in the post-Basslink
period there would be frequent short discharges
of water (called hydro-peaking) and the power
station would operate more during winter. The
frequency of short-term shutdowns was also
expected to increase.
These changes were predicted to have a
range of impacts on the Gordon River, such
as reduced fish and macroinvertebrate diversity
and abundance.
A comprehensive monitoring program
was initiated in 2001 to assess the potential
impact of Basslink. Hydrology, water quality,
river and karst geomorphology, riparian
vegetation, macroinvertebrates, fish, algae and
moss monitoring was carried out for five years
before Basslink to collect baseline information,
and for six years post-Basslink to assess the
impact of its operation and the effectiveness
of mitigation measures.

Environmental ﬂows introduced

One cumec =
one cubic metre per second.

FOR FURTHER INFORMATION
Marie Egerrup — marie.egerrup@hydro.com.au
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To reduce the predicted impacts on aquatic
biology, a minimum environmental flow of
10 cumecs in summer and autumn, and
20 cumecs in winter and spring was established.
The minimum environmental flow aimed to
lessen changes to:
•
macroinvertebrate diversity and abundance,
•
availability of fish habitat,
•
food supplies for fish.

MARIE EGERRUP | HYDRO TASMANIA

The diversity and abundance of
macroinvertebrates in the Gordon River had
been significantly altered as a result of dam
construction in the 1970s and power station
operation before the Basslink era. Mayfly,
stonefly and caddisfly species have been used
as indicators, as they are highly sensitive to
environmental changes.
Fish in the middle Gordon River were
also affected by river regulation following the
dam construction and power station operation.
Reversed seasonality of flows, sustained high
flows, hydro-peaking, reduced refuge and
spawning habitat, and low macroinvertebrate
abundance all impacted on fish populations.
Fish and macroinvertebrates were monitored
to assess the effectiveness of the environmental
flow pre-Basslink, when no minimum
environmental flow was in place, and postBasslink when the minimum environmental
flow was introduced.

Key ﬁndings
Eleven years of detailed monitoring has now
been completed. The changes to power station
operation were not as pronounced as predicted
for much of the post-Basslink period. This was
due to drought and the need to rebuild storage
levels. Some of the changes to discharge patterns
were periods of hydro-peaking and the
introduction of the environmental flow.
The findings show the general condition
of macroinvertebrates in the Gordon River
post-Basslink is similar to the pre-Basslink
period. There has been a positive impact on the
macroinvertebrate community, with increases
in abundance and diversity of flow-dependent
species, indicating a positive response to and
dependence on the minimum environmental
flow during the post-Basslink monitoring period.

Lags in responses to the implementation
of the minimum flow were detected in several
macroinvertebrate indicators, for example
increases in abundance of several mayfly,
stonefly and caddisfly species, which can
take several generations (two to three years)
to occur. These changes represent improvements
in overall condition of macroinvertebrate
communities in reaches closer to the power
station.
Eight species of native fish have been
captured in the Gordon River and its tributaries
during the monitoring program. These included
galaxiids, eels, sandys (Congollis) and lampreys.
Four introduced fish species — Brown Trout,
Rainbow Trout, Atlantic Salmon and Redfin
Perch — were also present in the river.
The low number and patchy distribution
of fish make it difficult to assess the impacts
of Basslink operation at species level, and the
potential effect of an environmental flow on the
river’s fish community. There was evidence of
increased post-Basslink abundance of Spotted
Galaxias, and increased upstream distribution of
Congollis and Spotted Galaxias. Observations of
increased galaxiid abundance are predominantly
linked to increased frequency of low-to-medium
flows in the downstream reaches of the river,
which are a product of environmental flow
releases and low catchment inflows.

Acknowledgements
Numerous scientists
have been involved in
this program, however
Freshwater Systems,
Entura and the
Tasmanian Inland
Fisheries Service have
been the key players in
successfully delivering
the macroinvertebrate
and ﬁsh components
of the monitoring
program.

Left: Dave Ikedife
electroﬁshing the Gordon
River. Below: The Gordon
Dam. Photos courtesy
of Hydro Tasmania.
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Rivers are
flows of life

DEIRDRE WILCOCK HIGHLIGHTS THE IMPORTANCE OF APPRECIATING AND
UNDERSTANDING DIFFERENT VIEWS AND KNOWLEDGE OF RIVER ENVIRONMENTS.

Adaptive management could be the key in moving towards a broader and
more inclusive debate about water allocation and the environmental flows
required by rivers. Recent developments in river restoration emphasise
the need to respect and understand the different ways people think
and talk about place. Appreciation of different people’s perceptions
and beliefs is critical in negotiating contested resources, and practical
interventions require a keen eye and ear to bring groups together for
constructive conversations. The Murray–Darling Basin is a good example
of the turmoil implicit when dominant views fail to acknowledge other
people’s histories and understandings about ‘place’.

Varied meanings of ﬂow

Above and inset:
Kaiela Woka — Goulburn
River Country (Yorta Yorta).
A painting by Lynette Faye
Thorpe.
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‘Flows’ usually mean water allocation — a physical volume or water level
which is crucial for ecological health. ‘Flows’ can have other meanings,
for example the recent introduction of the term ‘cultural flows’ and its
connection with Aboriginal groups. Aboriginal groups’ usual entry to
natural resource management (NRM) has been through an archaeological
interest, for example, cultural heritage or relegation to the past (‘stones
and bones’). The concept of ‘cultural flows’ expands this to the present
day, and recognises the need by Aboriginal groups for ‘flows’ to enable
caring for country in a living context.

DIERDRE WILCOCK | MANAGEMENT VIEWS

Chris Cooper performing
a smoking ceremony at
Moira Lakes, Barmah, under
the watchful eye of Yorta
Yorta Elder and mentor.
Photo Lynette Faye Thorpe.

It could be argued using the term ‘cultural’
is unnecessary as it sets up a division between
(a) the goals of environmental and cultural flows
of water, (b) Aboriginality and non-Aboriginality
and claims to allocations, and (c) flows which
are aimed at the same outcome. However, these
positions illustrate well the multitude of tensions
implicit in the basis of thinking that founds
NRM and about how we communicate, and
deal with, place-based relations. These issues
are not just ‘Aboriginal’, they are relevant for
all people.
When examining the commonalities of
place-based connections between Aboriginal
and non-Aboriginal communities, the term
‘flows’ refers to much more than volumes of
water — it draws on broader connections between
people, places, processes and their interaction.
Aboriginal perspectives may emphasise the
historical, emotional and holistic, but these are
not the only terms through which Aboriginal
people value riverine environments.
NRM is increasingly devolving decision
making to local bodies. Aboriginal knowledge
present a key starting point for discussions,
not because Aboriginal colleagues have mystical
inroads into NRM, but because they are rights
holders and have important knowledge which
can be used to make decisions about the water
allocation and flows needed for a particular
place.

In adaptively managing the many different
people and values which need to be considered
in discussions about flows, it is important to
remember:
•
Places are flows between multiple scales
— places are complex interactions of time
and space (multidimensional) so their
interactions are dynamic — in practical
terms, a more sophisticated understanding
than reducing water flows to volumes
is required. Aboriginal narratives and
thinking about landscapes can be used
to teach us how to communicate this
multidimensionality of place in practice.
•
Technocentrism (and associated reduction,
for example, to water volume, fish numbers,
archaeological meaning) is used for
particular (political) reasons. Aboriginal
and non-Aboriginal, necessitates a morethan-technical approach to dealing with
contested values.
•
A common platform and a set of principles
is needed for discussions about ‘place’.
These principles will change depending
on the people, values and places involved
— there is no ‘one size fits all’ approach.
Flexible, adaptable approaches are required
which can respond to the needs of different
communities and government as they
make decisions about the flows needed
for their ‘places’.
•
New languages are needed to discuss water
allocation and flows. One example is through
‘ethnogeomorphology’. ‘Ethno’ is about
‘flows’ as place, and ‘geomorphology’ refers
to geomorphic landscapes and their use as a
learning tool.
Rivers are more than technical entities —
as Yorta Yorta man Lee Joachim says, they are
“the flows of life”. Decision making and policy
require talking about different ways of thinking,
and responding adaptively is needed to achieve
this goal. Adaptive management, despite its
many failings, could be useful in revisiting the
benefits of thinking adaptively about processes of
knowledge production in NRM. The importance
of place is common to all, but the languages and
terms of reference which are used to talk about
places, and negotiate their management, need
to be initiated.

FOR FURTHER INFORMATION
Deirdre Wilcock — deirdre.wilcock@vu.edu.au
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Pooling local knowledge

DEBORAH NIAS FROM THE MURRAY DARLING
WETLANDS WORKING GROUP LTD EXPLAINS
THE IMPORTANT ROLE NON-GOVERNMENT
ORGANISATIONS PLAY IN MANAGING
ENVIRONMENTAL WATER.

Non-government organisations are part of the
solution to managing environmental water in the
Murray–Darling Basin (MDB), complementing
government efforts and harnessing vital
community involvement.
Environmental watering has become
a new industry in Australia, particularly within
the MDB and is sometimes the subject of
controversy. One issue raised regularly is the
involvement of the community in environmental
watering and how to access local knowledge
and information to benefit wetlands and rivers
of the region. Engaging any community in
a government project can be difficult and
challenging due to competing views, priorities
and levels of expertise.
More than 80 per cent of wetlands occur
on private property through most of the MDB,
and dealing with private wetlands is essential
to achieve Basin-wide outcomes. Government
intervention in your own backyard is rarely
welcome. How then, can the community be
involved in environmental watering in a way
that engages the enthusiasm of local people,
provides meaningful ecological outcomes for
the environment, and represents good value
for money for the government and tax payer?

PHOTOS THROUGHOUT THIS ARTICLE PROVIDED BY THE AUTHOR.
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Community involvement
A model for community engagement with
environmental watering already exists, and more
groups are forming to take on the challenge of
managing water in their own regions. In 1992,
the NSW Murray Wetlands Working Group Inc.
was formed as an initiative of the Murray and
Lower Murray Darling Catchment Management
Committees. The Working Group consisted of a
wide range of people, including many technical
experts from various government departments,
skilled and knowledgeable locals from industry,
business and conservation groups.
In the late 1990s, the New South Wales
Government asked the Working Group to
manage two Adaptive Environmental Water
(AEW) licences in a ground-breaking trial.
In the absence of any previous examples, the
Working Group developed a set of principles
and methods to guide the use of the water.
A hierarchy of decision making was developed
which incorporated predicted environmental
factors such as rainfall and run off, to help
determine where water could enhance local
conditions. Known as the ‘piggy-back’ method,
the idea was to augment high river flows and
floods to prolong the extent of inundation,
usually to assist with providing birds an
opportunity to complete their breeding cycle.
This method is now an accepted and common
practice across the MDB.
continues overleaf
aff
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CLIFFHOUSE STATION CASE STUDY
Photopoint 1:
left August 2006,
right December 2006.

Photopoint 3 facing south:
left August 2006,
right December 2006.

Cliffhouse Station is a private property located
on the New South Wales side of the Murray
River ﬂoodplain within the Lock 6 weir pool
and has two large wetlands located on it.
The dominant vegetation community
is a River Red Gum woodland (Eucalyptus
camaldulensis), with a mixed shrubby
understorey of Lignum (Muehlenbeckia
ﬂorulenta), Nitre Goosefoot (Chenopodium
nitrariaceum) and River Cooba (Acacia
stenophylla).
Prolonged periods of low ﬂows in the lower
reaches of the Murray River can result in many
of the region’s wetland and ﬂoodplain areas
remaining dry — and on Cliffhouse Station,
these wetlands can be dry for more than
10–15 years.
Wetland vegetation, such as the River
Red Gum community, can start to show signs
of stress if they are not ﬂooded after more
than ﬁve years. As seen on other parts of the
River Murray ﬂoodplain, such as the Chowilla
Floodplain in South Australia, large areas of
River Red Gums have become severely degraded
and mortality rates are increasing rapidly.

To prevent a further decline in the vegetation’s
condition, an AEW allocation of 90 megalitres was
assigned to the wetland in 2006–07 from AEW
allocation owned by the New South Wales
Government.
Monitoring results showed a positive
vegetation response was observed following
an artiﬁcial ﬂooding of the wetland. These
include:
• the improved condition of fringing River
Red Gums, Lignum and River Coobas,
• the regeneration of River Red Gums, as
well as some understorey species including
Old Man Saltbush (Atriplex nummularia),
• the domination of native species in the
understorey community for all monitoring
sessions,
• a shift in cover abundance of different
plant functional types ass a response to
the difference in water regime,
eg
gime, that is,
transition from dry–wet–dry
–d
dry phases
within the wetland.

FOR FURTHER INFORMATION
View the YouTube video on Cliffhouse Station: “Life Flowing Back Into Wetlands”
— www.youtube.com/watch?v=Ndpa7nb6Cos
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POOLING LOCAL KNOWLEDGE

Where floods or high river flows did not
occur, the decision making deferred to the next
tier, where water would be delivered through
pumps or siphons to individual wetlands. This
culminated in the ultimate delivery system,
using the thousands of kilometres of irrigation
channels within the Murray Irrigation Area to
deliver water to isolated wetlands on private
property.
As the Working Group refined its methods
of managing the environmental water, it also
implemented other strategies to complement the
watering activities. These included identifying
ecological objectives and sound scientific
monitoring regimes, media communications,
presentation of results in scientific conferences
and journals, and community field days and
activities.
The success of this model was confirmed by
the group winning the 2007 National Riverprize
for its management of environmental water on
private property. This project has been recognised
by the Global Restoration Network as one of
Australasia’s ‘Top 25’ ecological restoration
projects.
To date, the group has managed more than
75,000 megalitres of environmental water to more
than 200 wetlands, covering 71,000 hectares
across two catchments involving numerous local
governments, industry organisations, government
agencies and nearly 1000 community members.
In 2012, the group merged with its business
arm to become the Murray Darling Wetlands
Working Group Ltd., a not-for-profit nongovernment organisation (NGO) which aims to
spread the work of the former Murray Wetlands
Working Group across the MDB. It no longer
manages the environmental water licences but
continues its work collaborating with other
community based groups and government.
The group has also embarked on a new journey
of being a fully independent not-for-profit group
which manages water and continues wetland
rehabilitation.

NGO involvement grows
Interest by other NGOs in managing water
has grown significantly during the past 10 years
and in September 2010, six key NGOs formed
the Water Trust Alliance to strengthen the
role of community in reviving wetlands and
rivers on a national scale, as well as to bring the
non-government arm of water management to
the attention of federal and state governments.
This first-of-its kind national alliance
represents a broad community from the
bush to the cities and from South Australia to
Queensland, including the MDB. It includes the
Australian Conservation Foundation, Murray
Darling Association, Murray Darling Wetlands
Working Group Ltd., Nature Foundation SA,
Healthy Rivers Australia and the Environmental
Water Trust established by Nature Conservation
Council NSW.
Non-government groups often have
significant advantages to help manage environmental water and wetlands. NGOs offer the
community an alternative to government which
struggles at times to be trusted by stakeholders.
NGOs also:
•
provide real adaptive management for local
systems as they are involved on a daily
basis with the wetlands they know and
understand,
•
engage locally with community, local
government, indigenous groups and
landholders,
•
can work across boundaries — state and
internal with communities interested in
local outcomes — they are able to use
information and knowledge held within the
community for example, local naturalists
clubs and friends groups,
•
can facilitate with government, or on behalf
of government,
•
receive donated water from landholders and
industry who wish to see it put into local
wetlands and rivers.

FOR FURTHER INFORMATION
Deborah Nias — 0417 287 651
www.murraydarlingwetlands.com.au
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Flow methods growing
ANDREW SHARPE AND AVRIL HORNE FROM SINCLAIR KNIGHT MERZ DETAIL THE
DEVELOPMENT OF THE INNOVATIVE FLOWS METHOD WHICH HAS IMPROVED
ENVIRONMENTAL FLOW MANAGEMENT DECISIONS.

An updated FLOWS method will be
available during 2013 to provide more
detail for environmental flow management
recommendations and ensure more consistency
across flow studies.
The methods for evaluating environmental
flows have changed significantly during the
past 20 years. The FLOWS method, which was
developed in 2002, enabled water managers to
move beyond recommendations of minimum
low flows to provide detailed information on
the flows required to improve river health at
specific locations. The latest version of the
FLOWS method goes further by recommending
different flow regimes in wet, average and dry
climate years.

Environmental ﬂow
release from the Upper
Yarra Dam, Victoria.
Photo Simon Treadwell.

The early days
Environmental flow studies have been
carried out in Victoria since the 1990s and were
used to inform some of the early stream flow
management plans and some bulk entitlement
conversions. Early studies generally used one
of three methods:
1. Hydrological assessments, based on
the assumption environmental values
can be protected by preserving a set
percentile of the natural flow, for example,
the 80th percentile flow in the natural flow
regime. Hydrological assessments are quick
and require few resources, but the main
assumption they are based on has not
been tested.
2. The Rapid Fish Habitat Availability
Assessment, based on the Instream Flow
Incremental Method (IFIM), using direct
measures of fish habitat at selected sites
under two to three different flow conditions.
The strength of the method relates to the
collection and use of quantitative data from
the river of interest. IFIM only focused on
one or two fish species; studies took a long
time to complete and often did not identify
strong relationships between the measured
flow and optimal habitat conditions. The
method could not evaluate flows outside
the range observed in the field, and usually
recommended only minimum passing flows.
RIPRAP, EDITION 35
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FLOW METHODS GROWING

3. The Scientific Panel Approach, was
multi-disciplinary and based on best
available data and expert opinion. The
method worked well in systems with
good ecological data and where ecological
responses to specific flow thresholds were
known, but had limited utility in systems
with little or no existing ecological data.
The Rapid Fish Habitat Availability Assessment
method was the preferred method for flow
studies but it did not provide the range of flows
and detail required to inform flow management,
especially in heavily regulated and complex
systems.

The FLOWS method
The FLOWS method was developed in 2002 by
Sinclair Knight Merz (SKM), the Arthur Rylah
Institute, the Cooperative Research Centre for
Freshwater Ecology and Lloyd Environmental,
on behalf of the Victorian Government to match
the detail provided by a flows study with flow
management decisions. It is an expert panel
format, which incorporates aspects of the
three methods described earlier. The main
advancement with the FLOWS method is
the use of hydraulic modelling, which allows
the panel to predict physical and ecological
responses to flows outside the range directly
observed in the field. For the first time,
environmental flow studies could move beyond
just recommending minimum low flows. The
FLOWS method specifically considered which
components of the natural flow regime are likely
to be important for physical and ecological
processes. It used hydraulic and hydrological
models to determine the magnitude, frequency
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and duration of low flows, freshes, high flows,
bankfull and overbank flows that are needed
to maintain or improve geomorphological and
ecological condition, as well as water quality
in specific rivers or streams.
The main purpose of the FLOWS method
is to provide a consistent and scientifically
defensible method to determine a flow regime
required to maintain / enhance / restore ecological
values. The information is used to inform water
allocation, environmental water recovery, and
the use of available environmental water.
The Victorian Government required
all government funded environmental flow
studies carried out after 2002 to use the
FLOWS method. This ensured a consistent
and comparable approach. The comparability
was important during the drought when
the Victorian Department of Sustainability
and Environment (DSE) and catchment
management authorities needed to decide
where to deliver limited amounts of
environmental water to sustain significant
ecological values.
While the FLOWS method provided
a robust approach, it has been refined through
use and evolved to meet the changing needs
of environmental water managers. Various
practitioners have added features to FLOWS
studies or modified existing components of the
method to address requirements for individual
projects or to address more general concerns
such as how to quantify levels of uncertainty in
recommendations, how to assess performance
against flow recommendations and how to
identify which flows are most important in
any given year.

Dry high-ﬂow channel
being inundated during an
environmental ﬂow release,
Coimadai Creek, Victoria.
Photo Simon Treadwell.

ANDREW SHARPE AND AVRIL HORNE | FLOWS METHOD

Updated information
In 2011, the Victorian DSE engaged SKM to update the FLOWS
method to consolidate the relevant additions and modifications various
practitioners had developed. An important feature of the updated
method is the incorporation of checklists which describe the minimum
requirements for successful completion of each step in the process;
these include demonstrating relevant reviews of critical data inputs
and models have been completed. Other updates are a requirement
for technical panels to:
•
provide a more explicit rationale for the link between flow
recommendations and ecological response and to document
areas of uncertainty in recommendations,
•
set environmental flow recommendations under various climate
scenarios (such as dry, wet and average conditions), provide advice
on risks during low flow periods, and to prioritise flow components,
•
assess flow scenario performance against flow recommendations,
•
provide advice on operational issues associated with drought
management and flow restoration following abatement of dry
conditions.
The updated FLOWS method will be published by the Victorian
DSE in 2013, and should provide more detailed rationale to support
recommendations and facilitate greater consistency in future FLOWS
studies.

Flows released!

Adaptive management links
Flows assessments will continue to evolve alongside changes to
environmental water policy and the complex suite of decisions faced
by environmental water managers. Environmental water managers must
now decide between watering locations, flow components, carry over
and trade options. This requires systems and tools to help make these
decisions and assess trade-offs. These processes will likely be linked
to river system modelling through tools such as Realm and Source
(see page 65). The use of optimisation modelling of environmental
watering decisions is also being explored.
The development of these tools will still require the underlying
information provided through environmental flows studies, however
the format and content of environmental flow studies will adapt to meet
modelling and decision-making needs. A further challenge remaining
is how to incorporate the results of the Victorian Environmental Flows
Monitoring and Assessment Program into centrally available models and
databases which can inform future environmental flows management.

FOR FURTHER INFORMATION
Andrew Sharpe — asharpe@globalskm.com
Avril Horne — ahorne@globalskm.com

Environmental Flows provides a single source
of information on the theme of environmental
ﬂows — the quantity, timing and quality of water
ﬂows and regimes required to sustain freshwater
and estuarine ecosystems, and the human
livelihoods and well-being that depend upon
these ecosystems. Author Professor Angela
Arthington, describes principles of river ecology,
the impacts of altered ﬂow regimes and
methodological developments from the simplest
hydrological formulas to large-scale environmental
ﬂow frameworks that inform water management.
The ﬁnal chapter of Environmental Flows draws
together the strategies available to protect and
restore vulnerable aquatic ecosystems and
threatened species.

Environmental Flows: Saving Rivers
in the Third Millennium
Angela H. Arthington, Grifﬁth University
Published by University of California Press
Hardcover, 404 pages. ISBN 9780520273696.
Environmental Flows is available in Australia
from Inbooks, email: orders@inbooks.com.au
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Pump up the volume?
MURRAY–DARLING FRESHWATER RESEARCH CENTRE KNOWLEDGE BROKER
LEANNE WHEATON EXPLAINS THE FACTORS INVOLVED IN ENVIRONMENTAL
WATER ALLOCATION AND DELIVERY, AND THE IMPORTANCE OF RESEARCH
TO ENSURE WATER FLOWS BENEFIT THE RIVER ECOSYSTEM.

The desire to control water for a range of
purposes has led to the regulation of a significant
proportion of the world’s rivers. The resulting
alteration of flow regimes is the most serious and
continuing threat to ecological sustainability of
rivers and their associated floodplain wetlands.
Flow is a key driver regulating processes and
diversity in river systems.
It is not just the presence of water that
is important for healthy ecosystems; flow
magnitude, frequency, timing, duration,
variability, rate of change and sequence
are all significant. The quality of water is
also equally as important as the quantity
of water or flow patterns.

FOR FURTHER INFORMATION
Leanne Wheaton — l.wheaton@latrobe.edu.au
www.mdfrc.org.au
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In river restoration projects, re-establishment
of natural flow regimes represents a neat
theoretical objective. However, this is impractical,
as the demands of communities preclude
returning rivers to natural flow. Environmental
watering has to take into account the risk of
flooding private property which is currently
a major constraint for water delivery.
The existing impacts of regulation,
combined with future climate change impacts
could mean overbank flows may no longer
occur frequently enough to maintain ecological
processes in river systems. Many wetlands and
floodplains will become increasingly reliant on
targeted environmental water allocations.

Water delivery methods
Projects such as The Living Murray and
the Basin Plan represent significant steps
to deliver environmental water and allow
for improved river management. The most
appropriate method for environmental water
delivery will vary with a range of factors
including availability of water, connectivity
of site to water source, and prevailing
condition relative to management targets.
When considering the objectives which
could be achieved from an environmental
water allocation, it is essential to recognise
the water source, delivery method and the
resulting dilution and downstream dispersal
of carbon and nutrients, will have a significant
impact on water quality.

LEANNE WHEATON | FRESHWATER RESEARCH CENTRE

These variables all impact on the ability
to achieve ecological objectives. During the
millennium drought, restricted volumes of
environmental water were pumped to targeted
wetlands. This was successful in achieving a
limited set of objectives at discrete sites. New
projects involving construction and operation
of infrastructure specifically designed to enable
environmental watering substantially up-scales
the extent of what has previously been carried
out by pumping water to individual sites. There
are a range of limitations with this approach,
and these are mainly related to spatial extent,
connectivity and water quality. There is no
substitute for overbank floods in maintaining
ecosystems.

Landscape connectivity
The increased volumes of water available
via the Basin Plan will provide for releases
of environmental water which will allow
connectivity between habitats and may lead
to the provision of flow-associated cues and
conditions otherwise absent during base flows.
However, water sourced from a reservoir and
delivered via in-channel flows during periods
of low water availability will not necessarily
provide all ecological benefits that could be
derived from water originating from upstream
flooding. For example, some of the missing
pieces could include plant and invertebrate
material from upstream sites, increased carbon
and nutrient concentrations, and the eggs and
larvae of fish and other organisms spawned
at upstream sites.
Delivery of environmental water allocations
to isolated sites is a useful management tool
during periods of low water availability. To date,
however, the extent to which these sites function
as refuges has yet to be evaluated. Ideally,
environmental water needs to be delivered
so that connectivity is maximised, habitat is
provided, and appropriate food resources are
developed. Failure to take these factors into
consideration will deliver minimal benefits and
compromise the ability of the environmental
water allocation to achieve positive ecological
outcomes.
Large releases to generate landscape
connectivity and reoperation of existing
infrastructure to increase variability in water
regimes should be actively used during wet
and average conditions to build resilience
at the system scale.

Pumping and large infrastructure are
important restoration tools, but due to the
reduced environmental outcomes they should
only be used when more natural flows are
not feasible.

Title photo Hattah Lakes,
Victoria. Photos throughout
this article provided by the
Murray–Darling Freshwater
Research Centre.

Flow responses
Recent work by a Murray–Darling Freshwater
Research Centre team proposed a common
hierarchical time scale relationship between
inundation events and ecological responses.
This relationship can be described as follows:
•
instantaneous — occurs within minutes/hours
of inundation,
•
fast — occurs within hours/weeks
of inundation,
•
slow — occurs weeks/months after
inundation,
•
delayed — occurs months/years after
inundation,
•
cumulative — occurs, or is realised
after a series of events.
The results indicate the influence of any
environmental water action delivery method
will be related to the rate at which different
processes occur. Chemical mediated processes
occur quickly and are unlikely to be affected
by the method of environmental water delivery.
In contrast, many biogeochemically mediated
and biotic processes occur over a longer time
and are likely to be influenced by the method
of environmental water delivery.
Investment in recovering water and
construction of infrastructure for delivery
of environmental water allocations needs to be
underpinned by research to inform adaptive
management and ensure critical ecological
processes and functions are reinstated. If this is
not carried out, environmental water allocations
will not be able to restore resilience.

Little Hattah Lake
ﬂooded by pumped
environmental water.
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Imagining the future

PARTICIPANTS FROM THE WATER RESOURCES AND FRESHWATER BIODIVERSTY
ADAPTATION RESEARCH NETWORK INCLUDING SAMANTHA CAPON, FIONA DYER,
EVAN HARRISON, JASMYN LYNCH, SUE NICHOLLS, MICHAEL PEAT, ROB ROLLS AND
BRENDAN EDGAR, DETAIL THE KEY OUTCOMES FROM A RECENT WORKSHOP ON
ENVIRONMENTAL WATER DELIVERY.

Environmental water delivery is a key strategy
for restoring and maintaining the health of
Australia’s freshwater ecosystems, and is now a
cornerstone in the policy approach for adapting
freshwater ecosystems to climate change.
Planning and managing environmental
water already poses a challenge to Australian
institutions and communities, particularly in
achieving fair outcomes for a diverse range
of stakeholders and regions. During the next
century, significant changes are likely in the
climatic, cultural and institutional settings in
which environmental water delivery occurs,
and it is critical environmental water is
managed adaptively to ensure effective use.
During September 2012, the Water
Resources and Freshwater Biodiversity
Adaptation Research Network (part of the
National Climate Change Adaptation Research
Network) held a workshop titled ‘The Future
of Environmental Water; identifying drivers,
constraints and approaches to delivering water
to Australia’s freshwater ecosystems in the
21st century’.
Hosted by the Institute for Applied
Ecology at the University of Canberra, the
two day workshop was attended by more than
70 participants representing a diversity of
disciplines, management agencies, research
institutions and water users from around
Australia.
Participants were challenged to expand their
views through a range of invited presentations
and associated discussion sessions framed
around five key questions:
1. What will the objectives and targets
for environmental water be in 2030?
2. What institutional arrangements for
managing environmental water will
exist in 2030?
3. How will environmental water be
delivered and monitored in 2030?
4. What knowledge will underpin
environmental water planning and
management in 2030?
5. What would be different in a repeat
of the ‘Big Dry’?
A summary of the workshop’s findings follows.

FOR FURTHER INFORMATION
Sam Capon — s.capon@grifﬁth.edu.au
A detailed workshop report can be obtained
by contacting — climate.water@grifﬁth.edu.au
Mackenzie River, Victoria, 2006. Photo Fiona Dyer.
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Knowledge needs
1. CLIMATE AND ECOLOGY
High levels of uncertainty are involved in modelling climate futures and their
ecological impacts. In particular, the inability of current climate models to
provide reasonable estimates of changes in ﬂow seasonality, or the occurrence
of extreme events, was identiﬁed as a speciﬁc impediment to decision making.
Participants highlighted freshwater ecosystems as facing higher levels of
uncertainty than other ecosystems because of their complexity and variability.
Regional variation in environmental values and climate futures was widely
recognised as an important consideration for environmental water planning
and management. The potential for change in the structure and function
of freshwater ecosystems associated with climate and other environmental
changes was also acknowledged, including the emergence of novel ecosystems.
The future requires a focus on systems and on functions, rather than a
species-based approach.

2. SOCIAL AND ECONOMIC FACTORS
Equity among different social and cultural groups in deﬁning water
management objectives was highlighted. Greater recognition of indigenous
and non-indigenous water values was recognised as important, as well as
consideration of intergenerational equity and attitudes towards corporate and
foreign ownership. Global and domestic population growth, food security issues
and the potential prioritisation of urban water demands were all identiﬁed
as signiﬁcant constraints on the future of environmental water delivery. The
capacity of people to change, for example to overcome nostalgia for historic
environments and communities, would also play a critical role in the future
of environmental water management.

Key knowledge gaps identified during the
workshop included:
•
greater understanding of links between
surface water and groundwater,
•
improved understanding of the water
requirements of species, communities,
ecosystems and ecosystem functions,
•
greater understanding of ecological and
socio-economic impacts of climate change
and limits to adaptation,
•
identification of appropriate responses
for monitoring and evaluating ecological,
social, economic and institutional change,
•
greater understanding of the full range of
water values and the needs of different water
users as well as trade-offs amongst these,
•
improved understanding of interactions,
connections and synergies among water
users and their needs, and a capacity to
better integrate beneficial flows.

3. MULTIPLE BENEFITS
A wide range of social and economic beneﬁts of environmental water, including
tourism, human health and vibrant regional communities, were identiﬁed by
participants as having the potential to inﬂuence future water planning and
management. The need for the community to see the value in allocating
water to the environment to provide these multiple beneﬁts was crucial.

4. TOOLS AND TECHNIQUES
There is a need for improvements in valuing water, using market and nonmarket measures, to inform decision making. Metrics which evaluate trade-offs
among social, economic and environmental objectives were highlighted as a
gap. Greater opportunities for sharing cultural and institutional knowledge,
and improving communication and transparency in decision making, were
also highlighted. Raising awareness among consumers of water requirements
for different production processes was suggested as an appropriate method
for promoting consumer-driven environmental stewardship.

5. GOVERNANCE
The main governance challenges identiﬁed were the need for collaboration and
integration among a range of stakeholders encompassing diverse geographical
regions and scales. Legal constraints to environmental water delivery were also
highlighted. A shift toward adaptive management approaches was identiﬁed
as essential for effective environmental water management, including regular
evaluation and revision of legislation. Participants expressed a need for a less
reactive approach to environmental water delivery, and greater capacity to
learn from past experiences. Incorporating indigenous and social values and
management was raised as a key opportunity for achieving a longer-term
perspective in environmental planning.

WORKSHOP PHOTOS COURTESY OF THE AUTHOR.
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Mainstreaming the environment
GARY JONES, CHIEF EXECUTIVE OF EWATER, DETAILS THE JOURNEY FROM RESEARCH IN THE 1980S TO THE LATEST PREDICTIVE
MODELLING SOFTWARE, NOW AVAILABLE TO IMPROVE ENVIRONMENTAL WATER ALLOCATIONS AND DELIVERY.

Environmental water policy and management
in Australia has come a very long way over
the past two decades. Looking back on this
journey I am reminded of the marketing
acronym AUCA — Awareness, Understanding,
Commitment, Adoption — which describes the
pathway we typically take to make a purchasing
decision.
Awareness of the growing problem with
our rivers came in the 1980s, with scientists
such as Keith Walker and Terry Hillman drawing
attention to the losses in ecological communities
that were occurring in the waterways of the
Murray–Darling Basin.
Nevertheless, it took a catastrophe —
a 1000 kilometre bloom of toxic blue–green
algae in the Darling River in late 1990 — for
politicians and the public to realise the longterm health of the Murray–Darling system
was seriously in decline.

MULLAROO CREEK, VICTORIA. PHOTO
RUTH O’CONNOR. AUSTRALIAN
WHITE IBIS. PHOTO TOBY HUDSON
(WIKIMEDIA COMMONS).
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FOR FURTHER INFORMATION
Gary Jones — gary.jones@ewater.com.au
www.ewater.com.au

Understanding of the causes of the
river health decline came relatively quickly,
in an intense period of research funded by the
Murray–Darling Basin Commission, Land &
Water Australia and the Cooperative Research
Centre (CRC) Program through the newly
formed CRC for Freshwater Ecology. While
habitat destruction, water quality and invasive
pests were all partly to blame, alterations to the
natural flow regime clearly came out on top as
the major culprit.
During this same period, the Council of
Australian Governments (COAG) water reform
process was underway, and in 1996 the landmark
National Principles for the Provision of Water for
Ecosystems was published.
Tangible commitment to change came in the
early 2000s, with two high-profile environmental
flow allocation decisions being made. The first,
in 2000, was to provide $375 million to recover
282 gigalitres of water for the Snowy (and
Murray) Rivers. The second, in 2003, was the
$500 million Living Murray ‘first step’ decision
to recover 500 gigalitres for the River Murray
system.

GARY JONES | MODELLING SOFTWARE

By the time the National Water Initiative
was tabled in 2004, the case for ‘water for the
environment’ was clear. The Commonwealth
Water Act 2007 placed environmental water
needs at its core, and the Murray–Darling
Basin (MDB) Plan, agreed in 2012, effectively
concluded the final step in the policy and
planning process.
The final adoption step, which sees the
implementation of environmental water policy,
is now underway. Water is being ‘purchased’
(directly or indirectly) by Water for Rivers (for
the Snowy), the Murray–Darling Basin Authority
(MDBA) (for The Living Murray program), and
the Commonwealth Environmental Water Holder
(for the MDB Plan). States and territories have
also been implementing their own water recovery
programs and projects.

Bringing the environment into
river management — the need for
predictive modelling
The challenge now is how to turn purchased
water entitlements into tangible and sustainable
ecological outcomes. For more than a decade,
indeed since my time with the CRC for
Freshwater Ecology, I have been convinced
that for environmental flows policy to be
properly implemented, and ‘normalised’ as
an every-day facet of river management, some
form of predictive ecological models need to
be incorporated into the routine day to day
business of river management.
The reality is river systems are run
by river engineers — not ecologists — and the
standard tool of trade for them is a river system
model. River engineers need ecological ‘demand’
models included in their river planning and
operations models — without them there is little
chance of efficiently delivering water to every
ecological habitat and location along a large,
complex river system.

It was on this basis the CRC for Freshwater
Ecology started to get serious about predictive
ecological modelling, continuing model
development into eWater CRC. The outcomes
to date include two main software suites:
1. Eco Tools — a modelling suite for ecological
scientists and environmental water managers
— it is not necessary to be an experienced
modeller or a civil engineer to use any of
the component models (though a little
training is necessary to master the basics).
2. Source — the new COAG endorsed and
funded, national eco-hydrological modelling
platform. Source is a new generation river,
catchment and urban water management
system, which is replacing IQQM, Realm
and MSM-Bigmod over the next few years.
It is designed for river and water systems
engineers and hydrological scientists.
Eco Modeller and eFlow Predictor (both
components of the Eco Tools suite) are
comparatively simple tools. They allow different
flow events and scenarios to be evaluated for their
relative ecological benefits, and then for a flow
regime to be ‘designed’ to meet target ecological
objectives (and to find out how much water is
needed to do so). They allow ecologists to do
this without needing to worry about complex
river hydrology and river management rules.
To turn the preferred scenarios arising
from Eco Modeller and eFlow Predictor into a
real river planning or delivery scenario (or into
real time environmental water operations rules),
Source is used. To make it easier, the ‘ecological
demand’ models in Source are almost identical to
elements in eFlow Predictor. The most important
difference is that Source is a fully configured river
hydrology and management model.
Eco Tools allow ecologists and non-engineers
to model environmental water scenarios, and
Source, allows them to directly influence the
practical, engineering aspects of routine river
planning and operations.

PHOTO COURTESY OF THE AUTHOR.
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Building confidence in M&E
MICHAEL STEWARDSON FROM THE UNIVERSITY OF MELBOURNE EXPLAINS THE RESULTS OF SEVERAL WORKSHOPS
ASSESSING THE CHALLENGES OF ENVIRONMENTAL WATER MONITORING AND EVALUATION PROGRAMS.

Effective monitoring and evaluation (M&E) programs, linked to
adaptive management, is critical to the ongoing support and investment
of environmental water delivery. Australian water managers currently
oversee a large transfer of water from consumptive to environmental use.
State and Commonwealth governments are investing billions of dollars
in environmental water either through water savings projects or buy-back
of water entitlements. As a result of this, significant investment of public
funds and concern over socio-economic costs, demonstrating the benefits
of environmental flows has never been higher. The environmental water
sector cannot afford to continue the poor standard of monitoring
practiced in previous river restoration programs
The University of Melbourne convened a small network of
environmental flow M&E practitioners representing government and
research agencies across south-eastern Australia. The group met in July
2011, and again in March 2012 to discuss the challenges of environmental
water M&E. The group agreed M&E is a critical component of
management programs, particularly in highly variable natural systems
where the outcomes from management actions can be uncertain.
A further workshop in December 2012 explored shared principles
for improving the effectiveness of environmental water M&E programs.
From these discussions six principles were proposed:
1. Planned environmental objectives must be linked to measurable
outcomes and aligned with stakeholder values including those
of local communities.
2. There should always be effective lines of communication between
scientists, managers and planners to inform decision making and
monitoring.
3. The development and testing of conceptual models linking
environmental water delivery to ecological outcomes should be
coordinated across all jurisdictions with a role in environmental
water management and monitoring.
4. Confounding factors and other catchment stressors should be
considered when developing monitoring design, site selection
and sampling protocols.
5. Data, information and knowledge collected in environmental water
monitoring programs should be made widely available for use for
different purposes.
6. The future of the environmental water sector is underpinned by
a professional and integrated M&E community.

FOR FURTHER INFORMATION
Michael Stewardson — mjstew@unimelb.edu.au
To ﬁnd out more about the M&E Network or to get involved —
http://enviroﬂows.wikispaces.com
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Priority actions
Five key actions were identified to support
these principles:
1. Establish a national platform for sharing
data and models compiled in environmental
water M&E programs.
2. Develop best practice guidelines for M&E
of environmental flows.
3. Develop a training program to support
environmental water M&E.
4. Build the case for adequate funding of
M&E with case study business cases.
5. Establish a network of M&E practitioners
to own and progress these actions.
M&E ultimately needs to help managers
build government and public support for
environmental watering and water reform. It
needs to be robust but cost effective. Scientists
will contribute to the development of standard
methods but implementation of these programs
will require teams equipped with a range of
professional and technical skills.
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Aligning M&E efforts
KIM MILLER FROM THE UNIVERSITY OF MELBOURNE PRESENTS THE RESULTS OF A RECENT ENVIRONMENTAL WATER
MONITORING AND EVALUATION SURVEY BY NATURAL RESOURCE MANAGEMENT AGENCIES THROUGHOUT AUSTRALIA.

Aligning monitoring and evaluation (M&E) efforts across agencies could
reduce program overlap and improve understanding of environmental
flow outcomes, according to the results of a recent survey.
Environmental water is a multi-billion dollar sector, and the
organisations which manage and deliver environmental water are required
to monitor and evaluate the outcomes. But the M&E efforts are often
duplicated across different times and jurisdictions, and data collected
are often not comparable.
A recent survey of 10 natural resource management (NRM) agencies
across Australia highlighted a range of risks if programs for M&E of
environmental flows are inadequate, including inefficient and inappropriate
use of environmental water, reduced confidence in water management,
strained relationships with communities, increased costs to water consumers,
and planning poorly for low flow periods. The survey respondents,
representing agencies at the catchment-, state-, and Commonwealth-level,
were some of those who attended the national Monitoring and Evaluation
of Environmental Flows Workshop, held in Canberra in December 2012.

Survey results
The agencies were asked to indicate, using a common language, which
types of monitoring they carry out (see Table 1), and the overlap was
significant. Agencies at each level said they carried out hydrological
compliance monitoring, short-term flow-ecology response monitoring, and
condition/health monitoring. The latter differs vastly among agencies, from
water quality through to large-scale ecological condition. Most agencies also
reported some type of long-term flow-ecology response monitoring, but many
of these programs have been completed or are in the stage of planning, and
only a few programs test specific hypotheses about ecological responses to
environmental flows. Commonwealth (and state) agencies also carry out
administrative compliance monitoring.
At all levels, agencies use their monitoring data to improve
management, by answering questions such as ‘were water levels maintained?’
and ‘are we meeting the conditions of the licence?’ They also use the data to
plan for water deliveries in future years, including the volume and timing
of delivery, and to prioritise sites where water is needed most urgently.

NRM agencies at all levels perceived benefits
in aligning M&E programs across jurisdictions.
The most resounding benefit was efficiency in
money and effort, followed by greater confidence
in the outcomes, better results, and innovation.
Comparable monitoring data would also allow
ongoing use of data, where monitoring efforts
have a life beyond a single program. Respondents
also identified significant challenges to overcome
if M&E programs are to be successfully aligned.
Monitoring questions which are relevant at all
spatial scales must be identified and prioritised.
It is also important to understand and
accommodate differing legislative, policy,
and funding imperatives for catchment, state,
and Commonwealth agencies. On the ground,
agreement is needed on the best methods
for monitoring, while ensuring they can be
adapted in the future. Biological data must
also be managed at large scales. Currently
this is done well for hydrological data, but no
similar databases exist for complex biological
information. Importantly, there is currently
no funding to get such alignment underway.

AGENCIES PARTICIPATING IN THE SURVEY
Multiple-state: Commonwealth Environmental
Water Holder, Murray–Darling Basin Authority
State-based: ACTEW Corporation, Border Rivers–
Gwydir CMA, New South Wales Ofﬁce of Water,
Queensland Department of Science, Information
Technology, Innovation and the Arts, South
Australian Department of Environment, Water
and Natural Resources, Victorian Department
of Sustainability and Environment, Western
Australian Ofﬁce of Water, Wimmera CMA

Table 1: Types of monitoring programs

Type of monitoring

Example question

Time-frame

Condition/health

What is the trend in environmental condition over time?

Long term

Long-term ﬂow-ecology response

Do short-term environmental responses lead to long-term change?

Long term

Short-term ﬂow-ecology

How did the environment respond in the short term to a watering event?

Short term

Hydrological compliance

Did we achieve the environmental ﬂow target that we expected?

Immediate

Administrative compliance

Were the management arrangements implemented as intended?

Immediate
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PARTNERS
PROTECTING
TURTLES
GRAHAM STOCKFELD AND HEIDI KLEINERT
HIGHLIGHT THE VOLUNTEER WORK UNDERWAY
TO PROTECT FRESHWATER TURTLE POPULATIONS
ON GUNBOWER ISLAND.

The long-term future of freshwater turtle
populations on Gunbower Island in Victoria,
look bright thanks to the hard working efforts
of Turtles Australia (Inc.) to protect their nests
from predation.
Turtles Australia is a volunteer organisation
whose mission is to protect all Australian
freshwater turtle species, and to prevent
extinction by ensuring sustainable populations
can and do exist in the wild.
The organisation is working closely with
the North Central Catchment Management
Authority (CMA) to understand the health
and status of three freshwater turtle species,
the Broad-shelled Turtle (Chelodina expansa),
Eastern Long-necked Turtle (Chelodina
longicollis) and Murray River Turtle (Emydura
macquarii macquarii) located on Gunbower
Island between Gunbower Creek and the
River Murray.

Fox predation
Turtle nests are usually built near water and are readily exposed to
predation from native and introduced animals, particularly foxes. From
evidence gathered by volunteers on Gunbower Island, a significant number
of turtle nests are destroyed in the first few days of the eggs being laid.
The Broad-shelled Turtle is listed as a threatened species, with
low numbers being observed across the Murray–Darling Basin. These
freshwater turtles live long lives, are slow to mature and lay few eggs so
disturbance from fox predation has a huge impact on the population
and its ability to recover.
To protect the species from fox predation and enhance local
populations, the location of turtle nesting areas needed to be mapped and
considered when planning the North Central CMA’s fox control program.

Nest protection
To ensure the information gathered would be robust, the volunteer group
and the North Central CMA set some specific aims. The main aim of the
nest protection program is to decrease egg and hatchling mortality by
preventing the predation of foxes. Other aims are to:
•
identify nest site locations to assist in future planning of fox baiting
programs and any other future management actions at these sites,
•
produce accurate location maps of as many nest sites as possible,
•
survey the turtle’s nest sites post nest protection to identify successful
breeding and the impact of nest protection,
•
record nest temperature. By placing temperature data loggers in nests
as eggs are being laid, data on egg temperature during incubation can
be collected. This information will be sent to the University of Canberra
for analysis as knowledge of nest temperature is currently limited.

FOR FURTHER INFORMATION
Heidi Kleinert — heidi.kleinert@nccma.vic.gov.au
Graham Stockfeld — turtles@iinet.net.au
www.turtlesaustralia.org.au
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Turtle survey ﬁndings
During March and April 2011 volunteers from Turtles Australia surveyed
turtle nest activity along Gunbower Creek with the aim of protecting any
nests from fox predation. Protecting turtle nests is effective and simple:
•
detect female turtle in process of nesting,
•
once the female has completed laying her eggs and left the nest,
place a piece of plastic trellis (mesh screen) over the nest and peg
securely in place (procedures are in place to do this).
The volunteers also talked to locals to find turtle activity. They advertised
in local shop windows asking the communities of Cohuna, Koondrook and
Gunbower to contact them with any turtle sightings. From this, new turtle
nesting sites were quickly identified.
During the survey more than 70 raided nests were identified while
13 nests were protected. Data collected included species, number of eggs,
condition, age, notes, GPS location and number of nests protected. This
information was mapped and used to plan the 2011–12 North Central
CMA fox baiting program.
The volunteers have revisited Gunbower Island several times to
monitor the 2011 Broad-shelled Turtle nest protection sites. Results show,
for nests protected, no foxes have raided their eggs. Successful hatching
and breeding has occurred at all sites which could be identified (some
had been disturbed by farming practices).

Fox management
As part of the Caring for our Country funded ‘Gunbower Wetlands
Enhancement Program’, the North Central CMA implemented a fox
baiting program over a 110 hectare area around Cockatoo Lagoon in 2011.
Pre-bait spotlighting indicated fox populations appeared to be high due to
favourable environmental conditions, such as water and abundant food
sources including mice, ducks and turtles from River Murray floods
and environmental flows.
It was predicted there would be a high level of bait takes. But this was
not the case with a low number being recorded. It is difficult to determine
the reason for low bait takes, but factors such as alternative food sources
could have contributed.

Long-term monitoring

ENVIRONMENTAL FLOW BENEFITS
Gunbower Creek contains a diverse and
signiﬁcant population of native ﬁsh species.
The site is considered to be a valuable refuge
and source of ﬁsh for the re-colonisation of
surrounding waterways, such as wetlands
and the River Murray. A winter–spring 2012
environmental ﬂow event was delivered
water along Gunbower Creek as a series of
freshes and base ﬂows to build resilience and
enhance native ﬁsh populations to contribute
to The Living Murray icon site objectives:
• Increase in the abundance of native ﬁsh
species so each exhibits a robust population
structure, with a focus on the recovery of
threatened species.
• Allow for movement of native ﬁsh in and
out of habitat types (creek, river, wetlands
and ﬂoodplain) for feeding and breeding.
Gunbower Forest and Gunbower Creek have
received environmental water since 2003.
One nest showed no sign of having hatched
when revisited in March and October 2011.
In November 2012 volunteers returned to
the same nest site where the female Broadshelled Turtle female had been observed laying
15 eggs in April 2011, almost 600 days had past.
The team decided to excavate the nest and
surprisingly two live turtles were found and
a third egg was in the process of hatching,
possibly stimulated by the small amount of
water used to soften the earth. With lack of rain
and the hard clay soil proﬁle it was predicted
without intervention the new hatchlings may
not have been able to dig themselves out of
the nest and may not have survived.

Turtles Australia will continue to identify more turtle nest sites each time
they visit Gunbower Island and Creek and are becoming widely known in
the local community. The group is working alongside North Central CMA,
Yorta Yorta Nation Aboriginal Corporation and other CMAs as well as
actively promoting further turtle research.
The organisation recently assisted the funding of a Charles Sturt
University honours student to carry out Broad-shelled Turtle research in
Gunbower Creek. They have also collaborated with the Field Naturalists
Club of Victoria to install infra-red cameras at ‘hotspots’ to monitor first
hand turtle and fox activity.
Turtles Australia is slowly raising the profile of turtles and by merging
its data with historical records, oral histories and scientific research
freshwater turtle knowledge is increasing and it is hoped in the long-term
populations will be enhanced.

Title image: Broad-shelled turtle, and above, a newborn.
Both photos David Kleinert.

The Australian River Restoration Centre’s
mission is to:
Support, facilitate and provide opportunitiess
for Australians to work together to protect,
maintain, restore and celebrate our riverine
environments.
We do this by providing a range of free and
commercial services, with all proceeds going
back into the ARRC to continually improve, update
te
and invest in the best knowledge, resources and
opportunities for sharing information provide
across Australia. We also have strong international
links to the European and Asian River Restoration
Centres, as well as with organisations doing similar
work in Canada and North America. Come and
join the ARRC community by visiting the website,
subscribing to our blog, sharing your knowledge
and letting others know about our work.

www.arrc.com.au
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Keep in touch with us
on Facebook, Twitter and
LinkedIn! We post daily
to our sites and you are
welcome to add comments
and get conversations going
about river matters that
are important to you!

