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Executive summary
This report provides a synthesis of the condition of The Living Murray (TLM) icon
sites in 2011–12 within the broader context of a) the transition from drought to wetter
conditions and b) progress in the implementation of The Living Murray Program.
The synthesis includes antecedent conditions (pre 2011–12) and environmental
water application during 2011-12. Synthesis of outcomes can be used to support
both reporting and adaptive management objectives. The report offers some insight
as to trajectory of change for the River Murray system as evidenced by TLM findings.
The effects of the drought included system wide declines in tree condition. For native
fish, the drought was associated with widespread loss of wetland habitat, whilst the
main channel was protected through flow regulation. Waterbirds also underwent
significant declines in abundance and diversity from 2007 to 2010.
The return of wet conditions and two significant floods have been associated with
some dramatic improvements in the condition of the River Murray system, and some
more complex responses within different biota and at different sites.
There have been widespread improvements in tree condition and increases in
floodplain and wetland vegetation diversity. The increases in vegetation diversity
have not been universal but it is expected that diversity will increase through the
drying phase, post flooding. As a consequence, the vegetation community appears
to be on a positive trajectory, although scope for further improvement in some
indicators (e.g. tree condition) would appear to be limited, thus the expectation from
now on may be one of maintenance rather than improvement.
For the fish community, the results are less clear. Invasive fish abundance increased
dramatically in response to the first flood, and then declined. There was also a
significant decline in native species abundance between 2010–11 and 2011–12.
While it is difficult to be definitive about the cause, it is possible that this decline was
due to the blackwater event in the River Murray Channel. The fish community has
changed and the causes and implications of these changes are not well understood.
For the waterbird community, 2011–12 saw an increase in species richness and
abundance relative to recent preceding years. Analysis of waterbird community
composition reveals significant differences among sites and less variation among
years (with some exceptions). It is difficult to interpret these results in terms of a
trajectory however the return of wetter conditions does appear to have benefited
waterbird communities.
There are a number of knowledge gaps highlighted by the changes in condition that
occurred between 2010–11 and 2011–12. The first of these stems from the
blackwater event in 2010–11. While the anoxic blackwater event was recognised as
a significant disturbance, there was little information available concerning the longterm consequences of the event. In the Coorong, the distribution and abundance of
Ruppia tuberosa declined in 2011 despite having shown some signs of recovery in
2010 and further effort to restore a suitable flow regime and adequate seed dispersal
may be required. Despite the flood in autumn 2012, vegetation diversity declined at
1

two sites and increased at the site at which floodwaters were excluded (Hattah
Lakes).
Pointing to a conundrum for water managers, macrophytes declined in response to a
natural flood and the overbank flood led to an increase in the abundance of invasive
Carp and Gambusia in the Hattah Lakes. While the overall benefits of natural floods
are clear, there may be some species at risk from natural floods in some
circumstances (e.g. high suspended sediment or vulnerable to invasive species). It is
not clear what, if any, management adaptation may be required. Identifying
appropriate management responses may rely on improving our understanding of the
long-term response of the vegetation, fish and waterbird communities to floods.
Synthesis of results reveals there are a number of issues associated with identifying
a trajectory of change for the sites of the River Murray system. The TLM program
seeks to restore the River Murray to a ‘healthy working river’. A natural River Murray
would have experienced cycles of wetting and drying that would have been
associated with dramatic changes in condition. Further, the TLM program is
attempting to assess changes in condition within a highly dynamic context of climate
variability. The clearest signals emerging from the TLM condition monitoring are
those associated with the transition from drought to flood. The challenge of then
identifying the contribution of the TLM program to current condition is complex.
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Introduction
The Living Murray (TLM) program was established in 2002 to restore the health of
the River Murray to ensure it was sustained as a ‘healthy working river’ (MDBA
2011a). As the program has been operating for 10 years, there are some important
questions to ask in terms of the outcomes achieved to date, such as:
1. What story has the monitoring told in 2011–12 about the condition of the icon
sites?
2. What evidence does the TLM Monitoring Program provide on the outcomes of
environmental flows, environmental works and measures including
resnagging, fishways and regulators?
This report has synthesised the outcomes of TLM environmental monitoring in the
River Murray in 2011–12 within the broader context of progress toward the TLM
objectives.

Project background
The Living Murray program was established in 2002 to restore the health of the River
Murray to ensure it was sustained as a ‘healthy working river’ (MDBA 2011a). Since
it began, the TLM program has recovered about 500 GL of environmental water
entitlement, established appropriate planning and operational processes for the
delivery of environmental water and progressed projects designed to improve the
Murray–Darling Basin Authority’s (MDBA) capacity to deliver water to the icon sites.
The underlying hypothesis was that by focussing management effort on six icon sites
the overall health of the River Murray system would be improved (MDBA 2011c).
Subsequently, the focus has been on the icon sites (Figure 1), specifically:
 The River Murray Channel, where the focus has been on resnagging,
construction of fishways (by incorporating existing programs into TLM) and
managing blackwater events.
 Barmah–Millewa Forest, where the focus has been on optimising outcomes of
environmental flows.
 Gunbower–Koondrook–Perricoota Forest, where there has been the delivery
of environmental flows and the development of infrastructure to facilitate
delivery of flows in the future.
 Hattah Lakes, where the development of pumping facilities and the
development of regulators will enable significant water allocations to be used
into the future.
 Chowilla Floodplain and Lindsay–Wallpolla Islands, where there has been the
delivery of environmental flows and the development of major infrastructure to
facilitate delivery of flows in the future.
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 Lower Lakes, Coorong and Murray Mouth, where there has been the delivery
of environmental flows to improve condition and avoid acidification.

Figure 1. Location of The Living Murray icon sites (MDBA 2012e)

The Living Murray program has established a monitoring program (MDBA 2011b),
comprised of three major components:
1. Monitoring at the River Murray system-scale to determine if the health of
the River Murray system improves following implementation of The Living
Murray and its focus on the six icon sites.
2. Monitoring at each icon site to determine their environmental condition.
3. Intervention monitoring, where the ecological response to specific
watering events and environmental management actions implemented
under The Living Murray are assessed. Intervention monitoring projects
provide understanding of how the ecological responses to specific
environmental management actions result in changes at icon sites.
Intervention monitoring also includes compliance monitoring of the
volumes of environmental water delivered and the hydraulic outcomes
achieved along with monitoring to evaluate and manage risks and negative
impacts.
This report provides a synthesis of the condition of TLM icon sites in 2011–12 within
the broader context of the transition from drought and progress in the implementation
of The Living Murray. Synthesis of outcomes can be used to support both reporting
and adaptive management objectives.
4

Project Scope
Given the level of information collected by the TLM Monitoring Program, there is a
clear need to synthesise the range of information into a succinct form that reports on
the status of the icon sites and the River Murray system. To do this, this project
reviewed information from TLM Icon Site Monitoring Synthesis Reports and other
documents provided by MDBA which included (but was not limited to):
 TLM watering decisions
 Environmental Water Management Plans for each icon site
 Intervention Monitoring Reports for events in 2011–12
 Sustainable Rivers Audit (SRA) second assessment
 Refereed scientific literature.
This report has a hierarchical approach with the following broad structure:
 Long-term information on the condition of the River Murray including a general
description of the River Murray and a broad assessment of its condition.
 Short-term information on the condition of the River Murray including a
description of the effects of the drought and the following two wet years.
 The condition of the icon sites and what is known of the changes in condition
over the last few years, culminating in a description of their condition in 2012.
This material is largely drawn from Icon Site Monitoring Synthesis Reports.
 Where appropriate results exist, it reports on the responses of the icon sites to
individual events. The short-term responses will be linked back to the targets
for each of the icon sites.
 A summary of the ways that the short-term environmental responses
contribute to the achievement of TLM objectives.
The focus of the synthesis is on:
 Integrating the findings of all TLM Monitoring Projects including the findings
from the Icon Site Annual Synthesis Reports.
 Providing a narrative as to the direction of change in condition over time or
trajectory of the River Murray system and the icon sites based on those
monitoring findings.

5

River Murray Climatic Conditions and Flow
Antecedent conditions
The Murray–Darling Basin was affected by a severe drought between 2000–01 and
2009–10 which reduced average flows over those ten years compared to the long
term average (Figure 2). In 2010–11 there was significant rainfall resulting in good
inflows and natural flooding across the Murray–Darling Basin (Figure 2). While this
drought-breaking flood filled storages and wetlands and inundated floodplains, it also
produced a blackwater event that affected 2000 km of river channels and lasted six
months (Whitworth et al. 2011).

Figure 2. The inflows for the River Murray system over the long term (1891 to 2012), the last
10 years and the last six water years (includes inflows to Menindee, excludes Snowy River
releases) (MDBA 2012e).

The year 2011–12
The early part of the 2011–12 water year began with below average rainfall that
persisted until October. Despite the low rainfall, the wet catchments meant that
inflows remained above average throughout winter but then declined in October.
Inflows to the lower parts of the River Murray were supplemented in December by
releases from Menindee Lakes. The Lakes were filled by significant rainfall in the
northern Basin in late November and early December 2011. Heavy rainfall also
occurred from January to March which increased inflows and caused widespread
flooding in many catchments. Peak flows into South Australia from the combined
Murray and Darling River floods reached around 60 000 ML per day in April 2012.
River Murray system inflows in the south of the Basin for the year were
approximately 11 700 GL compared to 17 700 GL in 2010–11 and the long-term
average of 9300 GL. River Murray system inflows during March 2012 were
6

approximately 2200 GL (Figure 2); the highest ever recorded for the month, more
than doubling the record set in March 2011 of about 1000 GL (Figure 3).

Figure 3. Long-term monthly average flow and daily flow in 2011–12 in the River Murray at
Euston and flowing into South Australia (figure provided by MDBA).

Environmental water delivered in 2011–12
The wet conditions supported the delivery of 1225.9 GL of environmental flows to
achieve River Murray environmental objectives. The major allocations were
delivered by the Commonwealth Environmental Water Holder (577.4 GL), the
Barmah–Millewa Environmental Allocation (279.6 GL) and TLM regulated water
allocation (239.8 GL). The flows were allocated to four of the icon sites to achieve
bird, fish and vegetation objectives (Table 1). The only site that did not receive an
environmental allocation was Hattah Lakes where flows were excluded to protect the
construction of environmental water delivery infrastructure.
Table 1. Icon site environmental water volumes committed on the River Murray for 2011–12
(MDBA 2012f).
Asset

Volume Source
(GL)

Timing

Objective

Barmah
Millewa
Forest

120

TLM

Sep

Vegetation condition

Barmah
Millewa
Forest

280

Barmah–Millewa Environmental
Water Allocation

Nov

Bank stability
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Asset

Volume Source
(GL)

Timing

Objective

Barmah
Millewa
Forest

15

NSW Adaptive Environmental Water

Nov – Jan

Fish spawning and
bird breeding

Barmah
Millewa
Forest

10

Victorian Environmental Water

Nov – Jan

Fish spawning and
bird breeding

Gunbower
KoondrookPerricoota

6.1

TLM

Nov –Dec

Fish populations

Fish
spawning
and bird
breeding

4.9

Victorian Environmental Water

Nov –Dec

Fish populations

Fish
spawning
and bird
breeding

0.6

TLM

Dec – Feb

Bird breeding

Chowilla
Floodplain

3

TLM

Dec –Mar

Vegetation condition

Lindsay–
Mulcra–
Wallpolla

2

TLM

Mar – Apr

Vegetation condition

3

River Murray Unregulated Flow

110.1

TLM

Oct – Mar

32.3

River Murray Unregulated Flow

196

Commonwealth Environmental
Water

Bird habitat; Fish
spawning and
recruitment; Open
Murray Mouth

Lower
Lakes,
Coorong
and Murray
Mouth

62

Victorian Environmental Water

Icon site condition
The River Murray Channel
For nearly 100 years, flow management in the River Murray system has primarily
been focused on meeting water supply objectives for purposes such as navigation
and irrigation, and in more recent years, some environmental objectives (MDBC
2006). The progressive regulation of the River Murray has changed it from a variable
and somewhat unpredictable system, to a reliable source of water that has enabled
development of inland towns, collectively changing the hydrological and ecological
character (MDBC 2006). There are five defined reaches in the River Murray
Channel (Figure 4) which are:
Reach 1: Hume Reservoir (at Full Supply Level) to Yarrawonga Weir
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Reach 2: Yarrawonga Weir to Torrumbarry Weir
Reach 3: Torrumbarry Weir to Lock 11 (Mildura)
Reach 4: Lock 11 (Mildura) to Lock 3 (Overland Corner)
Reach 5: Lock 3 (Overland Corner) to Wellington

Figure 4. River Murray Channel icon site

Objectives for the River Murray Channel
The Living Murray objectives for the River Murray Channel are to:
 Increase the frequency of ecologically significant flows during spring.
 Overcome barriers to the migration of native fish species between the sea and
Hume Dam.
 Maintain current levels of channel stability.
There is no clear hierarchy associated with these objectives, so for the purposes of
this report, it is assumed that the restoration of spring flows are related to
improvements in the condition of the River Murray and that this can be assessed
through an evaluation of fish, bird and vegetation responses.
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Summary of integrated findings
As yet, there is no dedicated condition assessment for the River Murray Channel;
there are however, several complementary sources of information that inform an
assessment of the condition of the channel. The Sustainable Rivers Audit (SRA) and
River Murray Water-Quality and Macroinvertebrate monitoring provide information on
the condition of the river channel. The TLM aerial waterbird surveys (Kingsford &
Porter 2012); stand condition assessment (Cunningham et al. 2011) and icon site
fish survey components (MDBC 2008c) of the condition assessment include the
River Murray Channel. Finally, TLM intervention monitoring associated with the
installation of fishways and re-snagging also provide useful information.

SRA assessment
The SRA has undertaken two assessments of hydrological alteration, fish and
macroinvertebrates (SRA1: 2004–2007 and SRA 2: 2008–2010) and one of physical
form and vegetation (SRA 2: 2008–2010) during the drought. The SRA ‘Report
Cards’ can be regarded as coarse assessments as they include the River Murray
Channel and a range of tributary sites. Those relevant to this report are the central
and lower River Murray valley assessments which have produced two report
summaries (Davies et al. 2008; Davies et al. 2012).
For fish and hydrological alteration, condition scores within the central River Murray
declined from poor (SRA 1) to very poor (SRA 2) between 2004–07 and 2008–10.
The substantially reduced number of native fish species was below that expected,
possibly reflecting the effects from severe ongoing drought and the resultant low flow
conditions. In contrast, macroinvertebrate community condition remained largely
unchanged (poor) between the two assessments.
Within the lower River Murray, fish, macroinvertebrates and hydrology were all rated
as poor for SRA 1 with no change for fish, a decline to very poor for hydrology and
an improvement to moderate for macroinvertebrates in the subsequent SRA 2
assessment.
River Murray water quality monitoring
The River Murray Biological (Macroinvertebrate) Monitoring Program was
established in 1980 to ‘systematically sample and record the aquatic
macroinvertebrate populations of the rivers in such a way as to provide a substantial
long-term biological record to complement the existing physical and chemical data to
detecting changes in water quality and environmental conditions in the River Murray
and its tributaries’. Over this 33 year period, the monitoring has detected significant
changes in the macroinvertebrate community in response to changes in water quality
and physical habitat. Since the flooding of the early 1990s, there has been a shift in
macroinvertebrate community structure that has continued throughout the 2000s and
is associated with intensifying drought conditions (Cook et al. 2011a; Paul et al.
2013). The changes identified were consistent with reduced water availability, loss of
flowing habitat and reduced water quality. In particular, the diversity and abundance
of taxa within the Diptera (true flies) and some non-insect groups, including
Oligochaeta (segmented worms), and Nematoda (round worms) have increased.
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These taxa have generally short lifecycles, are small bodied, tolerant and
opportunistic taxa that are typically associated with disturbed habitat or habitats with
poor water quality and/or flow conditions (Rapport et al. 1985; Ledger et al. 2011).
There was a general intensification of drought conditions and reduction of water
availability in the River Murray system during the 2000s and this intensification is
reflected in the gradual, but continued change, of the macroinvertebrate community
towards one that is characteristic of harsh climates.
With the onset of flooding in winter 2010, that continued through to 2012, the trend
observed during the 1990s and 2000s ceased. The changes in community structure
associated with the increased flows included stabilisation or declines in overall
abundance (associated with the small, tolerant rapid lifecycle taxa) and in particular
the abundance of the Diptera decreased at most sites (Paul et al. 2013). However,
not all of the detrimental changes identified in Cook et al. (2011) have ceased. The
contribution of some non-insect groups has continued to increase across all sites
and the reduction in the contribution of some sensitive taxa (in particular, mayflies)
has continued at a number of sites along the River Murray (sites 801 and 804).
TLM mapping and assessment of stand condition
The stand condition of River Red Gum and Black Box within The Living Murray icon
sites were assessed and reported in 2012 (Cunningham et al. 2013). The condition
was assessed using a combination of remotely sensed data, modelling and ground
surveys. Quantifications have been made for the River Murray floodplain and icon
sites for the years 2010 and 2012 which encompass the end of the extended drought
and the following two wet years. It is important to note that many of these sites would
not have received overbank flows during the last decade or during the 2010–2012
wet period.
Over the course of the drought, stand condition of River Red Gum and Black Box
along the River Murray declined; the proportion of trees in good condition declining
from 39.6% in 2003 to 27.9% in 2010. This was associated with increases in the
proportion of trees in moderate (32.5 to 39.2%) and poor (14.5 to 21.6%) condition
over the same period (Cunningham et al. 2013).
Over the period 2010 to 2012 (return of wetter conditions) there was an increase in
the proportion of trees in good condition (27.9% to 31.1%) and a decrease in
severely degraded trees (4.1% to 0.4%) (Cunningham et al. 2013). There was also
a decrease in the proportion of trees in moderate condition (39.2% to 27.2%) with
around 8% of trees declining from moderate to poor condition. The survey covered
an area up to 2 km on either side of the river channel. 52.3% of the red gums (close
to the river channel) were in good condition, conversely only 5.4% of the black box
community was in good condition. The black box community tend to be located
further away from the river channel and usually on higher ground. Therefore, trees
on higher ground that were not inundated by the floods continue to decline in
condition.
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TLM annual aerial waterbird survey of the River Murray site
Waterbird surveys of the TLM icon sites have been conducted annually between
2007 and 2011 (Kingsford & Porter 2012). Within the sections of the River Murray
Channel surveyed, the highest waterbird numbers were found in 2007 (739).
Numbers declined in 2008 (193) and 2009 (36), before recovering in 2010 (206)
while increasing a further 40% in 2011 (345). Changes in waterbird diversity
followed a similar trend with declines from 16 species in 2007, to six in 2008 and five
in 2009, before recovering to 14 in 2010 and 17 in 2011. The change was influenced
by increases in the proportion of herbivores and piscivores during the drought,
followed by a return of ducks and wading birds in 2011.
In addition to the condition assessments, there are also two major interventions
(fishway installation and re-snagging; discussed below) within the channel that seek
to improve the condition of the native fish community and each is associated with
intervention monitoring that can be used to inform an assessment of condition.
TLM River Murray fishway monitoring
The former Murray–Darling Basin Commission (now MDBA) initiated a program of
fishway construction in 2001 as part of the Native Fish Strategy. Monitoring of the
fishways seeks to answer four questions:
1. Are the fishways allowing passage of a full range of size classes and
species of fish?
2. Are the fishways performing to design specifications in terms of hydraulics
and fish passage?
3. Are the fishways reducing accumulations of fish downstream of barriers?
4. Are the fishways contributing to positive changes in the abundance and
diversity of native fish in the river?
The data collected to answer questions 3 and 4 may be used to inform an
assessment of the condition of the fish community in the River Murray. A
combination of electrofishing and modelling has been used to assess the
accumulation of fish downstream of Locks 1, 2 and 3 from 2003 to 2012. The output
suggests that the fish community is dominated by Carp and that native fish
abundance has varied from month to month but has been relatively stable over the
nine-year period (DPI 2012).
Fish migration and dispersal is, in many cases, a critical life history phase and
monitoring of the passage of fish through fishways provides some insight into the
condition of the fish community. Results of fishway monitoring at Locks 1, 5 and 6
have identified 14 species of fish using the fishways with the most common species
being Common carp (alien species), Australian smelt and Golden perch (DPI 2012).
As all the fishways are yet to be completed and some are being modified, these data
12

represent a baseline for assessing the effectiveness of the fishways in contributing to
improvements in the River Murray fish community.
TLM resnagging monitoring
As part of TLM, a large-scale resnagging program was undertaken to improve
instream fish habitat in the River Murray from Lake Hume to Yarrawonga (Lyon et al.
2012). The resnagging works commenced in 2004 and were completed in 2007. The
re-snagging monitoring project began in 2007 and had an experimental design that
called for seven years of monitoring to ensure the benefits of resnagging for largebodied, long-lived fish species could be assessed. Comparisons have been made
between the intervention reach and two reference reaches (no intervention), one in
the River Murray and another in the Ovens River.
De-coupling the effects of other key drivers, such as changes to hydrology, provide a
challenge to the interpretation of results especially over small time scales. The most
noticeable effect on fish populations was seen in the intervention reach with an
increasing trend in Murray cod numbers between 2007 and 2010. In two of the three
reaches, reference reach 1 (which comprised Lake Mulwala and the lower reach of
the Ovens River to its junction with the River Murray) and the intervention reach,
there was a gradual increase in total fish caught during the drought with a dramatic
increase of 175% in the resnagged reach from 2007 to 2008 (Lyon et al. 2012).
Numbers were variable in the period 2009 to 2012 (last two years were wet). The
resnagging monitoring report concluded that the increase in river levels during this
time had reduced electrofishing catch efficiency, thereby reducing the numbers
caught. In 2012, total fish and Murray cod numbers increased in both the resnagged
reach and the downstream reference reach, surpassing the 2010 levels in the
intervention reach only (Lyon et al. 2012). The post drought recovery in fish numbers
at all three reaches has been a single year event only (2012) and as such, it is not
yet clear whether this pattern will continue as a response to either resnagging or
environmental flows. Murray cod is a species strongly associated with woody habitat
and is expected to emerge as a key indicator species for the resnagging effort
(Koehn 2009).
The two reference reaches had no resnagging interventions, but experienced the wet
years of 2011 and 2012. In reference reach 1, there was an increase in population
size over a three year period to 2011, while in reference reach 2, there was a
decrease over a similar period. With two of the three reaches responding during the
wet period and the short time span of monitoring beyond the drought years, it is not
clear which mechanisms are responsible.
TLM icon site fish surveys
Each of the floodplain icon site fish surveys includes sampling within the River
Murray Channel. These data are not however reported consistently, or in some
cases separately, in the synthesis reports and it is therefore difficult to provide an
overall summary.
Data from Gunbower and Chowilla indicated that the number of species was similar
to previous years (GB CMA 2013; DEWNR 2013). At Barmah and Chowilla, the
13

proportion of invasive species increased with large numbers of small Carp being
reported at Barmah in 2010–11. A similar spike in invasive species abundance
appears to have occurred at Hattah Lakes and Lindsay–Wallpolla Islands in 2011–12
(MDFRC unpublished data).

River Murray Channel summary
Drought
Within the River Murray Channel, the drought was associated with declines in the
condition of the waterbird, native fish, macroinvertebrate and vegetation
communities.
The year 2011–12
The return of wetter conditions in 2010–11 and 2011–12 has been associated with
the waterbird community increasing in abundance (345 individuals) and diversity (17
species). Tree condition also improved in areas that were inundated, but areas that
remained dry continued to decline. The response of the fish and macroinvertebrate
communities is less clear, with considerable variation occurring among sites. Overall,
fish diversity appears to be similar to previous years, but abundances have declined
in some areas due to blackwater events. There does appear to have been an
increase in the numbers of invasive species, particularly Carp at most sites. The
Sea to Hume Dam Fishway Program has facilitated fish dispersal, particularly during
periods of high flow while the Lake Hume to Yarrawonga resnagging, appears to
have had a positive influence on at least Murray cod population abundance.

Contribution to site TLM objectives
Increase the frequency of ecologically significant flows during spring.
The hydrological objective is not assessed by ecological monitoring although the
ecological significance of the flows could be assessed by appropriate intervention
monitoring. Ecologically significant flows have been delivered in previous years but
this has not been relevant in 2011–12 due to the timing of unregulated high flows.
Overcome barriers to the migration of native fish species between the Sea and
Hume Dam.
The monitoring of fish passage through the fishways indicates that TLM has
contributed to achieving this objective by both facilitating movement past barriers
and providing high flows, which stimulate fish movements (David & Closs 2002,
Koster & Crook 2008).
Maintain current levels of channel stability.
Achievement of this objective cannot be informed by ecological monitoring.
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Summary of trajectory
The River Murray Channel appears to have experienced decline in condition during
the drought. More recently waterbirds and trees close to the channel have shown a
positive response to the return of wetter conditions. Trees that were not influenced
by the flooding continue to decline in condition. The responses of the fish and
macroinvertebrate communities are less clear. The challenge of quantifying changes
in condition is somewhat greater for the main channel of the River Murray due to a
number of factors, including:
 Variations in character. The River Murray Channel is not a homogenous
system; its channel morphology, flow regime and water quality vary from the
Great Dividing Range to the Sea. This variation has been acknowledged by
the SRA that divided the river into several reaches.
 Variations in stressors. The river channel ecosystem experiences a variety of
pressures that vary in terms of both their intensity and the stresses they exert
on the system. One of the main pressures, from a TLM perspective, is flow
modification which results in strong seasonal flow reversal in the Hume Dam to
Yarrawonga reach, a reduction in flows below Barmah and then the creation of
still water conditions in the South Australian reach. Other pressures include
land use changes, invasive species and water quality changes that vary along
the length of the river.
 Variations in condition. Given the variations in character and stress, it is not
surprising that the condition of the River Murray also varies along its length
and this condition will have an influence on the system’s response to changes
such as the restoration of flow or habitat (snags).
Given the complexity of the system and the limited information available, it is difficult
to make any general comments about the trajectory of the system or to infer the
system scale significance of regional changes, particularly for the fish community.
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Barmah–Millewa Forest
The Barmah–Millewa Forest (BMF) icon site supports the largest River Red Gum
(Eucalyptus camaldulensis) forest in Australia and forms the largest and most intact
freshwater floodplain system along the River Murray (Figure 5). The Barmah
floodplain system is also habitat for numerous plant and animal species (including
birds, fish and reptiles) and supports colonies of breeding waterbirds during
appropriate seasonal conditions (MDBA 2012a). The Barmah–Millewa Forest is a
triangle of predominantly River Red Gum forest covering an area of 66 000 ha.
Flooding is highly regulated via the use of regulators and levees that prevent water
flowing onto the floodplain, allowing the water level in the main river channel to be
maintained at capacity without loss of water. Once inflows exceed 11,000 ML day-1
at Tocumwal, regulators are opened and flooding occurs (Ecological Associates &
SKM 2011).

Figure 5. Location of the Barmah-Millewa icon site (GB CMA 2012, modified from MDBA).
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Objectives for the Barmah–Millewa Forest
In 2003, the Murray–Darling Basin Ministerial Council, as part of the first step for The
Living Murray developed interim ecological objectives for each icon site to enhance
forest, fish and wildlife values (MDBA 2012a). For Barmah–Millewa Forest these
were:
 Successful breeding of colonial nesting waterbirds.
 Healthy vegetation in at least 55% of the forest area.
These overarching objectives were further reviewed and refined to develop
ecological objectives for the BMF (MDBA 2012a) (Table 2).
Table 2. The refined objectives for the Barmah–Millewa Forest

Icon site ecological objectives
Overarching objectives

Detailed objectives

Targets

To maintain and,
where practicable,
enhance the
ecological character
of the Barmah–Millewa
floodplain.

To maintain and, where practicable, enhance
the ecological character of the Barmah–
Millewa floodplain.

To maintain and,
where practicable,
enhance the
ecological character
of the Barmah–
Millewa floodplain.

VEGETATION

Promote healthy and diverse vegetation
communities, with an emphasis on restoring
natural range and distribution of Giant Rush,
Moira Grass, River Red Gum forest and
River Red Gum woodland in at least 55% of
the Barmah–Millewa icon site.

Under development

Restore the extent,
distribution and health
of wetland and
floodplain vegetation
communities.

Promote healthy and diverse vegetation to
provide suitable breeding and foraging
habitat for a diverse range of waterbirds and
bush birds.
WATERBIRDS
Provide suitable
feeding and breeding
habitat for a range of
waterbirds, including
colonial nesting
species.
FISH
Support successful
breeding and
recruitment of native
fish species.

Promote and sustain breeding events for
thousands of colonial and migratory
waterbirds in at least three years in ten. This
will be achieved by inundating selected
floodplain and wetland areas, thereby
providing suitable nesting and feeding
habitat.

Under development

Promote the successful recruitment of native
fish species by improving flow variability in
spring and early summer to replicate natural
cues and by inundation of floodplain and
wetland areas to provide breeding and
nursery habitat.

Under development
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Overarching objectives

Detailed objectives

Targets

OTHER WATERDEPENDENT

Facilitate successful breeding and feeding
opportunities for native frog species by
seasonal inundation of selected floodplain
and wetland areas for the appropriate
season and duration as required for each
species.

Under development

SPECIES
Provide high quality
feeding, breeding and
nursery habitat for
native frogs, turtles
and crayfish.

Facilitate successful breeding of native turtle
species by inundation of selected floodplains
and wetland areas to provide suitable
breeding and nursery habitat.
Facilitate appropriate management to ensure
the sustainability of crayfish populations.
Facilitate appropriate management
measures to control the abundance and
spread of invasive aquatic species.
Facilitate appropriate geomorphology
management in selected waterways.

Summary of integrated findings
Drought
Commencing in 1997, the BMF entered an extended period of drought with many
parts of the floodplain not being inundated since natural flooding in 1996 (MDBA
2012e). In the summer of 2005–06, parts of the BMF received an environmental
water allocation released on the back of rain-induced high flows. This watering
event was undertaken to address the interim ecological objectives for this site
(MDBC 2007). As a result of this watering event, 55% of the forest that was
inundated was estimated to be in healthier condition compared to areas that had not
been inundated (MDBC 2007).
During the following drought years, smaller environmental allocations were made; in
2008 to refresh remaining waterholes to support floodplain fish species and turtles
(MDBA 2008b); in 2009 to support vegetation and provide foraging habitat for birds
(MDBA 2010) and in 2010 to support widespread natural flooding (MDBA 2011b). As
a result of these environmental allocations, parts of the Barmah–Millewa Forest were
accorded some relief from the worst effects of the drought. However, over much of
the forest, the condition of trees declined with the proportion of stressed trees
increasing from 60% in 2003 to 72% in 2010 (Cunningham et al. 2009, 2013).
Although the diversity of understorey vegetation remained reasonable, growth was
minimal and much of the forest floor became covered by dry litter or remained bare
(MDBC 2008b). The exceptions were the wetlands that were allocated environmental
flows such as Boals Deadwood and Reed Beds Swamp where Giant Rush (Juncus
ingens) was reported to be in good condition (Ward 2007).
A consequence of the drought was the establishment of Giant Rush and its
encroachment into Barmah Lake and other wetlands within the Barmah–Millewa
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Forest in 2007. In Barmah Lake, germination occurred over 15–20% of the lake bed
due to prolonged shallow flooding during spring. By 2009–10, approximately 70% of
the lake bed had become covered by 2.5 m tall rush thickets. This encroachment
had the effect of reducing the amount of open water habitat previously available to
other wetland plant species (MDBC 2008b).
For the fish community, the effects of the drought were mixed. In 2005–06,
environmental flows had a positive outcome for native fish, providing opportunities
for them to move into creeks and channels on the floodplain (Jones 2006). There
was an increase in spawning activity in Golden perch and Silver perch and increases
in juvenile Murray cod, Trout cod and Southern pygmy perch (King et al. 2007).
During the drought, the number of species present in the forest appears not to have
declined but the continued low flow conditions resulted in a significant reduction in
the spawning and recruitment of most native fish, including Carp gudgeons (MDBA
2008b).
Small wetland species, such as Southern pygmy perch and Dwarf flat-headed
gudgeon, appear to have been severely impacted with their distribution reduced to a
few remaining refuge wetlands (MDBA 2008b). The Murray River rainbowfish and
Carp gudgeons also endured significant habitat reductions. In contrast, some of the
large riverine species increased in abundance due to recruitment in the spring and
summer of 2007–08 when flows in the main channel remained low (King et al. 2008).
During this low flow period, there was an increase in the number of juvenile Carp
collected, despite the lack of flooding that is typically associated with Carp
recruitment (MDBA 2008b) however it was also found that the abundance of smaller
introduced fish such as Gambusia and Redfin perch declined (MDBA 2008b).
The drought also influenced the waterbird community, with very low numbers and
diversity associated with the dry conditions and lack of inundated wetlands. The
limited numbers of waterbirds present were concentrated on those wetlands that
received environmental water in 2005 and 2009, but there was no widespread
breeding in response to these flows (MDBA 2008b).
The year 2011–12
In the spring of 2010, large scale flooding occurred that persisted through to
February 2011. One of the consequences of the initial natural flood peak was the
mobilisation of dissolved organic carbon derived from leaf litter that had accumulated
on the forest floor during the drought, resulting in a significant anoxic blackwater
event downstream of the forest (GB CMA 2012). To minimise the effect of this anoxic
blackwater event, environmental water was initially used to maintain high water
levels in the main river channel and dilute the concentration of carbon returning to
the river (GB CMA 2012). Once the risk of anoxic blackwater was diminished,
environmental water was used to maintain flows above 15 000 ML/day in the main
river channel to extend flooding in the Barmah–Millewa Forest, primarily to ensure
successful completion of waterbird breeding and to meet the flooding requirements
of Moira Grass and River Red Gums (GB CMA 2012). Continued prolonged flooding
then continued throughout 2011 with the result that much of the Barmah–Millewa
Forest remained wet for almost two years. Environmental water was used in the
spring of 2011 to prevent wetlands draining and to allow nesting waterbirds to
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continue breeding. In late spring, a further allocation was used to pulse a flow
through the forest to promote Golden perch breeding (GB CMA 2013).
In the areas that received environmental water during the drought years to preserve
Giant Rush for waterbird nesting habitat, the rush has maintained good health,
indicating the success of the watering strategy. In contrast, in areas that did not
receive environmental water during the drought, Giant Rush has responded poorly
despite a return to natural flooding after 2010 (GB CMA 2012). In areas where Giant
Rush is not desirable, such as on Steamer Plain (where the rush had expanded into
areas previously dominated by Moira Grass), the rush had shown a decline in health
and a suspension to its further encroachment (GB CMA 2013). In this area, the
occurrence of natural deep and prolonged flooding appears to have further stressed
Giant Rush after the drought, which is a desirable management outcome (GB CMA
2013). Moira Grass however, has not responded to flooding in the first three years
after the drought and only occurred at one site, Rushy Swamp, in high abundance
cover (GB CMA 2012; GB CMA 2013). Hence some concern exists that prolonged
drought, followed by prolonged flooding, may have been dual stressor for the
species.
The flooding events across 2011–12 appear not to have stimulated large-bodied
native fish to spawn within the forest (GB CMA 2013). Flooding did however
stimulate the recruitment of the introduced Common carp (GB CMA 2012). Within
the forest, adults of all the expected large-bodied native fish (Murray cod, Trout cod,
Silver perch, Golden perch, etc.) were collected, but juveniles were rare (GB CMA
2013). In comparison, juveniles were collected at sites both downstream and
upstream of the forest, although not immediately downstream which may indicate
recruitment was not occurring within the Barmah–Millewa Forest (GB CMA
2013).The flooding in 2010 resulted in an increase in the number of bird species
recorded in the forest (32 species) compared to 2008 (10 species –Figure 6) (GB
CMA 2012). Continued flooding in 2012 resulted in further increases in the number
of bird species present (GB CMA 2013) and these numbers were comparable to the
number of species recorded pre-drought. Over both breeding seasons, more than 7
000 pairs of birds were observed nesting (Table 3) (GB CMA 2012).
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Figure 6. Waterbird species diversity on wetlands monitored within the Barmah–Millewa
Forest icon site (GB CMA 2012)

Table 3. Most common species of birds nesting in the Barmah–Millewa Forest
Species

No. of pairs

Straw-necked Ibis (Threskiornis spinicolis)

3 300

Australian White Ibis (T. molucca)

1 950

Little Pied Cormorant (Microcarbo melanoleucos)

690

Little Black Cormorant (Phalacororax sulcirostris)

650

Eastern Great Egret (Ardea modesta)

300

Nankeen Night Heron (Nycticorax caledonicus)

>250

Royal Spoonbill (Platalea regia)

133

Contribution to site TLM objectives
Restore the extent, distribution and health of wetland and floodplain
vegetation communities.
Environmental flows in 2008 and 2009 were used to sustain Giant Rush and
understorey vegetation in key wetland areas throughout the drought (MDBA 2008b;
2010). The areas of Giant Rush that received environmental water continued to do
well after the floods of 2010–2012 (GB CMA 2013). These stands of Giant Rush
provide critical habitat for nesting waterbirds (GB CMA 2013). Giant Rush stands in
sites that did not receive environmental water were further stressed by deep and
prolonged flooding (GB CMA 2013).
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Support successful breeding and recruitment of native fish species.
Environmental flow allocations in 2005 were observed to promote fish spawning at
Barmah (King et al. 2007). While several of the species were observed to breed
while flows remained low in the main channel (King et al. 2008), it appears that the
environmental flow increased both reproductive efforts by Golden perch and Silver
perch and the recruitment of Murray cod and Trout cod within the main river channel
(GB CMA 2013).
Provide suitable feeding and breeding habitat for a range of waterbirds,
including colonial nesting species.
The allocation of environmental flows in 2005 and 2011 contributed directly to
waterbird breeding events by ensuring the timing and duration of overbank flows
supported completion of waterbird breeding (MDBA 2008b). In addition,
environmental flows allocated in 2008 and 2010 helped ensure that vegetation
condition was sustained so that when overbank flows did occur, there would be
appropriate nesting habitat (GB CMA 2013).

Summary of trajectory
The return of large-scale flooding, supplemented with environmental water
allocations in 2011–12 saw the return of large bird breeding events in the Barmah–
Millewa Forest. More than 8 000 pairs of waterbirds are estimated to have nested
(GB CMA 2013).
In contrast to birds, native fish did not respond to the return of natural floods;this may
have been a consequence of anoxic blackwater and corresponding poor water
quality. It is also possible that the apparent lack of response of native fish may in part
be due to decreased efficiency of electrofishing caused by higher water levels in river
sites (GB CMA 2013). It will be important to track the influence of key stressors on
the system such as the abundance and distribution of invasive species and
blackwater events, to identify potential constraints on the recovery of the system.
The condition of vegetation (e.g. Giant Rush) improved in response to environmental
allocation and natural flooding, but key components (e.g. Moira Grass) continue to
show little indication of recovery (GB CMA 2013). This suggests that the condition of
the Barmah–Millewa Forest has improved since the return of higher flows, but the
improvement appears to be mixed and may have plateaued. Further improvement
may depend on the removal of stressors, such as blackwater events, and a return to
normal summer-autumn dry and winter-spring flooding. If the decline in the native
fish community was due to the blackwater event, in the absence of further
blackwater events the recovery process may continue, or under more typical flooding
regimes there may be an improvement in natural wetland vegetation diversity.
Alternatively, the condition may now fluctuate around the condition observed over
the last two years in response to the conditions prevailing at the time of the
assessment.
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Gunbower–Koondrook–Perricoota Forest
Gunbower–Koondrook–Perricoota Forest, combining Gunbower Forest on the
Victorian side of the River Murray and Koondrook–Perricoota Forest on the New
South Wales side (Figure 7), is the second largest River Red Gum forest in Australia.
This synthesis is based only on the Gunbower Forest Icon Site Synthesis Report
(NCCMA 2013) as there was no condition synthesis available for Koondrook–
Perricoota.
Gunbower Forest is designated as a Wetland of International Importance under the
Ramsar Convention and is also listed in the Directory of Important Wetlands in
Australia (NCCMA 2013). In addition to being a significant conservation unit for
remnant River Red Gum forest and its associated vegetation assemblages,
Gunbower Forest is an important breeding area for colonial nesting waterfowl, of
which certain species are threatened (NCCMA 2013). Gunbower Creek, which
defines the southern boundary of Gunbower Forest, supports significant populations
of threatened endemic fishes (NCCMA 2013).

Figure 7. Gunbower–Koondrook–Perricoota Forest (NCCMA 2013)
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Objectives for Gunbower–Koondrook–Perricoota Forest
The First Step Decision interim ecological objectives developed for Gunbower–
Koondrook–Perricoota Forest were (NCCMA 2013):
 80% of permanent and semi-permanent wetlands in healthy condition.
 30% of river red gum forest in healthy condition.
 Successful breeding of thousands of colonial waterbirds at least 3 years in 10.
 Healthy populations of resident native fish in wetlands.
These overarching objectives have been reviewed and refined to develop ecological
objectives and targets for Gunbower Forest (MDBA 2012b) (Table 4).
Table 4. Ecological objectives and targets for Gunbower Forest (MDBA 2012b).
Vision: To maintain and improve Gunbower Island by enabling native plants and animals to
flourish, restoring the floodplain’s health for future generations.
Overarching objectives

Detailed objectives

Targets

VEGETATION

Promote functioning floodplain

80% of wetlands in

Increase area of healthy

and wetland ecosystems that are

healthy condition by

permanent and semi -

resilient under a range of climatic

2025 (sustainable

permanent wetlands.

conditions.

intact floristic

Successful recruitment of wetland

assemblage).

Ensure maintenance of
healthy River Red Gum
communities.

and floodplain vegetation
resulting in a structurally diverse
landscape.

Maintain Black Box and
Grey Box communities.

Provide suitable habitat for
wetland and floodplain dependent
fauna e.g. waterbirds,

30% of River Red Gum
forest in healthy
condition by 2025
(sustainable intact
floristic assemblage
and tree canopy cover
>60%).

macroinvertebrates, frogs and
fish.
Facilitate an increase in
abundance of threatened flora
species.
WATERBIRDS
Provide suitable feeding,
breeding and refuge habitat
for waterbirds, including

A range of waterbirds present
including waterfowl, colonial
waterbirds and other wetland
dependent species.

Successful breeding of
thousands of colonial
waterbirds
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Overarching objectives

Detailed objectives

Targets

Increase in the abundance of

Increase of 10% in the

native fish species so that each

current population of

colonial nesting species.
FISH

Maintain healthy populations
exhibits a robust population
of native fish in wetlands
structure, with a focus on the
and increase opportunities
for riverine fish to access
recovery of threatened species.
floodplain resources.
Restore the presence of locally

native fish species by
2025.
By 2030, observe the
presence of two native

extinct fish species to Gunbower

fish species currently

Island.

considered to be
locally extinct.

Allow for the movement of native
fish in and out of different
habitats (creek, river, wetlands
and floodplain) for feeding and
breeding.

Range of age/size
classes of each
species.

FROGS
Increase the diversity and
abundance of native frog
species within the forest.

Restore resident populations and
breeding events of native frogs,
especially threatened species.

By 2030, observe the
presence of one native
frog species currently
considered to be
locally threatened or
extinct.

Summary of integrated findings
Drought
The Gunbower Forest received almost no overbank flows during the millennium
drought and this led to an increase in the number of trees in the stressed category,
from 79% of trees stressed in 2003 to 89% stressed in 2010 (Cunningham et al.
2011). For the fish community, the response to the drought appears similar to that
observed at Barmah–Millewa Forest, with increased numbers of some native fish
such as Murray cod, Trout cod and Freshwater catfish in the few wetlands that held
water, including Gunbower Creek. The lack of flow meant that most of the wetland
systems were dry which led to very low waterbird numbers. The worst case was
reported by the aerial waterbird survey of November 2009 which observed only 3
individual Australian wood ducks (Chenonetta jubata) across the entire icon site
(Kingsford & Porter 2012).
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Figure 8: River Murray flows at Torrumbarry Weir from July 1990 to June 2012 with red line
indicating flood discharge (NCCMA 2013)

The year 2011–12
In spring 2010, extensive natural flooding of Gunbower Forest occurred. This

was the first significant flooding of Gunbower Forest in over 10 years (Figure
8), inundating approximately 9000 ha, covering the following fractions of water
regime classes in Gunbower Forest (NCCMA 2013):
1. 60% of permanent wetlands
2. 97% of semi-permanent wetlands
3. 55% of River Red Gum community
4. 20% of Grey and Black Box community
Many of the habitats of Gunbower Forest received substantial natural floodwater
from September 2010 through to June 2012.
There were two major environmental water deliveries during this period. The first
was a total of 645 ML of TLM water delivered to Little Gunbower Wetland Complex
during the period November 2011 through to March 2012 (NCCMA 2013). This TLM
water was used to support Egret breeding and recruitment in this wetland complex
(NCCMA 2013). The second major environmental water delivery was 15 000 ML of
TLM water delivered to Gunbower Creek as ‘freshes’ and baseflows (NCCMA 2013)
to:
(a) build on irrigation supplies and provide benefits to native fish between summer
and autumn
(b) consolidate the benefits to fringing vegetation generated by natural flooding
during 2010–11.
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This TLM water was delivered during November 2011 through to March 2012; during
the same period as TLM deliveries to Little Gunbower Wetland Complex (see above
paragraph).
It is likely that the flooding of Gunbower Forest had substantial ecological benefits.
To detect these benefits, ecological monitoring contracted by NCCMA fell into three
main categories, concordant with the outstanding ecological assets of the site
(NCCMA 2013):
1. vegetation response
2. fish response
3. bird response.

Vegetation
Three specific aspects of the vegetation community of Gunbower Forest were
monitored: stand condition monitoring; condition monitoring of individual trees; and
monitoring of sentinel wetland and understorey plants (NCCMA 2013).
With respect to ‘stand condition’ variables like the ‘plant area index’ and ‘crown
condition’ were measured to document how the health of entire stands of River Red
Gum and Black Box were changing through time. Formal scientific analyses are yet
to take place (NCCMA 2013), but a comparison of stand condition at Gunbower
between 2010 and 2012 provides some indication that the flooding may have
improved stand condition. There also appears to be a trend for an improvement in
individual tree condition in 2012 (NCCMA 2013), compared with their condition in
2009. Importantly, recruitment of seedlings and the proportion of trees with new
growth appear to have increased since the floods.
Gunbower Forest supports a high diversity of sentinel wetland and understorey
plants; 192 species were recorded across Gunbower monitoring sites in 2012
(NCCMA 2013). In 2012, wetland plant diversity was the lowest observed over a
seven-year time series (NCCMA 2013). This is not necessarily a concerning result
and probably represents a natural response to flooding, whereby a highly diverse
terrestrial and semi-aquatic assemblage that thrives during dry phases is replaced
with an exclusively aquatic assemblage, which is less diverse.
Fish
With respect to the fish community as a whole, small-bodied native fishes comprised
the majority of the community by number (89.1%) (NCCMA 2013). The large-bodied
fraction of the fish community was dominated by Carp (77%). Total fish abundance
in 2011–12 was one third lower than that recorded in 2010–11, but this was likely
due to the significant reduction in the number of Gambusia (NCCMA 2013). There
has been a strong decline in native species in wetlands at the site; the only native
species recorded from wetland sites was Carp gudgeon (NCCMA 2013). In
Gunbower Creek and its lagoons, the native fish community is more diverse and at
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least some species (Silver perch, Golden perch, Un-specked hardyhead and
Australian smelt) increased in abundance in 2012 compared to 2011 (NCCMA
2013). The exception is Murray cod, whose abundance has continued to decline
since 2008.
Birds
The spring-summer 2011–12 surveys of waterbirds identified 1196 individuals from
22 species (NCCMA 2013). Throughout these surveys 175 pairs of colonial
waterbirds including; Australasian Darter, Anhinga novaehollandiae, Little Pied
Cormorant, Microcarbo melanoleucos, Little Black Cormorant, Phalacrocorax
sulcirostris, Australian White Ibis, Threskiornis molucca and 56 pairs of the Great
Egret, Ardea alba were observed (NCCMA 2013). Overall, this represented an
increase in diversity over previous years. This increase is not surprising given the
significant natural overbank flooding in the area during 2010–2012 which would have
provided feeding and breeding habitat.

Contribution to site TLM objectives
Increase area of healthy permanent and semi-permanent wetlands
In 2012, the wetland plant community exhibited the lowest diversity yet recorded at
Gunbower Forest, a result that was particularly noticeable within the permanent and
semi-permanent wetlands (NCCMA 2013). This may be a result of large-scale
flooding following severe drought; only further long-term research will show the timescale of plant diversity changes in response to flow. The other component of
wetland health that was monitored, wetland fish diversity, was also poor during 2012
(NCCMA 2013), which may also be part of the transition from drought to flood and
future monitoring will clarify the significance of this observation.
Ensure maintenance of healthy River Red Gum communities
Both stand and mean tree condition showed some marginal improvement in 2011–
12, with some recruitment observed in 2012 following large-scale flooding (NCCMA
2013). Generally, there appears to be improvements in the state of the River Red
Gum population within Gunbower Forest following the drought (NCCMA 2013).
Maintain Black Box and Grey Box communities.
The Black Box and Grey Box populations have exhibited improved condition at the
Gunbower Forest over the 2010–2012 period, following the breaking of the
millennium drought (NCCMA 2013). These plant assemblages of Gunbower Forest
continue to support a diverse understorey of rare and threatened flora (NCCMA
2013).
Provide suitable feeding, breeding and refuge habitat for waterbirds, including
colonial nesting species.
The natural flooding of 2010-2012 provided abundant feeding and breeding habitat
for waterfowl, with a strong breeding response of several species demonstrated
(NCCMA 2013). TLM environmental watering actions to maintain wetland depth may
have improved the recruitment of chicks into the juvenile phase.
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Maintain healthy populations of native fish in wetlands and increase
opportunities for riverine fish to access floodplain resources.
The large-scale natural flooding, in conjunction with opening of key regulators within
the Gunbower system would have improved the dispersal capacity of both native and
alien fishes. Native small-bodied fish diversity was poor following flooding (NCCMA
2013) and it is too early to determine whether floodplain watering will improve
wetland fish diversity within the Gunbower Forest. Certain native species have
increased in abundance within Gunbower Creek, although Murray cod abundance
has declined in the creek (NCCMA 2013).

Summary of trajectory
Monitoring has revealed some hints of system improvement following the breaking of
the millennium drought, caused by extensive natural flooding during 2010-2012,
supported by effective infrastructure operation and targeted environmental water
management at the Gunbower site.
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Hattah Lakes
The Hattah Lakes are an extensive complex of approximately 13,000 ha of lakes and
floodplain set within the 48,000 ha Hattah–Kulkyne National Park and the Murray–
Kulkyne Park (MDBA 2012c) (Figure 9). The site is in north-west Victoria on the bank
of the River Murray between Robinvale and Mildura.
The Hattah Lakes system comprises more than 20 perennial and intermittent
freshwater lakes, ranging in size from less than 10 ha to about 200 ha (MDBA
2012c). Surrounding vegetation communities range from those that require frequent
flooding, such as river red gum woodland, to those that require only periodic
inundation, such as black box woodland and lignum (Muehlenbeckia florulenta)
shrubland (MDBA 2012c) . The lakes and creek lines provide important habitat for
more than 47 waterbird species (MDBA 2012c), including a number listed under
international and national agreements.

Figure 9. Hattah Lakes icon site (Mallee CMA 2013a).
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Objectives for Hattah Lakes
The First Step Decision interim ecological objectives developed for the Hattah Lakes
icon site were (MDBA 2012c):
 Restore healthy examples of all original wetland and floodplain communities.
 Restore the aquatic vegetation zone in and around at least 50% of the lakes to
increase fish and bird breeding and survival.
 Increase the successful breeding events of colonial waterbirds to at least two
years in 10.
 Increase population size and breeding events of wetland fish.
These overarching objectives have been reviewed and refined to develop ecological
objectives and targets as documented in the Hattah Lakes Environmental Water
Management Plan (MDBA 2012c) (Table 5).
Table 5: Ecological objectives and targets for Hattah Lakes
Vision: Preserve and where possible enhance the biodiversity values of Hattah Lakes; and
restore healthy examples of all original wetland and floodplain communities expected under
natural flow conditions.
Icon site ecological

Icon site ecological

Icon site ecological

objectives

objectives

objectives

Overarching objectives

Specific objectives

Targets

VEGETATION

 Restore a mosaic of

Restore a mosaic of healthy

hydrological regimes,

wetland and floodplain

which represent pre-

communities to maintain the

regulation conditions (to

ecological character of the

maximise biodiversity).

Ramsar site.

Under development

 Maintain and, where
practical, restore the
ecological character of the
Ramsar site with respect to
the Strategic Management
Plan (DSE 2003).
 Restore the macrophyte
zone around at least 50%
of the lakes to increase fish
and bird habitat.
 Improve the quality and
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Icon site ecological

Icon site ecological

Icon site ecological

objectives

objectives

objectives

extent of deep freshwater
meadow and permanent
open freshwater wetlands
so that species typical of
these ecosystems are
represented.
FISH

 Increase the distribution,

Maintain high quality habitats

number and recruitment of

for native fish in wetlands

local wetland fish –

and support successful

including Hardyhead,

breeding events.

Australian smelt and

Under development

Gudgeon by providing
appropriately managed
habitat.
 Maximise the use of
floodplain habitat for the
recruitment of all
indigenous freshwater fish.
WATERBIRDS

 Maintain the habitat for the

Provide feeding and

Freckled Duck, Grey

breeding habitat for a range

Falcon and White-bellied

of waterbird species,

Sea-eagle in accordance

including threatened and

with action statements.

migratory species.

Under development

 Increase successful
breeding events for colonial

Provide conditions for

waterbirds to at least two

successful breeding of

years in ten (including

colonial nesters at least twice

Spoonbills, Egrets, Night

every ten years.

Herons and Bitterns).
 Provide suitable habitat for
a range of migratory bird
species (including
Latham’s Snipe, Red-
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Icon site ecological

Icon site ecological

Icon site ecological

objectives

objectives

objectives

necked Stint and Sharptailed Sandpiper).

Summary of integrated findings
Drought
TLM condition monitoring commenced in 2005–06 in the midst of a drought. A
decline in River Red Gum condition was associated with drought conditions with
93% of trees being stressed in 2003 increasing to 97% in 2009 (Cunningham et al.
2011). Also associated with the drought was a decline in the visual condition of
surveyed Lignum plants (Henderson et al. 2012a). During the drought, most wetland
and floodplain plant communities were dominated by terrestrial species (Henderson
et al. 2012a) and had low species diversity due to the dry conditions and
homogenous dry habitat.
Despite the dry conditions, at least four lakes and Chalka Creek received
environmental water in each of 2005–06, 2007–08, 2008–09 and 2009–10 (Mallee
CMA 2013a). Larger watering events in 2006–07 and 2009–10 inundated a total of 9
and 13 lakes (and Chalka Creek) respectively (Mallee CMA 2013a). These watering
events were associated with the re-establishment of vegetation and fish communities
in these lakes (EPA & MDFRC 2008; McCarthy et al. 2009; Walters et al. 2011).
While the lakes had relatively low numbers of fish, the large-bodied fish communities
were numerically dominated by native species, including Golden perch and Bony
herring, in three of the five years of drought sampling (2005–06, 2006–07 and 2009–
10) (Walters et al. 2011; Henderson et al. 2012a). The small-bodied fish community
within the lakes was dominated by Carp gudgeons and Australian smelt. The smallbodied fish-community numerically dominated the overall fish community (Walters et
al. 2011, Henderson et al. 2012a). Vegetation communities at wetlands that
received environmental water differed to those that remained dry and were
characterised by a greater proportion of flow-dependent species (Henderson et al.
2012a).
The abundance and diversity of waterbirds recorded at Hattah Lakes during aerial
surveys was high in 2007 (Kingsford & Porter 2012). This is likely as a result of the
lakes either retaining water or drawing down and exposing damp mud after receiving
environmental water in 2005–06 and/or 2006–07, providing habitat for a range of
waterbirds. Waterbird numbers observed during annual aerial surveys then declined
over the next two years in response to the drier conditions with the minimum
abundance recorded in 2009 (248) and second lowest diversity in 2008 (13.5)
(Kingsford & Porter 2012).
The year 2011–12
In 2010–11, flooding inundated a large portion of the floodplain and inundated the
majority of lakes (C Campbell pers. obs.). The higher river levels also afforded the
opportunity to water Lake Kramen via pumping of environmental water (Henderson
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et al. 2012a). In 2011–12, there was a minor improvement in tree condition with
87.7% of River Red Gum trees being in moderate or better condition compared to
87.1% in 2010–11 (MCMA 2013a). However, there had been a substantial
improvement from drought years, where 75% of River Red Gum trees were in
moderate or better condition in 2008–09 (Henderson et al. 2012a). There had also
been a large River Red Gum regeneration event with over 3500 seedlings recorded
in 2011–12 (Henderson et al. 2012a). The situation was similar with Black Box trees.
Condition marginally improved from 96% to 97% of trees in moderate or better
condition between 2010–11 and 2011–12, which is a substantial improvement on
2008–09 where 70.7% of Black Box trees were in moderate or better condition
(Henderson et al. 2012a, MCMA 2013a).
There was an increase in the number of Black Box seedlings recorded however this
was on a much smaller scale than for River Red Gum (89 Black Box seedlings)
(Henderson et al. 2012a). Higher than average rainfall, resulting in localised flooding,
overbank flooding and pest control measures may have contributed to the increase
in seedlings (Henderson et al. 2012a). The emergence of Black Box seedlings was
observed in areas where floodwaters had receded (C Campbell pers. obs.).
The vegetation community in 2011–12 was the most floristically diverse observed
over the course of the TLM condition monitoring, a total of 102 species were
recorded from wetlands and 140 species from floodplain sites (Henderson et al.
2012a). This is likely due to the sequence of wetter years and the lakes undergoing a
drawdown that created a diverse mosaic of habitats.
Species diversity decreased during flooding when lakes and floodplain sites were
under water, thereby reducing habitat heterogeneity and species diversity. Species
diversity subsequently increased as flood waters receded and habitat heterogeneity
increased. Nine flow-dependent, threatened species were recorded across wetlands
and floodplains in 2011–12 (Henderson et al. 2012a).
Dense macrophyte beds of Water Milfoil (Myriophyllum verrucosum) were recorded
at Lake Kramen after environmental watering in 2010–11. Lake Kramen had been
dry since approximately1993 and while not inundated by overbank flows, the high
river levels associated with the 2010–11 flood enabled Lake Kramen to be filled via
pumping into a flood runner. While most wetlands at Hattah Lakes still retained water
in 2011–12, Lake Kramen was the only wetland to show considerable abundance of
macrophyte growth below the waterline (Henderson et al. 2012a).
Lignum condition improved slightly between 2010–11 and 2011–12 to return to
condition levels similar to those initially recorded in 2006–07. The highest Lignum
condition scores were from a population adjacent to Lake Lockie which received
multiple environmental watering events during the drought years (Henderson et al.
2012a).
An abundant fish community developed in the lakes (17,741 fish sampled) which
was the second highest recorded (Henderson et al. 2012a). The large-bodied fish
community that developed after the 2010–11 flood was dominated by Carp (80% in
2010–11 and 52% in 2011–12) (Henderson et al. 2012a). This is reflected in the
spike in non-native large-bodied fish species recorded in the last two survey years
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(Figure 10) (unpublished data). The non-native large-bodied Oriental weatherloach
was also recorded for the first time post the 2010–11 flood (Henderson et al. 2012a).
The small-bodied fish community recorded in 2011–12 at Hattah Lakes was the
second most abundant since surveys began in 2005–06 and was dominated by
native species (Figure 10), particularly Carp gudgeon, making up 90.7% of the total
small-bodied fish catch in Hattah Lakes (Henderson et al. 2012a). The non-native
Eastern gambusia was recorded in both 2010–11 and 2011–12 following the flooding
in 2010–11 (Henderson et al. 2012a). Though recorded in the River Murray, this
species was not recorded within Hattah Lakes following the pumped delivery of
environmental water during the drought (Henderson et al. 2012a).

Figure 10. Changes in the relative abundance of a) Large-bodied and b) Small-bodied fish
at Hattah Lakes.

Waterbird abundance recorded from aerial surveys in 2011 (1198 individuals) was
higher than 2010 (264 individuals) and diversity increased from 10 to 16 species
(Kingsford & Porter 2012). Waterbird diversity was however lower than it had been in
2007 and 2009. Waterbird diversity records from on-ground surveys show a slightly
different picture, with an increase in the mean species diversity per wetland in 2011–
12 to the highest recorded in the survey period (since 2007–08) (Figure 11)
(unpublished data). In terms of total species diversity, in 2010–11 and 2011–12, 29
and 30 waterbird species were recorded at Hattah Lakes respectively (Cook & Jolly
2010; Cook & Jolly 2011b; Henderson et al. 2012a). It is not clear whether this is a
reflection of the condition of Hattah Lakes or related to the conditions more broadly
in the Murray–Darling Basin including waterbird habitat availability elsewhere
Lake Kramen supported the highest number of individual waterbird sightings (1612)
during the 2011–12 surveys, with a total of 17 species represented (Henderson et al.
2012a). Herbivores, along with ducks and grebes made up the majority of species
observed at Lake Kramen, with almost all herbivores recorded at Hattah Lakes in
2011–12 recorded from Lake Kramen (Henderson et al. 2012a). This is likely due to
the abundant growth of macrophytes providing suitable habitat for waterbirds,
particularly herbivorous waterbirds.
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Figure 11. Mean waterbird species richness, as detected by ground surveys, on Hattah
Lakes from 2007–08 to 2011–12.

Contribution to site TLM objectives
No environmental water was delivered to Hattah Lakes during the 2011–12
monitoring season due to construction works associated with the TLM Environmental
Works and Measures Program (Mallee CMA 2013a). The response of monitoring
components during this last survey season (2011–12) was overwhelmingly
dominated by the strong response to natural flooding in 2010–11. However, during
drought, environmental water contributed to the achievement of TLM objectives as
outlined under the overarching objectives below.
To restore a mosaic of wetland and floodplain communities to maintain the
ecological character of the Ramsar site.
It is not clear from the reporting, the extent to which the TLM program (as distinct
from natural flooding) has maintained a mosaic of wetland and floodplain
communities, although it is clear that the environmental watering has contributed to
the establishment of diverse vegetation communities and abundant fish
communities.
Between 2005 and 2010, environmental water has been delivered to
approximately15 different wetlands at Hattah Lakes, often on multiple occasions
(Mallee CMA 2013a and unpublished data). During the drought this resulted in
wetlands being surveyed in a range of hydrological conditions from inundated,
through stages of drawdown and drying, to wetlands that had been long-dry in the
absence of environmental watering and overbank flooding. This mosaic of
hydrological regimes within wetlands contributed to the variation in vegetation and
fish communities observed between years and wetlands (Henderson et al. 2012a).
Environmental watering helped to sustain diversity during drought years with
different vegetation communities observed at wetlands that received environmental
water compared to wetlands that remained dry (Henderson et al. 2012a). Watered
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sites supported higher proportions of flow-dependent plant species than wetlands
that remained dry (Henderson et al. 2012a).
Maintain high quality habitat for native fish in wetlands and support breeding
events.
The pumping of environmental water into the lakes has been associated with the
development of a fish community primarily dominated by native fish. Small-bodied
natives have a short life cycle and breed each year, hence, their presence in the
lakes indicates successful breeding in the preceding year (McCarthy et al. 2009;
Vilizzi et al. 2013).
Provide feeding and breeding habitat for a range of waterbird species,
including threatened and migratory species.
In 2011–12, three threatened waterbird species were recorded at Hattah Lakes;
Caspian Tern, Glossy Ibis, and Great Egret (Henderson et al. 2012a). Pumping
during the drought also provided habitat for threatened waterbirds including species
such as Australian Painted Snipe, Blue-billed Duck, Freckled Duck, Intermediate
Egret and the White-bellied Sea-eagle, which were all recorded at Hattah Lakes
between 2005 and early 2010 (Cook & Jolly 2010).
Provide conditions for successful breeding of colonial nesters at least twice
every ten years.
In November 2011, aerial bird surveys reported seven Black Swan nests on Hattah
Lakes (Kingsford & Porter 2012). In addition, on-ground bird surveys observed four
Australian Darter chicks at Lake Bulla in January 2012 (Henderson et al. 2012a). In
response to environmental watering, Cook and Jolly (2010) report breeding of
Australasian Grebe, Australian Wood Duck, Black Swan, Black-fronted Dotterel,
Darter, Eurasian Coot, Grey Teal, Hoary-headed Grebe, Pacific Black Duck, Redkneed Dotterel and White-faced Heron between November 2005 and January 2010.
The success of breeding events, in terms of the survival and fledging of the young
birds, has not been reported.
Summary of trajectory
There has been a general improvement in tree condition between 2011–12 and from
when monitoring first began, for both River Red Gum and Black Box (Henderson et
al. 2012a). This period has also seen an increase in the number of seedlings
recorded, particularly of River Red Gum, following the recession of floodwaters
(Henderson et al. 2012a). Wetland and floodplain understorey vegetation
communities have varied over time as the availability of surface and soil moisture
has changed (Henderson et al. 2012a). A cyclic rather than linear trajectory is to be
expected with intermittent wetlands as successional communities change over time
(Henderson et al. 2012a). Flow dependent species have been supported through the
delivery of environmental water and natural flooding through increased rainfall
(Henderson et al. 2012a). With the exception of 2010–11 at the peak of the flood,
there has been a general increase in plant species diversity from 2007–08 to 2011–
12 (Henderson et al. 2012a). Overall, there has been a slight decrease in Lignum
condition from 2006–07 to 2011–12 (Henderson et al. 2012a), which is
predominantly due to declining condition during drought years. There has been a
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slight increase in Lignum condition from 2010–11 to 2011–12 following a return to
wetter conditions (Henderson et al. 2012a).
The fish community at Hattah Lakes has shown considerable variation between
years which is largely attributed to the inundation status of lakes at the time of
sampling (which influences the number of lakes sampled in any given year)
(Henderson et al. 2012a; Vilizzi et al. 2013) and the detectability of fish (e.g. deeply
flooded lakes compared with shallow, remnant pools). Abundances in the two years
post-flooding have been greater than abundances recorded during environmental
watering events and the continued presence of near-annual species is a good
indication of recruitment of small-bodied fish (Henderson et al. 2012a). The
prevalence of Common carp has increased post-flooding, along with the presence of
Spangled perch, Oriental weatherloach and Eastern gambusia (Henderson et al.
2012a). Eastern gambusia appeared to be excluded from the lakes when pumping
was used to supply environmental water (Henderson et al. 2012a; Vilizzi et al. 2013).
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Lindsay–Mulcra–Wallpolla Islands
Originally part of the cross border Chowilla–Lindsay–Wallpolla icon site; Lindsay,
Mulcra and Wallpolla islands in northwest Victoria, collectively cover 26,156 ha
downstream of Mildura (MDBC 2006) (Figure 12). The Lindsay–Wallpolla floodplain
lies within the Murray Scroll Belt bioregion, which is typified by the River Murray
floodplain, oxbow lakes, ephemeral lakes, swamps and active meander belts (MDBA
2012d).
The Lindsay–Wallpolla floodplain is an area of high ecological significance
(Environment Australia 2001; MDBC 2005; MDBC 2006). When inundated, the
waterways and wetlands of the floodplain provide refuges and resources for a range
of flora and fauna, including threatened species; they also provide important
waterbird breeding habitat (MDBA 2012d).

Figure 12. The extent of the three islands making up the Lindsay- Mulcra- Wallpolla Icon site
(purple shading). Locks 7-10 are indicated by the green dots.

Objectives for Lindsay–Mulcra–Wallpolla Islands
The First Step Decision interim ecological objectives (MDBMC 2003) developed for
the Chowilla–Lindsay–Wallpolla icon site were:
 Maintain high value wetlands
 Maintain the current area of river red gums

 Maintain at least 20% of the original area of black box vegetation
These overarching objectives have subsequently been reviewed and refined to
develop ecological objectives and targets specific to the Lindsay–Wallpolla icon site
and are outlined in Table 6 (MDBA, 2012d). Targets to measure progress towards
these objectives are under development.
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Table 6. Revised ecological objectives for Lindsay–Mulcra–Wallpolla Islands (MDBA 2012d).
Component

Overarching objective

Specific objectives

VEGETATION

Increase the diversity, extent

Provide a diversity of structural aquatic

and abundance of wetland

habitats.

vegetation.

Increase diversity and abundance of
wetland aquatic vegetation.
Maintain and improve the populations of
threatened flora and fauna that are flowdependent.
Restore productivity linkages between
the river and floodplain habitats.

FISH

Increase abundance, diversity

Increase abundance, diversity and

and extent of distribution of

extent of distribution of native fish.

native fish.
WATERBIRDS Provide habitat for a range of

Provide occasional breeding and

waterbirds, including migratory

roosting habitat for colonial waterbirds.

species and colonial nesters.

Provide habitat suitable for migratory
birds, especially species listed under the
JAMBA, CAMBA and RoKAMBA1.

Summary of integrated findings
Drought
For the first few years of TLM monitoring (2005–06 to 2009–10), water management
options for Lindsay–Mulcra–Wallpolla were limited to the delivery of water to
selected wetlands with a focus on the maintenance of refuge habitat through the
drought (MDBC 2007). In most cases this involved pumping (e.g. Crankhandle,
Woodcutters, Stockyards, Mulcra Horseshoe, Snake Lagoon, Lilyponds, Finnigan’s
and Sandy Creeks) but in others, a combination of both pumping and operation of
regulators was employed (e.g. Webster’s Lagoon and Wallpolla Horseshoe).

1

JAMBA: Japan-Australia Migratory Bird Agreement, CAMBA: China-Australia
Migratory Bird Agreement and RoKAMBA: Republic of Korea-Australia Migratory Bird
Agreement.
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Environmental watering in 2006–07 delivered 4.6 GL to anabranches throughout
Lindsay–Mulcra–Wallpolla to relieve drought stressed River Red Gums (MDBC
2007). Some of these sites had not received water since 1993 (MDBC 2007). Water
was supplied to approximately 5% of the floodplain, including 24 floodplain
depressions and flood runners (MDBC 2007). Significant responses included
increased vigour of River Red Gums and growth and flowering in Black Box (MDBC
2007), maintenance of ephemeral wetland communities and Lignum condition
(Henderson et al. 2008), habitat provision for over 30 species of waterbird (MDBC
2007) and breeding of the vulnerable green and gold bell frog (MDBC 2007). Five
bird species recorded at Lindsay–Mulcra–Wallpolla in 2006–07 are listed as
threatened; Baillon’s Crake, Caspian Tern, Blue-billed Duck (FFG Act 1998), Pied
Cormorant and Hardhead (DSE 2003; MDBC 2007).
However, for the 95% of the floodplain that didn’t receive environmental water in
2006–07, its condition continued to decline. The condition of River Red Gum and
Black Box was poor with only 21% in good condition and demonstrating
characteristics of a declining trajectory (MDBC 2007). Size-class distributions for
River Red Gum were spatially variable, with most recruitment occurring at lower
elevations. Black Box recruitment was considered insufficient to maintain the
population (Henderson et al. 2008). Lignum showed similar signs of stress with two
thirds of sites recording less than 50% of above ground biomass as being viable
(Henderson et al. 2008; MDBC 2007). The distribution of Cumbungi, a native species
that spreads into areas atypical of its natural distribution under stable water levels,
continued to spread particularly in the shallow backwaters of Potterwalkagee Creek
and Upper Lindsay River (Henderson et al. 2008; MDBC 2007).
Vegetation condition continued to decline at Lindsay–Mulcra–Wallpolla throughout
2007–08 and 2008–09 as drought conditions prevailed. The number of River Red
Gum, Black Box and Lignum plants in poor condition increased, accompanied with
high mortality rates (Henderson et al. 2009; MDBC 2008a). When sampled in 2007–
08, 20% of River Red Gum and 26% of Black Box on Lindsay Island had recently
died or were near dead and this was coupled with a lack of recent recruitment
(Henderson et al. 2009). Stable water levels associated with low flow during this
period provided ideal conditions for the increased spread of Cumbungi (Henderson
et al. 2009).
Drought refuge continued to be provided with the delivery of environmental water to
ephemeral wetlands and anabranch systems (MDBA 2009). Ephemeral and aquatic
plant refuge was maintained (Henderson et al. 2009; MDBC 2008a) and habitat
provided for waterbirds including Black Swan, Ducks, Teal and Grebes (Cook & Jolly
2010) and frogs (MDBA 2009). Maintenance of River Red Gum was achieved for
stands in close proximity (10–20 m) to environmental watering sites (Henderson et
al. 2009; MDBA 2009) such as those that fringe Mulcra Horseshoe Lagoon (MDBC
2008a).
During 2009–10, a total of 10.7 GL of environmental water (including TLM and nonTLM allocations) was delivered to Wallpolla and Lindsay Islands (MDBA 2010)
including Lake Wallawalla which had not held any significant water since 1996 (DEPI
2011). Recipient wetlands continued to improve in condition indicated by an increase
in plant functional groups, species diversity and structural habit (MDBA 2010).
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Pumped environmental water also helped to reinstate communities typical of
ephemeral wetlands and maintain flow-dependent threatened flora (Henderson et al.
2010). In 2009–10, of the 125 native species recorded in wetlands, 12 are listed as
rare or threatened (DSE 2005) and the majority of these were recorded at wetlands
that had received environmental water (Henderson et al. 2010).
Environmental water provided waterbird habitat at Webster’s Lagoon, Stockyards
Wetland, Mulcra Horseshoe Lagoon, Mulcra floodplain, Snake Lagoon extension,
Lilyponds and Wallpolla Horseshoe. The number of waterbirds recorded was greater
than in previous years (MDBA 2010) and eight species were recorded as breeding
(Cook & Jolly 2010). Refuge habitat was provided for the near threatened Glossy Ibis
and Pied Cormorant, the vulnerable Royal Spoonbill, Australasian Shoveler, Musk
Duck and Hardhead; and the endangered Freckled Duck, Blue-billed Duck and Little
Egret (Cook & Jolly 2010; DSE 2007). Four frog species bred successfully including
the threatened southern bell frog (MDBA 2010). There was continued improvement
in the condition of River Red Gum and Black Box particularly at previously watered
sites (MDBA 2010) and at non-watered sites in association with increased rainfall
during spring 2009 (Henderson et al. 2010). Overall condition of River Red Gum and
Black Box remained poor particularly compared to other icon sites (Cunningham et
al. 2009). Lignum condition also continued to decline whilst Cumbungi distribution
and abundance increased in 2009–10.
The year 2011–12
In 2010–11, flooding in spring and summer inundated and filled major wetlands,
(except the most elevated parts of the floodplain) including Lake Wallawalla (MDBA
2011b). Upon the recession of floodwaters, there was a significant improvement in
the condition of River Red Gum and Black Box (Figure 13) and widespread
establishment of River Red Gum seedlings (Henderson et al. 2012b; Cunningham et
al. 2011). There was an increase in the abundance and diversity of understorey
plants due to the emergence of species from the ‘amphibious’ and ‘terrestrial damp’
functional groups (Henderson et al. 2012b ; Mallee CMA 2013) (Figure 14).
Environmental water delivery to selected refuge wetlands during drought years
created an inundation history mosaic which coincided with high species diversity
recorded in 2011–12. This included species which were uncommon or previously
undetected such as Dwarf Bitter-cress (Rorippa eustylis), Small Water-fire (Bergia
trimera), two species of Native couch (Cynodon dactylon var. pulchellus) and
Glistening Dock (Rumex crystallinus). Fourteen threatened species were also
recorded, including Lagoon Spurge (Phyllanthus lacunarius) and Mallee Cucumber
(Mukia micrantha) (Henderson et al. 2012b).
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2009–10
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Figure 13. Vegetation at two photo points located at Lake Wallawalla 2009–10 and 2012–
13.
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Figure 14. Changes in the average number of plant species in a) individual wetlands and b)
floodplain sites at Lindsay–Mulcra–Wallpolla from 2007–08 to 2011–12.
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There was a significant change in the composition of the fish community associated
with the 2010–11 flood and anoxic blackwater event (Henderson et al. 2012b). This
involved a significant reduction in the abundance of all small-bodied fish species and
a reduction in the abundance of Murray cod (Figure 15). Anoxic blackwater was
responsible for fish kills throughout regions of the River Murray and its tributaries
(Beesley et al. 2013). Two of the most affected species were Murray cod and
Australian smelt which both suffered reductions in distribution and abundance
(Beesley et al. 2013). It is likely that other native fish species were also negatively
impacted by hypoxia and by the loss of emergent and aquatic vegetation habitat
(Henderson et al. 2011). However, despite negative impacts on the abundance of
some native fish species, there was an overall increase in the diversity of native fish
due to the detection of Freshwater catfish and Spangled perch post-flooding
(Henderson et al. 2011; Mallee CMA 2013). Although the Spangled perch is unlikely
to persist in the area (northern basin fish not suited to cold water habitats), the
presence of Freshwater catfish provides hope for the maintenance of this threatened
species at Lindsay–Mulcra–Wallpolla (Henderson et al. 2011).
Lindsay–Mulcra–Wallpolla wetlands provided habitat for 29 waterbird species in
2011–12 (Figure 16) including the near threatened Nankeen Night Heron and
Caspian Tern, the vulnerable Great Egret and Royal Spoonbill and the critically
endangered Intermediate Egret (DSE,2007; Henderson et al. 2012b). Five species
not recorded between 2005 and 2010 were recorded in 2011–12: the Chestnut Teal,
Intermediate Egret, Nankeen Night Heron, Silver Gull and Straw-necked Ibis.
Prolonged flooding of Cumbungi stands resulted in the widespread reduction of
emergent biomass and the recession of the drought-induced spread of this invasive
species (Henderson et al. 2012b). However, the break in drought conditions
produced only a limited improvement in the condition of Lignum due to its very poor
condition as a result of prolonged drought conditions (Henderson et al. 2012b).

Figure 15. Changes in the relative abundance of a) four large-bodied native and b) four
small-bodied native fish at Lindsay–Mulcra–Wallpolla.

44

Figure 16. Mean waterbird species richness at Lindsay–Mulcra–Wallpolla from 2007–08 to
2011–12.

Contribution to site TLM objectives
A strong response to natural flows in 2011–12 overarched the effects of
environmental flows, particularly in reducing the spread of Cumbungi and the
distribution and abundance of native fish (Henderson et al. 2012b). However, during
drought, environmental water contributed to:
Increase the diversity, extent and abundance of wetland vegetation.
It appears that environmental flows have increased the diversity of wetland and
floodplain understorey vegetation (Figure 16) including maintenance of flowdependent threatened flora such as Jerry Jerry (Ammannia multiflora), Mallee
Cucumber (Mukia micrantha) and Lagoon Spurge (Phyllanthus lacunarius)
(Henderson et al. 2012b).
Increase abundance, diversity and extent of distribution of native fish.
The natural flooding was associated with negative impacts for some native fish
however at Lindsay–Mulcra–Wallpolla there was an overall increase in the diversity
of native fish due to the detection of Freshwater catfish and Spangled perch postflooding (Henderson et al. 2011; Mallee CMA 2013). The presence of Freshwater
catfish provides hope for the maintenance of this threatened species at Lindsay–
Mulcra–Wallpolla (Henderson et al. 2011). The provision of environmental flows is
likely to have increased the distribution of native fish within the Lindsay–Mulcra–
Wallpolla system (Henderson et al. 2011)
Provide habitat for a range of waterbirds, including migratory species and
colonial nesters.
The provision of environmental flows has provided refuge habitat for colonial
waterbirds (e.g. Little Egret, Great Egret, Pied Cormorant and Royal Spoonbill) and
foraging habitat for migratory birds such as the Caspian Tern (Cook and Jolly 2010).
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Summary of trajectory
A mosaic of floodplain communities, including indigenous plant and animal species,
was maintained and improved through the delivery of environmental water during the
drought. Drought relief in the form of environmental water provided refuge
communities with the capacity to respond to natural flooding in 2010–11, thereby
maintaining positive trajectories for key biota. Between 2006–07 and 2011–12, there
has been a steady increase in wetland and floodplain understorey species richness
(Figure 14), waterbird species richness (Figure 16) and the condition of River Red
Gum and Black Box.
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Chowilla Floodplain
The Chowilla Floodplain (Figure 17) straddles the South Australia – New South
Wales border; it covers a total area of 17,781ha, 74% of which lies in South
Australia, with the remaining 26% in New South Wales; known as Kulcurna (MDBA
2012e).

Figure 17. Map of the Chowilla Floodplain (DEWNR 2013)

The Chowilla Floodplain is one of the last remaining parts of the lower Murray
floodplain that retains much of the area’s natural character and attributes.
Significantly, it contains the largest remaining area of natural river red gum forest in
the lower River Murray and has highly diverse floodplain vegetation. The region’s
aquatic habitats include permanent and temporary waterbodies, including over 100
km of anabranch creeks (MDBA 2012e).
Owing to the head differential created by Lock 6, between 20 to 90% of River Murray
flows are now diverted through the Chowilla anabranch system under low‑flow
conditions, resulting in a mosaic of lotic habitats that are now rare in the lower
Murray system. These areas have been identified as a spawning area for
large‑bodied native fish. In high‑river flows, the anabranch creeks spread into a
series of temporary wetlands, lakes and billabongs that create an area of
outstanding environmental significance (MDBA 2012e).
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Objectives for Chowilla Floodplain
The First Step Decision interim ecological objectives developed for the Chowilla
Floodplain icon site were (MDBA 2012e):
 Maintain high value wetlands
 Maintain the current area of river red gums

 Maintain at least 20% of the original area of black box vegetation
The Chowilla environmental water management plan (MDBA 2012e) includes both
the First Step Decision and refined ecological objectives for Chowilla icon site. The
Living Murray condition monitoring program designed for the Chowilla Floodplain and
the Lindsay, Mulcra and Wallpolla islands (Scholz 2007) refined these broad
objectives into 17 site‑specific objectives for the Chowilla Floodplain (Table 7).
Table 7. Chowilla Floodplain refined ecological objectives.
Specific objectives
VEGETATION


Maintain viable River Red Gum populations within 70% (2414 ha) of River
Red Gum woodland.



Maintain viable Black Box populations within 45% (2075 ha) of Black Box
woodland.



Maintain viable River Cooba (Acacia stenophylla) populations within 50% of
River Cooba and mixed Red Gum and River Cooba woodland areas.



Maintain viable Lignum (Muehlenbeckia florulenta) populations in 40% of
areas.



Improve the abundance and diversity of grass and herblands.



Improve the abundance and diversity of flood-dependent understorey
vegetation.



Maintain or improve the area and diversity of grazing sensitive plant
species.



Limit the extent of invasive (increaser) species, including weeds.



Improve the abundance and diversity of submerged and emergent aquatic
vegetation.

FISH


Maintain or increase the diversity, extent and distribution of native fish
species.



Maintain successful recruitment of small- and large-bodied native fish.
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Specific objectives
FROGS


Maintain sustainable communities of the eight riparian frog species
recorded at Chowilla.



Improve the distribution and abundance of the nationally-listed Southern
Bell Frog at Chowilla.

BIRDS


Create conditions conducive to successful breeding of colonial waterbirds
in a minimum of three temporary wetland sites at a frequency of not less
than one in three years.



Maintain or improve the diversity and abundance of key bird species.



Maintain the current abundance and distribution of Regent Parrots
(Polytelis anthopeplus).



Maintain the current abundance and distribution of the Bush Stone-curlew
(Burhinus grallarius).

Summary of integrated findings
Drought
Condition monitoring at Chowilla commenced in 2005 during the millennium drought.
The effects of the drought on the vegetation community was similar to that
experienced at the upstream icon sites, except that in the case of Chowilla, the
condition of long-lived trees were already in poor condition when sampling
commenced (DEWNR 2013). In 2003, 85% of River Red Gums were stressed and
this only increased slightly to 86% in 2009 (DEWNR 2013). For other species, such
as Black Box and River Cooba, in the period 2008-2012, over 80% of the trees were
in very poor condition (DEWNR 2013). For understorey species, diversity was
generally low, with fluctuations in some years due to rainfall events. The proportion
of weeds in the community appeared to trend downward through the course of the
drought (DEWNR 2013).
Fish community composition appeared to remain relatively stable through the
drought with the number of native species fluctuating between 9 and 11 and the ratio
of native to introduced species increasing slightly up until 2008 (DEWNR 2013).
The relative abundance of large native fish (Murray cod, Golden perch, Silver perch
and Freshwater catfish) was low and remained low for the duration of the drought
(DEWNR 2013). Recruitment of these species was also low or ceased during the
peak of the drought (DEWNR 2013).
Waterbird abundance fluctuated, but over 3500 waterbirds were recorded from 2007
to 2009 (DEWNR 2013). The number of species observed increased slightly over
the last years of the drought (2008–09 to 2009–10) based on the findings of both the
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annual aerial surveys (20 to 27; Kingsford & Porter 2012) and ground–based surveys
(27 to 40; DEWNR 2013), likely due to increased wetland habitat provided by
pumped environmental water.
The year 2011–12
The onset of wetter conditions (Figure 18) led to a significant increase in the number
of trees in good condition (for e.g. see Figure 19) with an associated decrease in the
proportion in poor condition (DEWNR 2013). There were only a few sites where the
trend of improving tree condition either plateaued or declined slightly (DEWNR
2013). Vegetation diversity also increased significantly after the drought, but the
number of species (Figure 20) was lower in 2011–12 (approximately50 species) than
it had been in 2010–11 (67 species) (DEWNR 2013).

Figure 18. High flows in early February 2011 peaked at 93,800 ML/day generating broad
scale floodplain inundation across approximately 65 % of the Chowilla floodplain.
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Figure 19. Percentage of River Red Gum (E. camaldulensis) trees in good (TCI = 10-14),
poor-moderate (TCI = 5-9) and very poor (TCI = 0-4) condition at Twin Creeks at the
Chowilla Floodplain icon site. Condition is determined by Tree Condition Index (TCI) scores
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Figure 20. Overall diversity of the floodplain understorey vegetation community at the
Chowilla Floodplain.

The breaking of the drought led to dramatic increases in fish abundance, but in most
instances, abundances declined from a peak in 2010–11 to 2011–12 (DEWNR 2013;
Figure 21). For example, numbers of Golden perch sampled increased up to 800 in
2010–11 before declining to 300 in 2011–12 (DEWNR 2013). Similar fluctuations
were experienced by Gold fish and Silver perch while Carp underwent the greatest
fluctuation peaking at 12 000 individuals in 2010–11 before declining to 2000
individuals in 2011–12 (DEWNR 2013). The one exception appears to be Freshwater
catfish whose numbers increased from 10 to 20 (DEWNR 2013). Work at Washpen
Creek in NSW suggests that this increase may be due to fish that have been isolated
in wetlands dispersing through the system, but that their future viability may rely on
patterns of connection (DEWNR 2013). Despite the large fluctuations in
abundances, the ratio of natives to invasive species has remained relatively constant
(Figure 22) but species richness has increased from 8 to 12 (DEWNR 2013).
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Figure 21. Relative abundance of Golden perch, Gold fish, Silver perch, Common carp and
Freshwater catfish recorded in surveys undertaken during the period 2005–12. Note changes in scale
on Y axis. Lines between data points are presented for visual clarity only.
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Figure 22. Ratio of native: introduced species recorded in surveys undertaken during the period
2005–12. Lines between data points are presented for visual clarity only and do not imply values
between sampling times.
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Both waterbird species richness (44) and abundance (9856) were greater in 2011–
12 than they were in 2010–11 (Kingsford & Porter 2012). In addition, around 95
Australian White and Straw-necked Ibis nests were observed in the broader
Lindsay–Mulcra–Wallpolla and Chowilla complex (Kingsford & Porter 2012).

Contribution to site TLM objectives
The icon site managers have used the 17 specific objectives to generate 26
preliminary ecological targets. Of these 26 targets, the condition monitoring currently
enables the evaluation of 13, of which four have been achieved and a further five
have been achieved at some locations (Table 8). The condition of seven target
indicators are also assessed to be on an improving trajectory while one (weed
abundance) is declining (i.e. weeds are becoming more abundant). It is not possible
to identify the extent to which TLM activities have contributed to these outcomes,
particularly as the most dramatic changes in condition have occurred in response to
the transition from drought to flood conditions. The most recent environmental water
allocations sought to improve vegetation condition which did improve at some sites,
but a strong link to environmental water is not possible based on the available data.
Table 8. Assessment of the condition of Chowilla icon site against ecological objectives and
targets (DEWNR 2013).
Icon site ecological

Preliminary ecological target

objective

Trajecto

Achieve

Met at

ry

d at icon

some

site

locations

scale
Maintain viable

>70% of trees will have a crown

River Red Gum

cover and density score greater

populations within

than 60% by 2020.









70% of River Red
Gum woodland.
Maintain viable

>70% of trees will have a

Black Box

canopy cover and density score

populations within

greater than 60% by 2020.

45% of Black Box
woodland.
Maintain viable

>70% of trees will have a

River Cooba

canopy cover and density score

populations within

greater than 60% by 2020.



50% of existing
River Cooba and
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Icon site ecological

Preliminary ecological target

objective

Trajecto

Achieve

Met at

ry

d at icon

some

site

locations

scale
mixed River Red
Gum and River
Cooba woodland
areas.
Maintain viable

≥70% of Lignum plants will

Lignum

have a Lignum Condition Score

populations in 40%

(LCI) ≥ 4 (e.g. ≥2 for viability

of existing areas.

and colour) by 2020.

Improve the

Flood responsive plant

abundance and

functional groups are

diversity of grass

represented with a high relative

and herblands.

abundance in ≥50% of the







floodplain at least once every
four years by 2020.
Improve the

Aquatic macrophytes and/or

abundance and

flood dependent plant functional

diversity of flood

groups are represented with a

dependant

high relative abundance within

understorey

each of the recognised

vegetation.

permanent and ephemeral



wetlands at least once every
three years by 2020.
No target set.



Limit the extent of

The relative abundance of



invasive (increaser)

weed species does not

species including

increase compared to mean

weeds.

levels recorded during the

Maintain or
improve the area
and diversity of
grazing sensitive
plant species.
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Icon site ecological

Preliminary ecological target

objective

Trajecto

Achieve

Met at

ry

d at icon

some

site

locations

scale
period 2004-10.
Maintain or

A population demographic

increase the

comprised of young-of-year and

diversity and

adults of the six short-lived (e.g.

extent of

<3 years) small-bodied native

distribution of

fish species recorded in the

native fish species.

Chowilla Anabranch system



during the period 2004-10 is
maintained.
Maintain the

A population demographic

successful

comprised of young-of-year,

recruitment of

juveniles and adults for each of

small- and large-

the medium- and large-bodied

bodied native fish.

native fish (i.e. Murray cod,



Golden perch, Silver perch,
Freshwater catfish) recorded in
the Chowilla Anabranch system
during the period 2004-10 is
established and maintained by
2020.
Maintain

Each of eight riparian frog

sustainable

species known to occur at

communities of the

Chowilla will be recorded at ≥

eight riparian frog

three sites in any three year

species recorded

period by 2020.



at Chowilla.
Create conditions

A habitat mosaic comprising

conducive to the

shallow water, open water, mud

successful

flat and littoral zones is

breeding of

provided simultaneously at a

colonial waterbirds

minimum of three large
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Icon site ecological

Preliminary ecological target

objective

Trajecto

Achieve

Met at

ry

d at icon

some

site

locations

scale
in a minimum of

wetlands at least once every

three temporary

three years by 2020.

wetland sites at a
frequency of not
less than one in
three years.
Create conditions

Minimum inundation periods

conducive to the

required for successful

successful

breeding by a range of

breeding of

waterbird species are provided

colonial waterbirds

during 80% of flood events by

in a minimum of

2020.



three temporary
wetland sites at a
frequency of not
less than one in
three years.

Summary of trajectory
Vegetation condition has been on an improving trajectory since the breaking of the
drought. It is not clear whether this trend will continue or whether it has plateaued, as
suggested by the trend in River Red Gum at Coppermine Waterhole and Lake Littra.
For the fish community, targets associated with maintaining condition have been
assessed as being achieved, although the variable response to the recent floods
would suggest some caution is required in this assessment. The waterbird
community targets have not been assessed due to insufficient data however the
aerial surveys suggest that Chowilla remains an important waterbird habitat, but
interpreting variations in the bird community in terms of the condition of the site
remains problematic.
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Lower Lakes, Coorong and Murray Mouth
Lakes Alexandrina and Albert (‘Lower Lakes’), the Coorong and Murray Mouth
(LLCMM) have been identified as an ecologically and culturally important icon site.
The LLCMM region covers an area of approximately 140,000 hectares; it is a
Ramsar-listed wetland of international importance and is also one of eighteen key
indicator sites of the Murray–Darling Basin (MDB) (Wedge & Frears 2013) (Figure
23).
The site has a unique mosaic of twenty three individual wetlands and provides
habitat for nationally and internationally significant species. The icon site, which
contains the Meeting of the Waters registered Ngarrindjeri heritage site, is central to
the life and culture of the Ngarrindjeri people, who continue to live on their traditional
country (Wedge & Frears 2013).
The ecological health of the icon site has been severely degraded by river regulation,
over-extraction, and to a lesser extent a reduction in the diversion of drainage water
from the South East of South Australia into the Coorong South Lagoon. These
impacts have been exacerbated in recent times by a prolonged period of drought
spanning nearly a decade (Wedge & Frears 2013).

Figure 23. Map of the Lower Lakes, Coorong and Murray Mouth icon site (MDBA 2012e)
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Objectives for Lower Lakes, Coorong and Murray Mouth
The first step decision established three broad ecological objectives based on an
understanding of the LLCMM icon site’s characteristics and ecological requirements
(MDBA 2012e). These FSD ecological objectives include:
 an open Murray Mouth
 more frequent estuarine fish spawning and recruitment
 enhanced migratory waterbird habitat in the Lower Lakes and Coorong.
In 2011–12, specific icon site objectives were developed in relation to delivery of
environmental water to the LLCMM region (Wedge and Frears 2013). These
objectives include:
 providing barrage releases during late spring and summer to enhance Ruppia
tuberosa recruitment in the Coorong South Lagoon (by providing appropriate
water level and salinity regimes) (Figure 24)
 enhancing barrage releases to provide connectivity between Lake Alexandrina
and the Coorong estuary to enhance spawning and recruitment success in
diadromous fish (e.g. congolli, common galaxias and lamprey)
 providing ‘flushing’ flows through the barrages to maintain average salinity in
Lake Alexandrina of <1000 EC
 providing flows to allow for lake level ‘cycles’, to flush salt out of Lake Albert.

Figure 24. Optimal monthly barrage releases in GL according to a total annual release
scenario of 1,000 GL for the 2011–12 water year.
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In order to achieve the FSD objectives, sixteen ecological and physical targets were
developed to specifically quantify changes in the condition of the LLCMM icon site
and are presented inTable 9.
Table 9. Summary of ecological targets and their connection to LLCMM icon site objectives
(Wedge & Frears 2013).
Ecological Target

Ecological Target

Maintain or improve bird populations in the Lower

Icon Site

Icon Site

Icon Site

Objective

Objective

Objective

Open

Fish

Bird Habitat

Mouth

Recruitment





Lakes, Coorong and Murray Mouth
Maintain or improve recruitment success of





diadromous fish in the Lower Lakes and Coorong


Maintain or improve recruitment success of
endangered fish species in the Lower Lakes



Provide optimum conditions to improve recruitment
success of small-mouthed hardyhead in the South
Lagoon
Maintain or improve populations of black bream,









greenback flounder and mulloway in the Coorong
Maintain or improve invertebrate populations in



mudflats (both exposed and submerged)
Provide freshwater flows that provide food sources



for Goolwa cockles
Facilitate frequent changes in exposure and





submergence of mudflats


Maintain habitable sediment conditions in mudflats
Maintain or improve Ruppia megacarpa colonisation













and reproduction
Maintain or improve Ruppia tuberosa colonisation
and reproduction
Maintain or improve aquatic and littoral vegetation in
the Lower Lakes
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Establish and maintain variable salinity regime with









>30% of area below sea water salinity concentrations
in estuary and North Lagoon
Maintain a permanent Murray Mouth opening through



freshwater outflows with adequate tidal variations to
improve water quality and maximise connectivity


Maximise fish passage connectivity between the
Lower Lakes and Coorong
Maximise fish passage connectivity between the





Coorong and the sea

Summary of integrated findings
Drought
The period from 2008 to 2010 occurred during the end of the millennium drought, a
period of extreme stress for the site associated with increasing salinity and loss of
connection between the lakes and the estuary.
During this time there were significant declines in waterbird abundance with half of
all species undergoing declines in abundance (Paton & Bailey 2012). The worst
affected groups were the herbivores and piscivores whose numbers declined by 75%
and 60% respectively. Interestingly, not all species experienced declines. A quarter
of species increased in abundance suggesting that the Coorong may have provided
an important refuge for these species during the drought (Paton & Bailey 2012).
The declines in waterbird numbers were associated with changes in food and habitat
availability (Paton & Bailey 2012; Rogers 2012). In the Lower Lakes, vegetation
species richness declined by 46 species with an associated transition to terrestrial
species as water levels fell and exposed the lake beds. Within the Coorong,
increasing salinity was associated with a decline in abundance and contraction in the
distribution of key species of aquatic plants such as Ruppia species. These species
are an important food source for herbivorous birds and provide habitat for
invertebrates and fish, including Small-mouthed hardyhead (Paton & Bailey 2012).
In the Lower Lakes, fish species declined in abundance and Yarra pygmy perch
were not recorded (Wedderburn & Barnes 2012; Ye et al. 2012). In the Coorong,
important species including Small-mouthed hardyhead and Greenback flounder
(Rhombosolea tapirina) experienced dramatic contractions in their distributions and
abundance. Lampreys were not observed during the drought while the distribution of
Black bream contracted to the estuary. The higher salinities in the Coorong were
also associated with low macroinvertebrate abundance (Ye et al. 2012).
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The year 2011–12
Increased flows from 2010 to 2012 (Figure 25) saw an increase in water levels in the
Lower Lakes and widespread decreases in salinity in the Coorong (Wedges & Frears
2013). The increased flows led to widespread but not complete recovery. Waterbird
numbers increased to 100 000 in 2012 with two-thirds of the species increasing in
abundance (Paton & Bailey 2012). For the waders, the increase was associated with
improved summer habitat, while for the piscivores the increase was due to increases
in fish abundance, particularly Small-mouthed hardyhead (Wedge & Frears 2013).
For the vegetation community, the freshwater inflows have seen the return of 43
species to the Lower Lakes and a shift from terrestrial to aquatic species. The
recovery is not however complete, as three species have yet to re-establish in the
Lower Lakes (Myriophyllum caput-medusae, Batrachium trichophyllum and
Lepilaena cylindrocarpa) (Gehrig et al. 2012). Within the Coorong, the key
macrophyte Ruppia tuberosa, has not recovered and, in fact, plants that had
established in the Northern Lagoon disappeared in July 2011. Interference from
filamentous algae and a drop in water levels in spring and summer have both been
identified as potential causes (Gehrig et al. 2012).
The freshwater inflows have seen fish species including Greenback flounder and
Small-mouthed hardyhead recruit (Figure 26) and expand their range. In contrast,
Black bream appear to recruit in response to relatively small freshwater inflows but
not in response to the larger flood flows (Figure 27). As a consequence, their
population recovery appears to be slower (Ye et al. 2012). In the Lower Lakes, the
abundance of Flathead gudgeon, Carp gudgeon and Un-specked hardyhead have all
increased. There was also a stocking program for Murray hardyhead, Southern
pygmy perch and Yarra pygmy perch however no Southern pygmy perch have been
captured while the other two species seem to be recovering (Ye et al. 2012).
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Figure 25. River Murray system inflow comparisons: 2006–07 to 2011–12

Figure 26. Mean numbers of hardyhead fish caught per 50 m trawl with a 7 m long seine net
in the South Lagoon of the Coorong in January from 2001–2012. The data are means + s.e.
for three replicate trawls at each of eight sites (n= 24) spread along the South Lagoon

Figure 27. Annual catches of Black bream taken by gear type in the Coorong
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Contribution to site TLM objectives
TLM environmental water, in conjunction with other environmental water allocations,
contributed to the filling of the Lower Lakes and flushing salt out of the system in line
with the salinity objectives for the Lower Lakes. The environmental flows also
contributed to increased connectivity between the Lower Lakes and the Coorong and
this was associated with achievement of the second objective, more frequent
estuarine fish spawning and recruitment, as evidenced by an increased abundance
of Congolli, Common galaxias and Lamprey. Habitat conditions in the Lower Lakes
and Coorong also appear to have improved with increases in waterbird numbers,
particularly waders that responded to improved summer habitat and piscivores that
responded to increased fish abundance. Habitat for herbivorous waterbirds has not
improved in the Coorong due to the lack of recovery of the key macrophyte Ruppia
tuberosa.

Summary of trajectory
The Coorong and Lower Lakes experienced severe stress during the drought. The
transition to wetter conditions has seen significant improvements for at least some
components of the system. Some of the improvements continued into 2011–12, such
as the condition of the waterbird community and vegetation within the Lower Lakes.
There appears to be scope for further improvement as the abundance of herbivorous
waterbirds would be expected to increase with the recovery of Ruppia species in the
Coorong. There would also appear to be scope for further improvement in the
vegetation community in the Lower Lakes as three species have yet to recover.
For other components of the system, recovery has not been as rapid, particularly
Ruppia tuberosa in the Coorong and small native fish in the Lower Lakes. In the
case of Ruppia tuberosa, it is possible that further improvements in the flow regime
or seed dispersal may be required for re-establishment.
Overall, the trajectory for the Coorong and Lower Lakes is positive however it is
possible that some species may not recover in the short-term or without further
management intervention. In the latter case, it may be expected that the rate of
improvement may slow over coming years.
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Synthesis of integrated findings
This section provides a synthesis of all TLM Monitoring projects including the
findings from the Icon Site Annual Synthesis Reports. Any assessment of the
condition of the River Murray system needs to be undertaken within the context of
the historical climate and flow conditions. The system has been subjected to a
prolonged drought ending in 2010, that saw a 13% decrease in long-term rainfall
resulting in a 44% decline in stream flow (based on the long-term average). While
many of the channels had been insulated from the worst effects of the drought
through river regulation, the floodplain and wetland systems experienced additional
flow reductions on top of those imposed by river regulation.
Drought
The effects of the drought included system wide declines in tree condition with the
number of stressed trees increasing from 66% in 2003 to 79% in 2009 (Cunningham
et al. 2011). There was also a progressive decline in understorey species richness
as wetlands dried, diversity among wetlands decreased and they became dominated
by species typical of dry conditions (e.g. Henderson et al. 2011; 2012b).
For native fish, the drought was associated with widespread loss of wetland habitat,
whilst the main channel was protected through flow regulation. Wetland habitats
generally experienced declines in the abundance and diversity of native fish. The
LLCMM experienced reductions in the distribution of several species and the loss of
three small species from the Lower Lakes. Despite the maintenance of flows in the
main channel, the drought still appears to have been associated with declines in the
abundance of native fish.
Waterbirds also underwent significant declines in abundance and diversity from 2007
to 2010. For example, waterbird abundances declined by 48% from 2007 to 2008
(Kingsford & Porter 2012). The patterns did however vary among the sites in
response to environmental watering events. For example, the number of waterbird
species observed at Hattah Lakes increased in 2009 in response to an
environmental allocation to 13 lakes. Despite the drought and the resulting very low
water levels, the Coorong, Lower Lakes and the Chowilla Floodplain and Lindsay–
Wallpolla Islands complex remained important habitats for waterbirds.
The year 2011–12
The return of wet conditions and two significant floods have been associated with
significant improvements in the condition of the River Murray system. In 2011–12,
this trend continued for at least some components of the system. Tree condition
continued to improve, although the improvements were patchy (Gunbower–
Koondrook–Perricoota) or relatively minor (Hattah Lakes). In general, understorey
diversity also improved significantly since the floods, but 2011–12 saw a more
variable response with Hattah Lakes recording the highest number of species but
three sites recording minor declines when compared to 2010–11. Most of these
declines were explained in terms of site specific habitat outcomes. For example, at
Lindsay–Mulcra–Wallpolla, flows reduced habitat diversity and this resulted in a
decrease from 153 to 138 wetland species. This is related to the amount of habitat
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diversity; very dry and very wet conditions are associated with fewer habitat types,
while the drying after a flood creates a mosaic of habitat types that promotes species
diversity.
For the fish community there have been increases in the abundance of fish since the
breaking of the drought, particularly in the Coorong where the abundance and
distribution of Greenback Flounder and Small-mouthed hardyhead have improved at
the floodplain sites, however, overall fish numbers declined in 2011–12 compared to
2010–11. The increased abundance has been associated with increases in the
numbers of pest species such as Carp and Gambusia. The increase was greatest in
2010–11, but at Gunbower–Koondrook–Perricoota and Chowilla Carp numbers
declined in 2011–12. In terms of native fish diversity, there was a variable response
among sites, with two sites (Lindsay–Mulcra–Wallpolla and Chowilla) increasing and
three sites (Barmah, Gunbower–Koondrook–Perricoota and Hattah Lakes) with
decreases ranging from eight to four species compared to 2010–11. It is not clear to
what extent these observations are due to changes in the efficiency of electrofishing, the influence of invasive species or the blackwater event. In the Lower
Lakes some small native fish species have not recovered from the drought (Southern
pygmy perch, Yarra pygmy perch).
Waterbird abundance, as determined by annual aerial surveys, increased in 2009,
fell in 2010 and then rose again in 2011 to 197 792 individuals. This was the third
highest recorded in the five years of TLM aerial surveys and was mainly driven by
lower numbers at the LLCMM than recorded in 2007 and 2009. In terms of diversity,
51 species were recorded which equalled those in 2009 and is the highest recorded
over the five years of the survey. Among individual sites in 2011, four recorded the
second highest or highest waterbird abundance since TLM monitoring commenced
in 2007. The exceptions were the LLCMM and Hattah Lakes. In the case of Hattah
Lakes, the likely explanation is that floods were excluded from the site to allow
construction of environmental infrastructure (pumping station) and this meant that
other habitats available in the region would have been preferred. The cause for the
lower numbers in the LLCCM is less clear, but may in part be due to low abundances
of key food species such as Brine shrimp.
Despite the widespread improvement in condition associated with increased flows,
there remain a number of legacies associated with the drought. These include the
apparent loss of several small fish species from icon sites including Yarra pygmy
perch from the Lower Lakes, Southern pygmy perch from the Barmah–Millewa
Forest and Dwarf flat-headed gudgeon from Hattah Lakes. There also appears to be
an ongoing decline in Murray cod numbers from at least two icon sites (Gunbower–
Koondrook–Perricoota and Lindsay–Mulcra–Wallpolla) that has not recovered with
higher flows. For vegetation, there remain issues around the recovery of Ruppia
tuberosa as it has again failed to recruit, which may mean further depletion of the
already depauperate seed bank. The tree condition surveys suggest recovery
however the data do not account for the extent of tree death that occurred during the
drought that represents a long-term change to the sites, particularly Chowilla and
Lindsay–Mulcra–Wallpolla. Finally, the establishment of Giant Rush in a number of
the Barmah–Millewa Forest wetlands, where it had not been previously, may
represent a legacy, but solutions are currently being explored so the long-term
consequences remain unclear.
65

The River Murray system trajectory
The return of wetter conditions has been associated with dramatic improvements in
the condition of the TLM icon sites. There have been widespread improvements in
tree condition and increases in floodplain and wetland vegetation diversity. The
increases in vegetation diversity have not been universal, as extended flooding led to
declines at some sites (Gunbower–Koondrook–Perricoota), but it is expected that
diversity will increase through the drying phase. As a consequence, the vegetation
community appears to be on a positive trajectory, although scope for further
improvement in some indicators (e.g. tree condition) would appear to be limited, thus
the expectation from now on may be one of maintenance rather than improvement.
For example, the observation that trees in areas that were inundated have recovered
well, while those outside the influence of floodwaters have continued to decline
(Cunningham et al. 2013) may mean that further improvement on the condition
achieved in 2011–12 may be difficult, unless these later areas can be flooded.
For the fish community, the results are less clear. The return of wetter conditions has
seen a dramatic increase in fish abundance however invasive species such as Carp
and Gambusia increased significantly in response to the first flood, although they
have subsequently declined. There was also a significant decline in native species
abundance between 2010–11 and 2011–12. While it is difficult to be definitive about
the cause, it is possible that this decline was due to the blackwater event in the River
Murray Channel. For several small native species, the return to wetter conditions has
not seen any increase in their distribution or abundance e.g. Dwarf flat-headed
gudgeon and Yarra pygmy perch. As a consequence, while the return of wetter
conditions has brought improvements, it would be difficult to assess the trajectory of
the fish community as improving. Rather, the community has changed and the
implications of these changes are not well understood.
For the waterbird community, 2011–12 saw an increase in species richness to levels
seen in 2009–10 and abundances increase over those seen in 2010–11, but still less
than those seen in 2009–10. Analysis of waterbird community composition reveals
significant differences among sites but relatively little variation among years with the
exception of Barmah–Millewa Forest and Gunbower–Koondrook–Perricoota
(Kingsford & Porter 2012). It is difficult to interpret these results in terms of a
trajectory however the return of wetter conditions does appear to have led to
improvements.
As can be seen from the preceding paragraphs, there are a number of issues
associated with identifying a trajectory of change for the sites of the River Murray
system. The TLM program seeks to restore the River Murray to a ‘healthy working
river’. A natural River Murray would have experienced cycles of wetting and drying
that would have been associated with dramatic changes in condition. It is assumed
that a healthy working River Murray would exhibit similar cycles which means that
the TLM program is attempting to assess changes in condition within a highly
dynamic context of climate variability. As a consequence, it is not surprising that the
clearest signals emerging from the TLM condition monitoring are those associated
with the transition from drought to flood. The challenge of then identifying the
contribution of the TLM program to current condition becomes very complex.
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Key lessons
There are a number of key lessons to be taken from the changes in condition that
occurred between 2010–11 and 2011–12. The first of these is the blackwater event
in 2010–11. While the anoxic blackwater event was recognised as a significant
disturbance, there was little information available concerning the long-term
consequences of the event. The TLM condition monitoring results suggest that the
event may have contributed to a decline in fish abundance along the river. Certainly
there is evidence that the blackwater event had a significant detrimental effect on
species with low tolerance to anoxic conditions i.e. Murray cod and Murray crayfish
(Beesley et al. 2013). It would also appear that Carp numbers increased in areas
affected by the anoxic blackwater which also represents a poor outcome for native
fish (Beesley et al. 2013). Anoxic blackwater remains a potential cause of the decline
in fish numbers. The long-term consequences are not well understood however the
experience in the Edward–Wakool would suggest that smaller species recover more
quickly, whilst the recovery of larger species is heavily influenced by the availability
of individuals from other systems.
In the Coorong, the distribution and abundance of Ruppia tuberosa declined in 2011
despite having shown some signs of recovery in 2010 in the North Lagoon. Three
factors may have contributed to this outcome; competition with filamentous algae, a
depauperate seed bank in the South Lagoon and declining water levels in spring
(Paton & Bailey 2012). Both the filamentous algae and declining water levels are
influenced by flows into the Coorong and consideration may need to be given to
prioritising water level maintenance in order to meet the relevant objective. The
potential role of the seed bank in supporting resilience may require further
investigation into the frequency with which flows are allocated to enable seed banks
to regenerate or the potential to maintain relict populations to facilitate re-seeding.
Despite the flood in autumn 2012, vegetation diversity declined at two sites and
increased at the site at which floodwaters were excluded (Hattah Lakes). It is not
clear what caused the decline, but there are two possibilities. The first is that
extended inundation is associated with a decline in species richness (Nielsen et al.
2013; Barrett et al. 2010). The other explanation is that high sediment loads
associated with the flood had a detrimental effect on wetland plants. Water quality
data from the River Murray at Barmah found higher levels of turbidity during the 2012
flood than in the previous flood (2011) and that this had an effect on rates of primary
production in the river. A long-term examination of Washpen Creek near Euston
observed the loss of macrophytes as a consequence of the flood, despite them
having persisted through the drought.
The observation that macrophytes declined in response to a natural flood and the
earlier observation that the overbank flood led to an increase in the abundance of
Carp and Gambusia in the Hattah Lakes, raises an interesting conundrum
concerning manager’s response to natural floods. While the overall benefits of
natural floods are clear, there may be some species that may be at risk from natural
floods in some circumstances (e.g. high suspended sediment or vulnerable to
invasive species). It is not clear what, if any, management adaptation may be
required. Identifying appropriate management responses may rely on improving our
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understanding of the long-term response of the vegetation, fish and waterbird
communities to floods.
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