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Executive summary 
 

Background 

The MurrayςDarling Basin (MDB) is a large drainage system (1 million km2) of south-eastern Australia, 
which supports a diverse range of flora and fauna. The MDB is comprised of numerous rivers and 
catchments including the Darling, Murray and Murrumbidgee rivers. The River Murray is the primary 
river in the South Australian section of the MDB, which is of high economic, social, cultural and 
ecological significance. The ΨƭƻǿŜǊ wƛǾŜǊ aǳǊǊŀȅΩ ό[waύΣ ƛƴ {outh Australia (SA) is highly regulated; the 
upstream water diversion and extraction and the construction of a series of low-level weirs during the 
1920s and 1930s have dramatically altered the natural flow regimes in this region. There have been 
significant flow reductions, and the main channel is now characterised by a series of cascading lentic 
weir pools under low within-channel flows (<30,000 ML day-1). 

Between 1997 and 2009 the MDB experienced its most severe drought on record. Over this period, low 
and stable within-channel flows (<15,000 ML day-1) predominated in the LRM and were insufficient to 
inundate floodplains. Concurrently, water levels downstream of Lock 1 fell below sea level for the first 
time in recorded history. Consequently, floodplain and fringing wetlands became disconnected and 
desiccated, and large areas of acid sulphate soils were exposed in the Lower Lakes. In mid-late 2010, 
above average rainfalls throughout most of the upper-catchment of the MDB resulted in widespread 
flooding in the LRM. River flow at the SA border increased substantially from September 2010 to a peak 
of approximately 93,800 ML day-1 in February 2011. These overbank flows provided longitudinal and 
lateral hydrological connectivity and returned hydraulic complexity to the weir pools of the LRM.  

Whilst the River Murray is recognised as a significant ecological asset to be targeted by environmental 
flows, current knowledge of environmental water requirements in the LRM is limited. To achieve the 
greatest ecological benefits from available environmental water, it is important to understand 
ecological responses to different flow scenarios, including floods. The 2010/11 flood ended a 10 year 
period of drought and provided a unique opportunity to investigate the impacts of increased flow on 
the ecology and resilience of the key populations and communities in LRM. 

Murray Flood Ecology project and research aim 

The Murray Flood Ecology (MFE) project was a collaborative research project developed in response to 
the 2010/11 overbank flood in the LRM. The aim of the MFE project was to investigate key ecological 
responses to flooding following an extended drought in the LRM. The project included a series of sub-
projects undertaken to test hypotheses that were based on a conceptual understanding of the life 
histories of relevant biota and ecological processes, and the responses that might be expected from 
floods. The flow ecology research through this project aimed to develop critical knowledge to 
underpin the prediction of future responses to environmental watering, particularly in the context 
of overbank flows. Data collected will aid in the development of models for assessing ecosystem 
response to various flow events, helping to create a framework of future management tools for the 
LRM.  

The MFE project involved investigations that targeted the main channel, wetland and floodplain 
environments, covering both abiotic (water quality and nutrients) and biotic (primary productivity, 
plants and fish) responses to flooding. Research sub-projects were grouped under three themes 
investigating the effects of flood on 1) nutrients, primary production and metabolic activity; 2) fish 
ecology; and 3) aquatic and floodplain vegetation. Data were integrated to develop a conceptual model 
of the ecosystem response to flooding in the LRM. 
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Key findings and outputs 

Effects of flooding on nutrients, primary production and metabolic activity 

¶ Flooding in the LRM led to an increase in nutrient concentrations, which was associated with an 
increase in phytoplankton biomass. Phytoplankton communities changed from a Cyanophyta 
dominated community during the low-flow period (<7,000 ML day-1) between June 2008 and 
August 2009 to a mixed community during the high-flow period in 2010/11. This community 
was dominated by diatoms on the rising and falling limbs of the hydrograph during October 
2010 and mid-2011, and Chlorophyta during peak flow (~80,000 ML day-1) in February 2011. 
High diatom abundance was observed at the completion of the study in August 2011 when 
flows were approximately 35,000 ML day-1. 

¶ The shift in phytoplankton communities from Cyanophyta to diatom dominated is associated 
with reduced risk of Cyanophyta blooms and nutritional benefits for the aquatic foodwebs. 

¶ The Chowilla and Barmera floodplains were major sites for phytoplankton photosynthetic 
production and sources of organic matter during the high-flow period. This highlights the 
importance of lateral connectivity between the main channel and off-channel habitats, and the 
significance of specific floodplain areas. A large proportion of respiration in the main channel 
was attributed to unidentified sources and is believed to be associated with these two 
influential floodplains. It has not been determined if this was due to planktonic organisms in 
floodwaters on the floodplain, or due to benthic activity associated with the flooded soils, but it 
suggests that significant processing of organic material occurs on the floodplain prior to waters 
returning to the channel. 

Fish ecological responses to flooding 

¶ The larval fish assemblage during flooding in 2010 differed significantly from the assemblages 
during the drought (flows <7,000 ML day-1) in 2006, 2007 and 2008, and appeared to be more 
similar to the assemblage during 2005 with small within-channel flows of ~13,500 ML day-1 in 
the LRM. This was mainly attributed to the presence of flow-cued spawners (golden perch and 
silver perch) and higher relative abundances of Murray cod larvae during 2005 and 2010.  

¶ Following flooding in 2011, abundance of golden perch was significantly greater (5ς6 times) 
than during low-flow years. Age structures indicated that increased abundance was 
predominantly due to recruitment of fish spawned during the flood in 2010/11 and during the 
previous year (2009/10), which was characterised by low within-channel flows in the LRM.  

¶ Radio-tagged Murray cod movements ranged from localised small-scale (<2 km) movement to 
large-scale (>50 km) upstream riverine movement. Murray cod exhibited high fidelity to 
perennial anabranch habitat of Chowilla but also moved extensively between anabranches and 
the main channel, highlighting the importance of connectivity between these two habitats. 
Mortality of radio-tagged Murray cod was considerable (25%) across a broad geographic range 
(>100 km) in association with a hypoxic blackwater event during the flood. 

¶ Flooding was integral in structuring fish assemblages in the main channel of the LRM. Flooding 
indirectly resulted in the absence or reduced abundance of small-bodied fish species, by re-
structuring macrophyte cover (i.e. loss of submerged macrophytes). In contrast, large-bodied 
species (i.e. golden perch and common carp) exhibited flexible microhabitat use and increases 
in abundance following flooding were related to the direct influence of flow on critical life 
history processes (i.e. spawning and recruitment). 

¶ Flooding was associated with significant changes in wetland fish assemblages. There was an 
overall reduction in abundances of native fish following the flood. In general, differences in 
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assemblage structure were driven by decreases in the abundance of carp gudgeon, flathead 
gudgeon, dwarf flathead gudgeon and eastern gambusia, and an increase in the abundance of 
common carp.   

Aquatic and floodplain vegetation response to flooding 

¶ The response of aquatic plant communities below Lock 1 to the reinstatement of water levels 
(return to normal pool level) varied among floodplain wetlands between Mannum and 
Blanchetown and the Lower Lakes. Emergent plants generally persisted throughout the study 
area during low-flow conditions and increased in abundance after flows were re-instated, 
demonstrating resistance to disturbance.  Submergent plants were extirpated from the Lower 
Lakes during the drought but recruited in shallow water habitats (shorelines and wetlands) after 
water levels were reinstated, demonstrating resilience. Between Mannum and Blanchetown, 
however, the submergent plant community did not exhibit a positive response, either due to 
lack of resilience and/or other non-biotic factors such as turbidity. However they are expected 
to recover and recruit after normal pool levels return and be maintained post-flooding. 
Terrestrial and floodplain plants which recruited onto exposed wetland beds and lakeshores 
during the drought became extirpated after flows returned, but recruited between Mannum 
and Blanchetown at higher elevations once overbank flows receded.  

¶ Lateral bank recharge is an important mechanism in the maintenance and improvement of river 
red gum condition along the LRM. A lateral recharge zone of influence 30 to 90 m from the LRM 
main channel and feeder creeks was identified as important in maintaining river red gums in 
better condition. Higher within-channel irrigation water delivery during summer months was 
critical to tree survival adjacent to the channel during the drought. River red gum response to 
flooding was greatest when inundated between 7 and 60 days on the Chowilla floodplain.  

¶ Tree water availability, indicated by the extent and degree of soil and groundwater freshening, 
was significantly greater after the flood than after artificial watering and groundwater 
management. However, the persistent high water tables caused by elevated river levels appear 
to have suppressed or delayed the expected tree canopy response to the flood. Understory 
vegetation species richness at Pike (24 taxa before, 68 taxa after) and Chowilla (43 taxa before, 
66 taxa after) floodplains increased after natural flooding, but the response was not consistent. 
This was due to the large number of floodplain and amphibious species that were present on 
the Chowilla floodplain prior to the 2010/11 flood due to artificial watering.   

Conceptual riverςecosystem model 

¶ A high-flow/flood ecosystem model was developed for the LRM using data collected from the 
sub-projects of the MFE (based on the 2010/11 flooding event) and some data during the 
drought. For most ecological components, flooding was thought to have an overall positive 
impact. 

¶ As this model is based on a single natural flood (2010/11) following an extended drought, there 
is a need to broaden our knowledge over multiple flood events, which will strengthen the 
conclusions drawn from the MFE project and ensure a comprehensive understanding of 
ecological responses to flooding in the LRM.   

Conclusions and recommendations 

Natural flooding in 2010/11 facilitated important ecological processes including increased primary 
production, improved lateral and longitudinal connectivity, lateral bank recharge, re-structuring of 
aquatic plant communities, plant recruitment and fish spawning, recruitment and movement, leading to 
increased abundances, improved condition and recovery of key communities after drought. The 
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research outcomes highlight that flooding, as an integral part of the natural flow regime, is important in 
maintaining the ecological integrity of floodplain rivers.  
 
Overall, research sub-projects had a high level of concurrence in findings. For instance, 
 

¶ Flood and increased within-channel flows facilitated spawning and recruitment of golden perch, 
a flow-cued spawning species in the LRM, while floods also led to increased recruitment and 
abundance of common carp, a flood opportunistic invasive species, in the main channel and 
most wetlands. This implies that careful management of flow is required in order to minimise 
benefits for carp, while maximising benefits for native species.  

 

¶ In the main channel, both larval and adult fish assemblages showed a structure shift from 
drought to flood mainly due to reduced relative abundances of small-bodied fish and increased 
abundances of large-bodied fish during the flood. This was linked to the alteration of 
microhabitats (i.e. reduction of submerged aquatic macrophytes with which small-bodied fish 
are associated) and enhanced spawning, recruitment and abundance of large-bodied fish (e.g. 
golden perch and carp).  

 

¶ The vegetation communities of the floodplains and their wetlands in the LRM demonstrated 
ecological resistance and resilience in their response to the flood following an extended 
drought. While artificial watering maintained the diversity of floodplain and amphibious 
vegetation species during the drought in selected areas, it was spatially limited. Riparian tree 
communities benefited from lateral bank recharge caused by fluctuations in river levels, 
artificial watering, groundwater management and the flood. 
 

¶ Both water quality and golden perch studies suggest that maintaining flow integrity and 
continuity (e.g. Darling or upper-, mid-Murray to the LRM) are important to facilitate nutrient 
transport, larval drift and juvenile fish dispersion. This also supports the notion that 
environmental flow management needs to consider appropriate spatio-temporal scales (e.g. 
river scale).    

 

¶ River metabolism and Murray cod movement studies have both highlighted the importance of 
maintaining connectivity between the main channel and key off-channel habitats to facilitate 
carbon/nutrient and biotic movements.  

  
The conceptual model developed based on findings from sub-projects captures our understanding of 
the ecological responses to flow. This model has the potential to be used as a basis for the future 
development of tools to assist in the flow management of the LRM. Investigation of ecological 
responses to further floods and within-channel flows in the LRM will allow for more reliable predictions 
of flow response, which will better inform environmental water planning and management.  
 

Management considerations were identified for each MFE sub-project and general recommendations 
are provided as follows: 

¶ The LRM is an integrated floodplain riverine system; complementary management actions are 
needed to achieve ecosystem outcomes.  

¶ Environmental water management should consider appropriate scale (e.g. river scale) 
concordant with ecological process and life history of targeted biota, and should not be limited 
to the site or reach scale. 
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¶ Flow delivery to facilitate large scale connectivity (river or basin level) is important for 
maintaining a healthy and diverse river. Maintaining lateral connectivity is also critical between 
the river main channel and productive off-channel wetland and floodplain habitats. 

¶ Returning a more natural flow regime that includes a mix of flooding, low- and medium-level 
flows where various species and functional groups can meet their specific life-history 
requirements is suggested to restore and maintain aquatic ecosystems of the LRM.  

¶ Currently, environmental flows are delivered to the LRM typically to create spring/summer flow 
pulses, aiming to increase flow variability and achieve ecological outcomes. Within-channel 
flows (e.g. 15,000ς50,000 ML day-1) could be restored within the current constraints of system 
operation.  

¶ In contrast, using engineering to mimic natural floods is more challenging and has clear 
limitations as manipulated flood events are unlikely to serve the complete ecological function of 
a natural flood and could create risks by disconnecting riverine processes and functions.  

In order to further understand the role of flow in the ecology of the LRM, ongoing investigations during 
various flow scenarios are required. The MFE project has improved our conceptual understanding of 
flow-related ecology in LRM, which can be used to guide flow restoration and develop hypothesis driven 
monitoring to adaptively manage environmental flows. Integral to this are rigorous and robust long-
term monitoring programs.   
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Introduction 

Murray Flood Ecology 
The Murray Flood Ecology (MFE) project was developed in 2010 to investigate ecological responses to 
an overbank flow in the lower River Murray, South Australia (SA). Funded predominantly by the Goyder 
Institute for Water Research, research was undertaken by scientists from a number of organisations 
including the South Australian Research and Development Institute (SARDI), Commonwealth Scientific 
and Industrial Research Organisation (CSIRO), University of Adelaide and Flinders University. 

MurrayςDarling Basin and lower River Murray 
The MurrayςDarling Basin (MDB) is a large, regulated drainage system that covers an area of more than 
1 million km2 of south-eastern Australia and supports a diverse range of flora, fish, waterbirds, reptiles, 
amphibians, mammals and macroinvertebrates (MDBA 2014). The MDB is comprised of numerous rivers 
and catchments including the Darling (~2,800 km long), Murray (~2,300 km long) and Murrumbidgee 
(~1,600 km long) rivers. The River Murray flows along the NSWςVictoria border into SA and discharges 
into the Southern Ocean. 

The ΨƭƻǿŜǊ River MurrayΩ (LRM) is classified as the reach of the River Murray downstream of the Darling 
River junction, differentiated by hydraulic, hydrologic and geomorphic properties (Walker 2006). This 
MFE project focuses on the SA section of the LRM as most projects were confined within the SA border. 
CǊƻƳ ƘŜǊŜƛƴΣ ǘƘŜ Ψ[waΩ ǿƛƭƭ ōŜ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ǎŜŎǘƛƻƴ ƻŦ the River within SA unless specified. The LRM is 
an area of high economic, social, cultural and ecological significance. It is the major source of domestic 
drinking water for the SA population and an important supply of water for irrigated agriculture. Within 
the LRM three sites are listed as wetlands of international importance under the Ramsar Convention 
όΨǘƘŜ wƛǾŜǊƭŀƴŘΩ, Ψ.ŀƴǊƻŎƪ {ǘŀǘƛƻƴ ²ŜǘƭŀƴŘ /ƻƳǇƭŜȄΩ ŀƴŘ ΨǘƘŜ /ƻƻǊƻƴƎ ŀƴŘ [ŀƪŜǎ !ƭŜȄŀƴŘǊƛƴŀ ŀƴŘ 
!ƭōŜǊǘΩ) and three as MurrayςDarling Basin Authority Icon ǎƛǘŜǎ όΨ/Ƙƻǿƛƭƭŀ CƭƻƻŘǇƭŀƛƴΩ, Ψthe River Murray 
ChannelΩ ŀƴŘ ΨǘƘŜ /ƻƻǊƻƴƎ ŀƴŘ [ŀƪŜǎ !ƭŜȄŀƴŘǊƛƴŀ ŀƴŘ !ƭōŜǊǘΩ) (MDBA 2014), which have been identified 
as areas of high ecological importance. The LRM can be divided into four distinct geomorphic regions: 
the floodplain, gorge, swamplands and lakes (Figure 1). Within SA, the floodplain geomorphic region 
extends from the SAςNSW border to Overland Corner and is characterised by an extensive floodplain 
(up to 10 km wide) and a complex network of anabranch systems. The gorge geomorphic region extends 
from Overland Corner downstream to Mannum and is characterised by vertical limestone cliffs and a 
relatively narrow floodplain (1 2 km wide), with large permanent wetlands. The swamplands region 
comprises the reach between Mannum and Wellington, which is characterised by reclaimed 
swamplands used for agriculture (primarily dairy). The lakes region begins at Wellington and is 
comprised of two large, shallow freshwater lakes: Lake Alexandrina and Lake Albert. The river enters the 
top of Lake Alexandrina, the larger of the two lakes, with water flowing into Lake Albert from Lake 
Alexandrina through a narrow channel. The Murray estuary and Coorong receive water through a series 
of channels that drain from Lake Alexandrina (Phillips and Muller 2006).  
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Figure 1. The lower River Murray, South Australia showing four geomorphic regions and six locks and weirs. 

Hydrology 
The LRM is highly regulated by upstream diversions and a series of low-level (~3 m) weirs that were 
constructed during the 1920s and 1930s for the purpose of irrigation and navigation (Walker 2001). 
Additionally, a series of tidal barrages were constructed between Lake Alexandrina and the Murray 
estuary to prevent saltwater intrusion. River regulation and water abstraction have altered the natural 
flow regime of the LRM, dramatically reducing flow volumes and hydrological variability (Maheshwari et 
al. 1995). Post-regulation, only ~40% (4,915 GL) of the natural mean annual discharge (12,300 GL) of the 
River Murray Basin reaches the Southern Ocean (Walker 2006). Under low-flow conditions, which 
predominate, the LRM is now characterised by series of lentic weir pool habitats, contrasting the rivers 
historically highly variable, lotic form (Walker 2006). 

Since the late 1970s, flow into South Australia has been highly variable with peak flows of 
>100,000 ML day-1 experienced in 1981, 1990, 1993 (Figure 2). Between 1997 and 2009, the MDB 
experienced its most severe drought on record (Leblanc et al. 2012), characterised by low, stable within-
channel flows (mostly <15,000 ML day-1) after 2001 in the LRM (Figure 2). Concurrently, water levels 
downstream of Lock 1 (including lakes Alexandrina and Albert) fell below sea level in 2008 for the first 
time in recorded history (MDBA 2014). Consequently, floodplain and fringing wetlands became 
disconnected and desiccated (Nicol 2010), and large areas of acid sulphate soils were exposed in lower 
reaches of the Murray and in the lakes (Simpson et al. 2010). 

In mid-late 2010 above average rainfalls throughout the upper-catchment of the MDB caused 
widespread flooding in the LRM. Flow over the SA border began to increase in September 2010 and 
peaked at 93,872 ML day-1 in February 2011 (Figure 2). Overbank flows, which occur at discharges of 
>35,000 50,000 ML day-1 in the LRM depending on location, occurred from November 2010 to February 
2011. Large areas of floodplain were inundated (Nicol et al. 2013; Doody et al. 2014), temporarily 
restoring lateral connectivity and potentially providing a source of nutrients and other external inputs 
into the river (Robertson et al. 1999). Flows of this magnitude, and subsequent removal of the weirs, 
restore the lotic nature of the LRM (Walker 2006). 
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Figure 2. River Murray daily flow discharge rate (ML day 
-1
) over the SAςNSW border between 1977 and 2014 (Source: www.waterconnect.sa.gov.au). Dashed red line 

indicates approximate bank-full flow in the lower River Murray. 
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Knowledge gaps and aims 
The main channel of the River Murray is recognised by the MDBA as a significant ecological asset to be 
targeted by environmental flows (DEWNR 2013). Despite this, the environmental water requirements of 
the LRM and flow-ecology relationships in this region are not well understood. To achieve the greatest 
ecological benefits from available environmental water in the River Murray, it is important to 
understand ecological responses to different flow scenarios, including flood. Significant ecological 
research and monitoring has occurred in the LRM in the past decade, predominantly investigated under 
low-flow conditions during drought. The 2010/11 flood provided a unique opportunity to investigate the 
influence of increased flow on the ecology and resilience of the ecosystem. 

The overall aim of the MFE project was to investigate the response of key ecosystem components to 
flooding in the LRM following several years of extreme drought. The project also aimed to test several 
hypotheses (Table 1). These hypotheses will aid in the development of a framework and models for 
assessing the ecological response of the system to various flow events and provide future management 
tools for the system (e.g. regarding environmental flows).  

MFE research components 
The following conceptual diagram is a simplistic representation of the components and processes of 
river ecosystems that are influenced by changes in flow (Figure 3). This conceptual understanding 
formed the base design of the MFE project. Connections between the floodplains, wetlands and the 
main river channel are poorly understood, despite supporting important ecological components and 
underpinning important functions during periods of high flow. Therefore, this project involved studies 
that targeted the main channel, wetlands and floodplain. Both abiotic (water quality and nutrients) and 
biotic (primary productivity, plants and fish) responses to flooding were investigated.  

 

 

Figure 3. Conceptual representation of ecological components that can be influenced by changing flow for the 
lower River Murray. C=carbon, N=nitrogen, P=phosphorus,  ER =ecosystem response , ERM = ecosystem 
response model.  
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The MFE project included a number of sub-projects designed to investigate key ecological responses to 
flow (Table 1). Data and knowledge developed from these studies were then used to create a 
conceptual model of the response of the LRM to flooding.  
 
This synthesis report provides background on the MFE collaborative study, presents a summary of the 
key findings of each sub-project and provides general recommendations for flow management to 
achieve environmental outcomes in the LRM. More detailed information (e.g. methodology, statistics 
etc.) for sub-projects are available in Goyder technical reports or journal publications of research sub-
projects (see Table 1). In this report, the findings from each research sub-project are presented under 
three main themes: effects of flooding on 1) nutrients, primary production and metabolism (Section 
two); 2) fish ecology (Section three); and 3) aquatic and floodplain vegetation (Section four) (Table 1). 
The conceptual model that was created based on findings from the sub-projects follows in Section five.  
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Table 1. Murray Flood Ecology (MFE) sub-projects and hypotheses/questions being addressed.  

Main theme Sub-project title Hypothesis/Question Publication 

Nutrients, 
primary 
production and 
metabolic 
activity 

The influence of flow on abiotic and biotic 
conditions in the River Murray channel. 

The increase in flow will reduce underwater light availability leading to a reduction in phytoplankton and 
macrophyte biomass and a change in the phytoplankton community composition from Cyanophyta and green 
algae to diatoms. 

Aldridge et 
al. (2012) 

Flow induced alterations in total river 
metabolism and changes in component 
contributions. 

An increase in flow will increase the proportion of organic material (food) coming from external sources and 
decrease the proportion from in channel primary productivity (phytoplankton and macrophytes), thus re-
balancing the form of food energy available to support invertebrates and fish. 

Oliver and 
Lorenz 
(2013) 

Fish ecology 

Annual variation in larval fish 
assemblages in a heavily regulated 
lowland river. 

Current high flow and flooding event will trigger fish spawning for flow-cued spawners in the main channel of 
the LRM; while conditions may not be optimal for low-flow spawner and circa-annual spawner species.  
Applicability of the flow related spawning/recruitment models will be tested by comparing the current fish 
spawning response to spawning during a within channel flow pulse and three low-flow years. 

Cheshire et 
al. (2012) 

Effects of flooding on recruitment and 
abundance of golden perch in the LRM. 

A large within-channel flow/flooding event (30,000ς90,000 ML day
-1
) will provide the hydrological and 

hydraulic conditions to facilitate the recruitment of golden perch in the LRM. 

Zampatti and 
Leigh 
(2013b) 

Movement and mortality of Murray cod 
during overbank flows in the LRM. 

A large within-channel flow/flooding event will promote large-scale exploratory movements of Murray cod 
and the potential establishment of new home ranges.   

Leigh and 
Zampatti 
(2013) 

Flow induced alterations to aquatic 
macrophyte communities and fish 
assemblages in the River Murray channel. 

Increases in water velocity will decrease the cover of aquatic macrophytes and in turn restructure fish 
assemblages by decreasing the abundance of generalist/wetland species in the main channel of the River 
Murray. 

Bice et al. 
(2014) 

What is the response of wetland fish 
assemblages following flooding? 

The response of fish communities in wetlands following flooding will be influenced by the resilience of fish 
species; therefore, post-flood communities may not immediately reflect pre-drying fish assemblages and are 
likely to be heavily dominated by opportunistic species. 

Thwaites and 
Fredburg 
(2014) 

Aquatic and 
floodplain 
vegetation 

Resilience and resistance of aquatic plant 
communities downstream of Lock 1 in the 
River Murray. 

Aquatic plant communities in the River Murray (including Lower Lakes) are resilient.  Plant communities similar 
to those observed pre-2007 will recruit in response to the current flow events (using the River Murray 
downstream of Lock 1 as a model ecosystem). 

Nicol et al. 
(2013) 

Investigate the response of river red 
gums to the current flow/flooding event. 

The flow/flooding event will improve lateral hydrological connectivity between the river banks and riparian 
zones.  This will have a positive impact on the health of river red gums (Eucalyptus camaldulensis) in those 
zones. 

Doody et al. 
(2014) 

Floodplain response and recovery: 
comparison between natural and artificial 
floods. 

Overbank flows will lead to salt leaching by vertical infiltration, groundwater freshening by bank recharge and 
an understorey vegetation and tree health response. Comparison of floodplain and vegetation responses to 
natural overbank floods with previous artificial floods will demonstrate the relative effectiveness of artificial 
floods. 

Holland et al. 
(2013) 

Conceptual 
riverςecosystem 
model 

Conceptual riverςecosystem model. 
To develop a preliminary conceptual model for the ecological responses measured in the LRM as a precursor 
to more sophisticated river management tools. 

Lester et al. 
(2014) 
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Effects of flooding on nutrients, primary production and metabolic 
activity 
 

Flows in rivers transport nutrients, organic matter and food resources and are a key driver of 
productivity in aquatic systems (Poff et al. 1997). These inputs can be from an allochthonous source 
(external supply from terrestrial origin) or an autochthonous source (internal supply from primary 
production by aquatic autotrophs) (Vannote et al. 1980). For a highly regulated arid/semi-arid river such 
as the LRM, autochthonous energy sources from the main river channel are the main contributor of 
energy (Oliver and Merrick 2006; Oliver and Lorenz 2010). However, overbank flooding events and 
associated inundation of floodplains can also deliver to the river large amounts of nutrients along with 
dissolved and particulate organic material of highly variable composition from allochthonous sources on 
the floodplain (Robertson et al. 1999). The frequency, duration and magnitude of droughts and floods 
can therefore shape river ecosystems, through large-scale changes in energy sources. Key findings by 
Aldridge et al. (2012) and Oliver and Lorenz (2013) for the changes in water quality, nutrients, primary 
production and metabolic activity from low-flow to high-flow/flood conditions are presented below.  

Nutrients and phytoplankton communities 
Aldridge et al. (2012) investigated changes in nutrient and phytoplankton communities in the River 
Murray, primarily from low-flow (2008/09) to high-flow (2010/11) conditions. This study was conducted 
from Lock 9 (see Aldridge et al. (2012) for map) to Tailem Bend, which included the swamplands, gorge 
and floodplain geomorphic regions of the LRM (Figure 1). Changes in salinity, dissolved organic carbon 
(DOC) and dissolved oxygen (DO) were also examined. See Aldridge et al. (2012) for a more detailed 
description of methodology. 

There were clear differences in nutrient concentrations and phytoplankton communities between flow 
periods. Low nutrient concentrations occurred during the low-flow period, likely a result of low inputs 
from upstream areas and retention due to sedimentation of organic and inorganic material. 
Concurrently, Cyanophyta (cyanobacteria) dominated the phytoplankton community in the LRM 
(<10,000 ML day-1) (Figure 4). Salinity and DOC concentrations were relatively constant during the low-
flow period for most sites except the Darling River, where DOC and salinity were high in 2003 and 2007. 
Whilst elevated levels of nutrients, DOC concentrations, salinity and Cyanophyta (Anabaena) were 
observed in the Darling River during the low-flow period, these appeared to have minor influences on 
downstream sites in the LRM, due to the large dilution of Darling flows. During the low-flow period high 
electrical conductivities (>1,рлл ˃{/cm) were observed in the river below Lock 1. These elevated 
salinities appeared to originate from Lake Alexandrina, resulting from evapotranspiration and seawater 
intrusions into the lake, and subsequent wind driven transport upstream.  

The high-flow period resulted in the mobilisation of nutrients from the basin. The majority of these 
nutrients were attributed to the River Murray upstream of South Australia and the Darling River. 
However, the area between Lock 9 and Lock 1 was also a source of total phosphorus and total nitrogen, 
presumably through mobilisation from the floodplain (allochthonous source) and possibly from internal 
sources such as sediment resuspension. The phytoplankton community became dominated by 
diatoms/Bacillariophyceae (e.g. centric diatom, Aulacoseira) in place of Cyanophyta (Figure 4; Figure 5). 
Dissolved nutrient concentrations fell rapidly after peak flows, whereas phytoplankton biomass further 
increased after the flow peak passed (Figure 4). Chlorophyta were moderately abundant at all flows, but 
increased during the high-flow period. During the high-flow period heterotrophic productivity was also 
stimulated through mobilisation of organic carbon from the basin, largely from upstream sources. DOC 
concentrations were typically below 10 mg L-1 until the beginning of the high-flow period (20 mg L-1), as 
floodplain and terrestrially-derived organic carbon entered the river. This shifted the river from a net 
autotrophic system to a net heterotrophic system. 
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Figure 4. Changes in physico-chemical conditions and phytoplankton communities at Morgan (Figure 1), South 
Australia during the low-flow (June 2008 to August 2009) and high-flow period (June 2010 to August 2011). 
Shown are the changes in discharge, electrical conductivity, dissolved organic carbon (DOC), dissolved oxygen 
(DO) ammonia (NH4), oxidised nitrogen (NOx), total Kjeldahl nitrogen (TKN), total nitrogen (TN), filterable 
reactive phosphorus (FRP), total phosphorus (TP), chlorophyll a (Chl-a), silica (Si), and selected phytoplankton 
groups. 
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Figure 5. Changes in phytoplankton communities at Morgan (Figure 1), South Australia during the low flow (June 
2008 to August 2009) and high-flow period (June 2010 to August 2011). Shown are dominant genera and groups 
from diatoms (a), Cyanophyta (b) and Chlorophyta (c). 

It was clear that both low-flow and high-flow periods present different water quality risks. Extended 
periods of low flow increase the risk of salinisation, hypoxia and Cyanophyta blooms and the provision 
of dilution flows to the LRM is required to minimise these risks. Such conditions also result in the 
accumulation of carbon on the floodplain, increasing the potential for hypoxic conditions (i.e. 
ΨōƭŀŎƪǿŀǘŜǊΩύ upon re-inundation. Reducing the interval between floodplain inundation events may 
reduce the risk of hypoxic events. Furthermore, given Cyanophyta tend to dominate at low flows, 
ŦƭƻƻŘǇƭŀƛƴ ƛƴǳƴŘŀǘƛƻƴ ǎƘƻǳƭŘ ŀŎŎƻƳǇŀƴȅ ΨƘƛƎƘ ŦƭƻǿΩ ōŜŎŀǳǎŜ ƻǘƘŜǊǿƛǎŜ /ȅŀƴƻǇƘȅǘŀ Ƴŀȅ ŀŎŎŜǎǎ 
increased nutrient loads following inundation and thus the risk of nuisance blooms would increase. 
Cyanophyta are often non-preferred food sources for zooplankton whereas diatoms are considered to 
be of high nutritional value for higher trophic levels. Provisions of water to the floodplain should be 

a)

b)

c)



Ye et al. 2014                  Murray Flood Ecology Synthesis Report 
 

10 | P a g e 
 

complemented with river flow rates that favour a phytoplankton community dominated by diatoms, 
particularly during periods of warm, calm conditions. These provisions would have environmental, social 
and economic benefits. 

Organic matter and metabolic activity 
Photosynthesis and respiration are the metabolic processes responsible for the formation and 
breakdown of organic material. The balance between photosynthesis and respiration within the river 
channel identifies the energy captured and utilised by the aquatic food webs. Environmental conditions 
can influence river metabolism across a wide range of time scales from sub-daily changes in incident 
irradiance to inter-annual variations in weather patterns. Less well recorded are the decadal changes in 
response to extreme environmental conditions such as droughts and floods.  

Oliver and Lorenz (2013) measured the rates of photosynthesis in the River Murray channel in response 
to the 2010/11 flood. Estimates of production and respiration were based on dayȤnight changes in 
oxygen concentration measured continuously over 24Ȥ36 hour periods in the river, and in plankton 
incubation chambers. Estimates were obtained of gross primary production (GP), community respiration 
(CR) and net ecosystem production (NP) for the whole channel and for the plankton. The difference 
between these two provides an estimate of the metabolism associated with non-planktonic sources. 
Results from the high-flow period were compared to measurements previously recorded periodically 
along the main channel during periods of within-channel, near bank-full irrigation flows (1998/99 and 
2006/07) and during the very low-flow period of the drought (2008/09) (Oliver and Merrick 2006; Oliver 
and Lorenz 2010). This provided the opportunity to investigate the effects of flow conditions and 
especially flooding on metabolism (Figure 6). 

Prior to the flood, the metabolic rates in the South Australian section of the River Murray were similar 
to those measured upstream at other sites along the river. In flowing sections the net primary 
production rates were close to zero. This indicated that systems were largely driven by phytoplankton 
photosynthesis and the respiratory breakdown of phytoplankton cells. Metabolism was more variable in 
weir pools in the South Australian section of the river compared to upstream flowing river reaches 
(Figure 6; Figure 7). Small to moderate negative net primary production values were common indicating 
that weir pool sites accumulated organic material either from upstream or from their local catchment.  

Metabolism changed dramatically in response to the flood. Unexpectedly, planktonic photosynthesis 
remained similar throughout the flood despite the increased turbidity and water depth reducing the 
availability of light. In addition, open water gross primary production was larger than planktonic rates 
suggesting an additional source of photosynthetic production, although the conditions within the river 
channel were not supportive of photosynthesis (Figure 6). A detailed analysis showed that enhanced 
photosynthetic production occurred in the shallow waters on the floodplain and was associated with 
significant increases in phytoplankton biomass, indicated by chlorophyllȤa measurements (MDBA) of 
river samples peaking at 85 mg mȤ3. Evidently phytoplankton growing in the flood waters made a 
substantial contribution to the organic carbon load returning to the river. Further analyses indicated 
that in the South Australian section of the River Murray, the two large floodplain areas of Chowilla and 
Barmera were major sites for enhanced phytoplankton photosynthetic production, with little 
contribution from other surrounding floodplains (Figure 8). 
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Figure 6. Areal rates of gross photosynthesis (GP), community respiration (CR) and net production (NP) for the 
open water (OW) of the river channel and for the plankton at all sampling sites and times along the River 
Murray measured during different hydrological conditions, indicated here by the flow to South Australia. Note: 
measurements for 1998/ 99 were only taken from sites upstream of the South Australian section of the river. 

 

 
Figure 7. Areal rates of gross photosynthesis (GP), community respiration (CR) and net production (NP) for the 
open water (OW) of the river channel and for the plankton at sampling sites and times along the River Murray in 
South Australia extracted from Figure 6.  
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Figure 8. Floodplain areas responsible for major metabolic activity observed in the river channel during the 
2010/ 11 flood. Shown are the source locations for major and minor production peaks observed travelling along 
the River Murray at sampling sites 2, 3, 4 and 5 during the flood. The floodplain area is depicted as the extent of 
the 1956 flood. 

As expected, there were large increases in respiration rates associated with the flooding of terrestrial 
organic carbon reserves that had accumulated on the floodplain during the previous drought period 
(Howitt et al. 2007). Reduced oxygen concentrations that occur in rivers during floods are often 
attributed to the respiratory metabolism of organic material transported from the floodplain back into 
the channel. In this case the majority (70%) of the river channel respiration was attributed to 
nonȤplanktonic sources suggesting two possible processes. Respiratory reduction in oxygen could have 
been due to the metabolism of organic material transported from the floodplain and sedimenting 
within the river channel, or alternatively due to a large, respiratory activity on the floodplain causing 
oxygen drawdown in water moving across the floodplain and returning to the river. Analyses of the 
oxygen time series again highlighted the important role of the Chowilla and Barmera floodplains. These 
appear to be major sites of oxygen depletion due to heterotrophic transformation of organic material 
into microbial biota, which in addition to the autotrophic phytoplankton production, further enhances 
food supplies to the river. This interpretation of floodplain heterotrophic activity is supported by 
observations of very large numbers of zooplankton growing in the floodplain waters (Deborah Furst, 
pers. comm.).  

Following the major flood, the rates of metabolism declined to levels similar to those observed prior to 
the flood. There were slightly increased respiration rates that suggested a small store of residual organic 
carbon had been transported into the river by the flood, but this was not the substantive store that had 
been expected. It appears that the flood did not result in a long term reserve of organic carbon in the 
river channel. The results of this study confirm that floods are an important source of organic material 
to the river, some of this being of terrestrial origin and some generated within the flood waters by the 
growth of photosynthetic micro-organisms. Both of these sources of organic material provide food for 
heterotrophic micro-organisms through the microbial loop and through the classic food chain of 
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