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Executive ammary

Background

The MurragDarling Basin (MDB) is a large drainage system (1 milliéhdnsoutheastern Australia,
which supports a diverse range of floemd fauna.The MDBis comprised of numerous rivers and
catchments including th®aring, Murray and Murrumbidgee riversThe River Murray is thprimary
river in the Sout Australian section of the MDBvhich is of high economic, social, cultural and
ecological significance. Thef 2 4 SNJ wA @S NJ autbMbsiralia@SA)s highly tegulatidyhe {
upstream water diversion and extraction and the constructiora aferiesof low-level weirsduring the
1920s andl930shave dramatically altered the natural flow regimes inighregion There havebeen
significantflow reductions and the main channel imow characterised by series ofcascadindentic
weir poolsunder lowwithin-channelflows (<30,000ML day").

Between 1997 and 2009 the MDB experienced its most severe drought on rébgedthis periodlow
and stablewithin-channel flows (<15,000 ML dypredominated in the LRM andere insufficient to
inundate floodplains Concurrentlywater leves downstream of Lock 1 fell below sea level for the first
time in recorded history Consequently, floodplain and fringinvetlands became disconnected and
desiccatedand large areas of acid sulphate soils were exposed in the Lower Laka&llate 201Q
above average rainfalls throughout maost the uppercatchment of the MDBesulted inwidespread
flooding in the LRM.iRRer flowat the SA border increased substantigigm September 2010 to a peak
of approximately93,800 ML day" in February 2011These overbank flows providddngitudinal and
lateral hydrological connectivity and returned hydraulic complexity toweér pools of the LRM.

Whilst the River Murrays recognised as a significant ecological assdie targetedby environmental
flows, current knowledge of environmental water requirements in the LRM is limf@dchieve the
greatest ecological benefits dm available envirormental water it is important to understand
ecological responset® different flow scenariosincluding flood. The2010/11 flood ended al0 year
period ofdrought and provided a unique opportunity to investigate the impactsiméreased flow on
the ecology and resilience of tikey populations and communities iiRM

Murray Hood Ecologyproject andresearch aim

The Murray Flood Ecology (MFE) projeesa collaborativeresearch projectieveloped in response to
the 2010/11 overbankflood in the LRM. Thaim of the MFE project was to investigdtey ecological
responses to floodingoflowingan extendeddroughtin the LRMThe project included aeries ofsub-
projects undertaken to teshypothesesthat were based ona conceptual understanding of the life
histories of relevant biota and ecological processes, tiedresponses that might be expectdibm
floods. The flow ecology research through thiproject aimed to develop critical knowledge to
underpin the prediction ofuture responsedo environmental wateing, particularlyin the context
of overbank flows Data collected willaid in the development of model®or assessing esystem
response to various flow eventéelping to crete a framework offuture management tools for the
LRM

The MFEproject involved investigations that targeted the main channeétland and floodplain
environments covering lbth abiotic (water quality and nutrients) and biotic (primary productivity,
plants and fish) responses to floodinResearch wh-projects were groupedunder three themes
investigating theeffects offlood on 1) nutrients, primary production and metabolic activity; 2) fish
ecology and 3) aquatic anfloodplainvegetation.Data were integratedo developa conceptual model
of the ecosystenresponseto flooding inthe LRM.
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Key findings and outputs

Effectsof flooding on nutrients, primary production and metabolic activity

1

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 lovlow period (<7,000 ML da$) between June 2008 and
August 20090 a mixed communityduring the higkflow period in 2010/11. This community
was dominated by diatoms on the rising and falling limbs of the hydrogdapimg Octder

2010 and mieR011, and Chlorophyta during peak flop+80,000 ML day) in February 2011

High diatom abundance was observatithe completion of the studyin August 2011 when
flows were approximately 35,000 ML day

The #ift in phytoplankton communities from Cyanophyta to diatalominated isassociated
with reduced risk of Cyanophytdoomsand nutritional benefits for the aquatic foodwebs

The Chowilla and Barmera floodplains were major sites for phytoplankton photaticith
production and sources of organic matter during thigghflow period Thishighlighs the
importance of lateral connectivity between the main channel andcbfinnel habitatsand the
significance of specific floodplain areads large proportion of rgpiration in the main channel
was attributed to unidentified sourcesnd is believed to be associated with tke two
influential floodplains. It has not been determined if this was due to planktonic organisms in
floodwaters on the floodplain, or due to b#hic activity associated with the flooded soils, but it
suggests that significant processiofjorganic maerial occurs on the floodplaiprior to waters
returning to the channel.

Fish ecological responses to flooding

T

The larval fish assemblage durifigoding in 2010differed significantly fronthe assemblage
during the drought (flows <7,000 ML d8yin 2006, 2007 and 2008nd appeared to be more
similar to the assemblageuring 2005 with small withichannel flows 0f13,500 ML day in
the LRM.This wagnainly attributed to the presence of floveued spawnersgplden perch and
silver perchandhigher relative abundances dfurray codlarvaeduring 2005 and 2010.

Following floodingin 2011, abundance of golden perch was significantly gredbe6 times)
than during low-flow years. Age structures indicated that increased abundance was
predominantlydue to recruitment offish spawned during the flooth 2010/11 and duringthe
previous year (2009/10), which was characterised by low withannel fbwsin the LRM

RadiotaggedMurray cod movements rangd from localised smaldscale (<2 kmijnovement to
largescale (>50 kmupstream riverine movementMurray cod exhibited high fidelity to
perennialanabranch habitabf Chowillabut alsomoved extensively between anabranches and
the main channelhighlighing the importance of connectivity between these two habitats.
Mortality of radiotaggedMurray cod was considerab{@5%)across aroad geographic range
(>100 km)n associatiowith ahypoxic blackwater event during the flood.

Flooding was integral in structuring fish assemblages in the main channel bRifieg~looding
indirectly resulted in the absence or reduced abundance of sbaalied fish species, by +e
structuring macrophytecover (i.e. loss of submerged macrophytes). In contrast, {aogied
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 crititsal li
history processes (i.e. spawning and recruitment).

Flooding was associated with significant changes in wetland fish assembldges was an
overall reduction in abundances of native figlllowing the flood. In general, dferencesin
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assemblage struare were driven by dcreass in the abundance otarp gudgeonflathead
gudgeon, dwarfflathead gudgeorand easterngambusia, and an increase in the abundance of
common carp

Aquatic andloodplainvegetation response to flooding

1

The response of aquatjgant 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 LakdEmergent plants generally persisted throoghthe study
area duringlow-flow conditionsand increased in abundance after flows wereinstated,
demonstrating resistance to disturbanc&ubmergent plants were extirpated from thewer
Lakegduring the drought but recruited in shallow water habitats (shorelines and wetlaaftks)
water levels were reinstateddemonstating resilience Between Mannum and Blanchetown
however,the submergent plant communitgdid not exhibit a positiveresporse, either due to
lack of resilienceand/or other nonbiotic factors such as turbidity. However they anepected

to recover and recruit aftemormal pool levels returnand be maintained postflooding
Terrestrialand floodplainplants which recruited onto exposed wetland beds and lakeshores
during the drought became extirpated after flows returned, but recruitetween Mannum
and Blanchetowrat higher elevatiosonce overbank flows receded.

Lateral bank recharge is an important mechanism in the maintenance and improvenrargrof

red gumcondition along thd_.RM A lateral recharge zone of influence 30 to 90 m from LtRéV

main channel and feeder creeks was identified as important in maintaining river red gums in
better condition. Higherwithin-channel irrigation water delivery during summmonths was
critical to tree survival adjacent to the channel during the drougtiter red gum response to
flooding was greatest when inundated between 7 and 60 denythe Chowilla floodplain.

Tree water availability, indicated bie extent and degreef soil and groundwater freshening

was significantly greatemafter the flood than after artificial watering and groundwater
managementHowever, he persistent high water tables caused by elevated river levels appear
to have suppressed or delayed tlexpectedtree canopy response to the floodinderstory
vegetation species richness at Pike (24 taxa before, 68 taxa after) and Chowilla (43 taxa before,
66 taxa after) floodplaingscreasedafter natural flooding, but the response was not consistent.
Thiswas 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 rivegecosystem model

T

T

A highflow/flood ecosystem model was developed for thRMusing data collected frorthe
sub-projects of the MFE(based on the 2010/11 flooding event) and some data during the
drought. For most ecological componentsflooding was tbhught to have an overall positive
impact.

As this model is based orsinglenatural flood (2010/11) following an extended droughtere

is a need to broaden our kndedge over multiple flood events, which wiftrengthen the
conclusions drawnfrom the MFE project and nsure a comprehensive understanding of
ecological rgponses to iboding inthe LRM

Conclusions and recommendations

Natural flooding in 2010/11 facilitated important ecological processes including increased primary
production, improved lateral and longitudinal connectivity, lateral bank rechargestroeturing of
aguatic plant communities, plant recruitment and fish spawning, recruitment and movement, leading to
increased abundances, improvembndition and recovery of key communities after droughthe
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research outcomes highlight that flooding, as an integral pathefhatural flow regime, is importarin
maintaining the ecological integrity of floodplain rivers.

Overall, esearch sulprojectshada high level of concurrence in finding®r instance,

1 Hood and increased withishannel flows facilitated spawnirand recruitment of golden perch,
a flowrcued spawning species in the LRWhile 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 carefulnagement of flow isequired in order to minimise
benefits forcarp, while maximigng benefits for native species

1 In the main channelboth larval and adult fish assemblages showed a structure shift from
drought to flood mainly due teeducedrelative abundancs of smaltbodied fish andncrease
abundances oflargebodied fish during the flood. This wdmked to the alteration of
microhabitats (i.e. reduction of submerged aquatic macrophytéts which smaltbodied fish
are associated) and enhancepasvning, recruitment and abundance of largedied fish (e.g.
golden perch and carp).

1 The vegetation communities of the floodplains and their wetlands in the LRM demonstrated
ecological resistance and resilience in their response to the flmtldwing an extended
drought. While atificial watering maintained the diversity offloodplain and amphibious
vegetationspeciesduring the drought in selected areas, it was spatially limifegbarian tree
communities benefited from lateral bank rechargaused by fluctuations in river levels,
artificial watering, groundwater management and the flood.

1 Both water quality and golden perch studies suggest that maintaining flow integrity and
continuity (e.g. Darling or uppemid-Murray to the LRM) are imgtant to facilitate nutrient
transport, larval drift and juvenile fish dispersioifhis also supports the notion that
environmental flow management needs to consider appropriate spatioporal scales (e.g.
river scale).

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

The conceptual model developdibsed onfindings from sukprojects 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 thBow management of the LRM. Investigation of ecolobica
responses to further floasland withinchannel flovs in the LRM will allow for more reliable predictions

of flow response, which will better inform environmentahter planning anananagement.

Management considerationgere identifiedfor eachMFE sukproject and general recommendations
are provided as follows

1 The LRM is an integrated floodplain riverine systeomplementary manageent actionsare
neededto achieveecosystem outcomes.

1 Environmental water managementhould consider appropriate scale g.g. river scale)
concordant with ecological process and life history of targeted biatalshould notbe limited
to the site or reach scale
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1 Flow delivery to facilitate arge scale @nnectivity (river or basin level) is importarior
maintaining a healthy and diverse rivéaintaining lateral connectivityis also criticabetween
the river main channel and productive affiannel wetland and floodplain habitats.

1 Returning a more natural flow regime that includes a mix of flooding; fovd mediumlevel
flows where various species and functional groupscan meet their specific lifaistory
requirements is suggestdd restore andmaintainaquaticecosysters of the LRM

1 Currently, environmental flows amelivered to the LRM typically toreate spring/summer flow
pulses aiming to increase flow variability and achieve ecological outcomes. \Aditlainnel
flows (e.g. 15,00950,000 MLday") could be restored within the current constraints of system
operation.

1 In contrast, 8ing engineeringo mimic natural floods is more challengingnd has clear
limitations as manipulated flood evendse unlikelyto 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 flom the ecology of the LRM)goinginvestigatiors during
various flow scenarioare required.The MFE project has improved our conceptual understanding of
flow-related ecology in LRMvhichcan be used to gde 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 @20ibestigate ecological responsts

an overbank flowin the lower River Murray, Southustralia(SA) Funded predominantly by the Goyder
Institute for Water Research, researgias 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.

Murray¢Darling Basin and lower River Murray

The Murray,Darling Basin (MDB) is a large, regulated drainage system that covers an area of more than
1 million kn? of south-eastern Australiand supports a diverse range of flqrish, waterbirds, reptiles,
amphibiangsmammalsand macroinvertebrate@MDBA 2014)The MDB is comprised of numerous rivers
and catchments including thBarling ¢2,800 km long)Murray 2,300 kmlong) and Murrumbidgee
(~1,600 km long) riversThe River Murrajlows along the NS ictoria border intoSAand discharges

into the Southern Ocean.

TheWt 2 Bi@MMurraflLRM) is classiéid as the reach of the River Murray downstream of the Darling
Riverjunction, differentiated by hydraulic, hydrologic and geomorphic propertidalker 2008. This

MFE project focuses on the Séction of theLRM as most projects were confinaithin the SA border

CNRY KSNBAYI G(GKS W[ waQ theRiverwithi® SARBIFshetifeRThe IRMsi KS a S C
an area othigh economic, social, cultural and ecological significaihdg.the major source alomestic

drinking water for theSApopulation and an important supply of water for irrigatadriculture Within

the LRMthree sitesare listed as wetlands of international importanagnder the RamsarConvention

OWGiKS wWOBWNNRORQ{ G A2y yRSMIKSR //22WBySIEQG yR [ 1S
I £ 6)Sanddlhe@e asMurraycDarling Basin Authority IcdhA 0 S& 0 W/ K 2 gthefRivdr Muray2 2 R LI |
Channel | yR WiKS / 22NRy3 | yR (MDBA 254, which BakelbgeR iNdntified | y R !
as areas of high ecological importandée LRM can be divided into four distinct geomorphic regions

the floodplain, gorge, swamplands and lak&sg(rel). Within SA, he floodplain geomorphicregion

extends fromthe SANSW borderto Overland Corner and is characteriseglan extensivelloodplain

(up to 10kmwide) anda complex network c&nabranch systems. The gorgeomorphicregion extends

from Overland Corner dovatreamto Mannum and is characterised ertical limestone cliffs and a

relatively narrow floodplain(l 2 km wide), with largepermanent wetlands. The swamplands region
comprises the reach between Mannum and Wellington, whiclis characterised byreclaimed
swamplands used for agriculturgrimarily dairy) The lakes region begins at Wellington and is
comprisel of two large, shallow freshwater lakes: Lake Alexandrina and Lake Albert. The river enters the

top of Lake Alexandrina, the larger of the takes with water flowing into Lake Albert from Lake
Alexandrina through a narrow channel.eTMurray estuary and Coorong receive water through a series

of channels that drain from Lake Alexandr{®dillips and Muller 2006)
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Figurel. The lower River Murray, South Australia showing four geomorphic regions antbsks andweirs.

Hydrology

The LRM is highly regulated by upstream diversionsaansdries ofow-level (~3 m) weirs that were
constructed during the 1920s antb30s for the purpose ofirrigation and navigation (Walker 2001).
Additionally, a series oftidal barrageswere constructedbetween Lake Alexandrina and the Murray
estuary to prevent saltwater intrusiorRiver regulatiorand water abstractiorhave altered the natural
flow regime of the LRMdramatically reducing flow volumes and hydrological varial{iiitgheshvari et

al. 1995).Postregulation only~40% (4915 GL) of th@atural mean annual discharge (320 GL) of the
River Murray Basinreachesthe Southern Ocean (Walker 2008)nder lowflow conditions which
predominate,the LRM isiow characterised bgeries of lentiaveir 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
>100,000ML day" experienced in 1981, 1990, 93 Figure 2). Between 1997 and 2009, the MDB
experienced its most severe drought on record (Lebktrad. 2012) characterised blow, stablewithin-
channel flows rhostly <15,000 ML da$) after 2001in the LRM(Figure2). Concurrently water levels
downstream of Lock 1 (including lakes Alexandrina andrilbl below sea levah 2008 br the first
time in recorded history(MDBA 204). Consequently, floodplain and fringing wetlands became
disconnected andlesiccatedNicol 20D), and large areas of acid suijth soils were exposed in lower
reachesof the Murray and in the lakegSimpsoret al.2010).

In midlate 2010 above average rainfalls throughotlte uppercatchment of the MDB caused
widespread flooding in the LRNHow over the SA bordebegan toincreasein September 201@&nd
peaked at93,872 ML dayin February 2011Fjgure2). Overbank flowswhich occur at discharges of
>35,00050,000 ML dayin the LRM depending on locatiomecurred fromNovember 201@o February
2011 lLarge areas of floodplainvere inundated(Nicol et al. 2013; Doodyet al. 2014, temporarily
restoring lateral connectivity and potentially provity a source of nutrients and other external inputs
into the river (Robertsonet al. 1999. Flows of this magnitude, and subsequent removal of the weirs,
restore the loticnature of the LRM (Walker 2006
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Knowledge gaps and aim

The main channel of the River Murray is recognised by the MDBAigaificantecological asset to be
targetedby environmental flowdDEWNR 20)3Despite this, the environmental water requirements of

the LRM andlow-ecology relationships in thiggionare not well understood. To achieve the greatest
ecological benefits from available environmental water in the River Murray, it is important to
understand ecological responseso different flow scenariosincluding flood Significantecological
research and monitoring has occurred in the LRM in the past decade, predominantly investigated under
low-flow conditionsduring drought The2010/11flood provided a unique opportunity to investigate the
influenceof increased flow on the ecology and resilieraf the ecosystem.

The overall aim of the MFE project was to investigate the response oédasystemcomponents to
flooding in the LRM following several years of extreme drought. The project also aimed to test several
hypotheses(Table 1). These hypothesesilvaid in the development o& framework and models for
assessing the ecological response of the system to various flow evenfgandefuture management

tools for the systenfe.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 fl&gure 3). This conceptual understanding
formed the kase design of the MFE project. Connectitwetween the floodplains, wetlands and the
main river channel are poorly understood, desp#igpportingimportant ecological components and
underpinningimportant functons during periods of high flow. Therefotéis project involvedstudies

that targeted the main channglvetlandsand floodplain.Both abiotic (water quality and nutrients) and
biotic (primay productivity, plants and fish) responses to flooding were investigated.

Ecosystem
Processes

A Water quality

A External inputs (C, N, P)
A Primary productivity

A Bank recharge

A Groundwater processes

&

Management Ecosystem %
& Climate Drivers :> Key Species or Awat er
Scenarios (Flow Regime) Ecosystem $ el : Benefit
Components ER Model
A Magnitude, timing, A Plants A Aprecursor to
duration & frequency A Invertebrates more sophisticated ERM
A Hydrology/hydraulic A Fish A Decision support &
A Connectivity management tools
) A Microbes
A Inundation area

Figure3. Gnceptual representation of ecological components that can be influenced by changing flow for the
lower River Murray.C=carbon, N=nitrogen, P=phosphorus, ERGsystenresponse, ERM =ecosystem
responsemodel.
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The MFE project included a numbersof-projectsdesigned to investigate key ecological responses to
flow (Tablel). Dataand knowledge developed from these studies were thead to create a
conceptual modebf the response of th& RMto flooding.

This synthesis report providebackground on the MFEollaborative studypresens a summary of the
key findings of each syroject and provides general recommendations for flow management to
achieve environmental outcomes in the LRMore detailed information (e.g. methodology, statistics
etc.) for subprojects are available in Goyder techniaaports orjournal publications ofresearchsub
projects (seeTable 1). Inthis report, the findings from each researcub-project are presentedinder
three mainthemes effects of flooding on 1) nutrients, primary production and metaboli§ett{on
two); 2) fish ecologySection three) and 3) aquatic anfloodplainvegetation Gction four) (Table 1).
The conceptual model that was created based on findings fransub-projectsfollows inSection five.
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Table 1. Murray Flood EcologyMFE)sub-projectsand hypothesefjuestions being addressed

Murray Flood Ecology Synthesis Report

Main theme

Subproject title

Hypothesis/Question

Publication

Nutrients,
primary
production and
metabolic
activity

The influence of flow oabiotic 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 compositionGyanophytaand green

algae to diatoms.

Aldridgeet
al. (2012)

Flow induced alterations in total river
metabolism and changes in component

contributions.

An increase in flowvill increase the proportion of organic material (food) coming from external sources ar
decrease the proportion from in channel primary productivity (phytoplankton and macrophytes), thus re
balancing the form of food energy availabéesupport 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 fbmed spawners in the main channel of
the LRM while conditions may not be optimal for Ieflow spawner and circannual spawner species.
Applicability of the flow related spawning/teuitment models will be tested by comparing the current fish
spawning response to spawning during a within channel flow pulse and threfidevyears.

Cheshireet
al. (2012)

Effects of flooding on recitment and
abundance of goldengrch in theLRM

Alarge withinchannel flow/flooding event (30,0@90,000 ML da'§7) will provide the hydrological and
hydraulic conditions to facilitate the recruitment of golden perch in M.

Zampatti and
Leigh
(2013b)

Movement and mortality of Murray cod
during overbank flows in theRM

A large withinchannel flow/flooding event will promote largecale exploratory movements of Murray cod
and the potential establishment of new home ranges.

Leigh and
Zampatti
(2013)

Flow induced alterations to aquatic
macrophytecommunitiesand fish
assemblages in the River Murray chann

Increases in water velocity will decrease the cover of aquatic macrophytes & irestructure fish
assemblages by decreasing the abundanageoferalist/wetland species in the main channel of the River

Murray.

Biceet al.
(2014)

What is theresponseof wetland fish
assemblages followiniipoding?

Theresponseof fish communities in wetlands following flooding will be influenced by the resilience of fish
species; thereforepost-flood communities may not immediately reflect parying 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 pla
communities domstream of Lock in the

River Murray.

Aquatic plant communities in the River Murray (including Lower Lakes) are resilient. Plant communities
to those observed pr&007 will recruit in response to the current flow events (using the River Murray
downstream of Lock 1 as a model ecosystem).

Nicolet 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 riparia
zones. This will have a positive impact on the health of river red dgbntalyptus camaldulenis those

Zones.

Doodyet al.
(2014)

Floodplain response and recovery:
comparison between natural and artificie

floods.

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

floods.

Hollandet al.
(2013)

Conceptual
rivergecosystem
model

Conceptual riverecosystem model.

To develop a preliminary conceptual model for the ecological responses measured_Ras a precursor
to more sophisticated river management tools.

Lesteret al.
(2019
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Hfects of flooding on mitrients, primary production and metabolic
activity

Flows in rivers transport nutrients, organic matter and food resources andaakey driver of
productivity in aquatic systems (Padt al. 1997). These inputs can be from an dilihonous source
(external supply from terrestrial origin) or an autochthonous source (internal supply from primary
production by aquatic autotrophs) (Vannoge al. 1980). For a highly regulated arid/searid river such

as theLRM autochthonous energy sourcesofn the main river channel are the main contributor of
energy Qliver and Merrick 2006; Oliver and Lorenz 20l8owever, overbank flooding events and
associated inundation of floodplairtan 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(Robertsonet al. 1999). The frequency, duration and magnitude of droughts and floods
can therefore shape river ecosystems, through lasgale changes ianergy sourcesKey findings by
Aldridgeet al. (2012) and Oliver and Lorenz ()Xor the changes in water quality, nutrients, primary
production and metabolic activity from loflow to highflow/flood conditions are presented below.

Nutrients and phytoplankton communities

Aldridge et al. (2012) investigated changes in nutrient and phytoplankton communities inRilkrer
Murray, primarily from low-flow (200809) to highflow (2010 11) conditionsThis study was conducted
from Lock YseeAldridgeet al. (2012) for map}o Tailem Bendwhich included the swamplands, gorge
and floodplain geomorphic regions of the LRMg(rel). Changes in salinitglissolved organic carbon
(DOC) and dissolved oxygen (DO) were also exam8esl Aldridgeet 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 {daw period, likely a result of low inputs
from upstream areas and retention due to sedimentation of organic and inorganic material.
Concurrently, Cyanophyta (cyanobacteria) dominatdtie phytoplankton community in the LRM
(<10,000 ML da$) (Figured). Salinity and DOC concentrations were relatively constant durintpthe

flow period for most sites except the Disng River, where DOC and salinity were high in 2003 and 2007.
Whilst elevatedlevels ofnutrients, DOC concentrations, salinity and Cyanophyaamapaena were
observed in the Darling River durittge low-flow period, these appeared to haveminor influences on
downstreamsites in theLRM due tothe large dilution of Darlinfows. During the lowillow period high
electrical conductivities (3 n n /cn® {were observed in the river below Lock 1. These elevated
salinities appeared to originate from Lake Alexandrina, resulting freapotranspiratiorand seawater
intrusionsinto the lake andsubsequentvind driven transport upstream

The highflow period resulted in the mobilisation of nutrients from the basiFhe 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 vaésba source of total phodporus and total nitrogen,
presumably through mobilisation from the floodplain (allochthonous souacel) possibly from internal
sources such as sediment resuspensidhe phytoplankton communitybecame dominated by
diatoms/Bacillariophyceae (e.g. centrimtbm, Aulacoseirain place of Cyanophyt@rigure4; Figureb).
Dissolved atrient concentrations fell rapidly after peak flows, whereas phytoplankton biomass further
increased after the flow peak passdelqure4). Chlorophyta were moderately abundant at all flows, but
increased duringhe high-flow period. During the higHlow period heterotrophic productivity was also
stimulated through mobilisatiolf organic carbon from the basin, largely from upstream sources. DOC
concentrations were typically below 10 mg until the beginning of the higllow period (20 mg 1), as
floodplain and terrestrialhderived organic carbon entered the river. This tguifthe river from a net
autotrophic system to a net heterotrophic system.
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Figure4. Changes in physb-chemical conditions and phytoplankton communities at MorgdRigure 1) South
Australia during the lowflow (June 2008 tcAugust 2009) and higfiow 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 (NOXx), total Kjeldahl nitrogen (TKN), totadgen (TN), filterable

reactive phosphorus (FRP), total phosphorus (TP), chlorophyll a#Hilica (Si), and selected phytoplankton
groups.
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Figureb. Changes in phytoplankton communities at MorgéRigure 1) SouthAustralia during the low flow (June
2008 to August 2009) and higifiow period (June 2010 to August 2011). Shown are dominant genera and groups
from diatoms @), Cyanophytalf) and Chlorophytad).

It was clear that both lowilow and highflow periods preset different water quality risksExtended

periods oflow flow increase the risk a$alinisation, hypoxia and Cyanophyta blooamsl the provision

of dilution flowsto the LRM is requiredo minimise these risksSuch conditionslso result in the
accumulaion of carbon on the floodplainjncreasing the potential forhypoxic conditions(i.e.

Wwo f I O1 uponirdrdddation. Reducing the interval between floodplain inundation events may
reduce the risk of hypogievents Furthermore, givenCyanophyta tend todominate at low flows,
FE22RLI IAY AydzyRFGA2Yy aKz2dzZ R FO002YLIl ye& WKAIK TFf
increased nutrient loads following inundation and thus the risk of nuisance blooms would increase.
Cyanophyta are often nepreferred food sarrces for zooplanktonvhereasdiatoms are considered to

be of high nutritional alue for higher trophic level€®?rovisions of water to the floodplain should be
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complemented with river flow rates that favour a phytoplankton community dominated by diatoms,
particularly during periods of warm, calm conditiofifiese provisions would have environmental, social
and economic benefits.

Organic matter and metabolic actity

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 thaatic food webs. Environmental conditions
can influence river metabolism across a wide range of time scales fromdailybchanges in incident
irradiance to interannual variations in weather patterns. Less well recorded are the decadal changes in
respong to extreme environmental conditions such as droughts and floods.

Oliver and Lorenz (2@} measuredhe rates of photosynthesis the River Murray channel in response
to the 2010/11 flood. Estimates of production and respiration were based ozhdgyt changes in
oxygen concentration measured continuously oveZ3B4hour periodsin the river, and in plankton
incubation chambers. Estimates were obtained of gross primary production (GP), community respiration
(CR) and net ecosystem production (NP) for wiwle channel and for the plankton. The difference
between these two provides an estimate of the metabolism associated withptamktonic sources
Resultsfrom the highflow period were compared to measuremengreviouslyrecorded periodically
along the nain channel duringeriods of withinchannel, near bankull irrigation flows (19989 and
2006 07) and during therery lowflow period of thedrought (20®/09) (Oliver and Merrick 2006; Oliver
and Lorenz 2010)This provided the opportunityo investigatethe effects offlow conditions and
especiallyflooding on metabolisngFigure6).

Prior to the flood, the metabolic rates in th@®&h Australiansection of the River Murray were similar

to those measured upstream at other sites along the river. In flowing sectionsnéheprimary
productionrates were close to zero. This indicated that systems were largely driven by phytoplankton
photosynthesis adh the respiratory breakdown of phytoplankton cells. Metabolism was more variable in
weir poolsin the $uth Australian section of the river compared to upstream flowing river reaches
(Figure6; Figure7). Smalto moderatenegativenet primary productiorvalues were common indicating
that weir pool sites accumulated organic matatieither 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
avdlability of light. In addition, open wategross primary productiomvas larger than planktonic rates
suggesting an additional source of photosynthetic production, although the conditions within the river
channel were not supportive of photosyntheskgure6). A detailed analysis showed that enhanced
photosynthetic production occurred in the shallow waters on the floodplain and was associated with
significantincreases in phytoplankton biomass, indicated by chloroghythieasurements (MDBAJ o
river samples peaking at 85 mg?mEvidently phytoplankton growing in the flood waters made a
substantial contribution to the organic carbon load returning to the rirther analyses indicated
that in the $uth Australiansection of the RiveMurray, the two large floodplain areas of Chowilla and
Barmera were major sites for enhanced phytoplankton photosynthetic production, with little
contribution from other surrounthg floodplains igure8).
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Figure6. 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 19989 were only takeé from sites upstream of the &ith Australian section of the river.
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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 fronfrigure6.
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Figure8. Floodplain areas responsible for major metabolic activity observed in the river channel during the
201011 flood. Shown are theaurce 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 igpigation 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
nonglanktonicsources 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, oalternativelydue to a large, respiratory aetty 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 floodjlagse
appear to be major si® of oxygen depletion due toeterotrophic transformation obrganic material

into microbial biota whichin addition to theautotrophic phytoplankton production, furtheenhances

food supplies to the river. This interpretatioof floodplain heterotrophicactivity 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 thbservedprior 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 tHwod 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 witterflood waters by the
growth of photosynthetic micrarganisms. Both of these sources of organic material provide food for
heterotrophic micreorganisms through the microbial loop and through the classic food chain of
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