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Executive summary

The Coorongs considered to béhe most important waterbird wetland in the Murraarling Basinlt has
been degraded to the point where it is at risk of losing the key elements which make it such an iconic wetland
of local, national and international importance.

On top of a longerm decline in the condition of the site due to water extractions, the Coorong was
substantially damaged during the Millennium Drougl®everal characteristics of the Coorong have
undergone asubstantial andsustained changeMost notablythis has includé large reductions inthe
abundancesind some waterbirds, particularly fairy tern and migratory shorebiftiss is associated withée
prevalence of filamentous algathat is preventing aquatic plants from completing their difgcle and
interfering with the aility of waterbirds to feed on both plants and invertebrates in mudflats. The system is
now in a vulnerable state and may have little capacity to absorb continued and cumulative environmental
stress resulting from water extractions ankdanges irclimate.

al yI 3SNA Odz2NNByiGfe KFEZPS || ydzyoSNI 2F Wt SGSNEese | O A
includeRiver Murray environmental flow provisions, barrage operations, Murray Mouth dredgid@iows

from the SouthEast of South Australiddowever,managers havdéittle capacity toconfidentlyforecastthe

ecological responses due critical knowledge gaps. There is a risk that walntioned management could
exacerbate the vulnerability of the system and result in a permanent loss of some species. To address the
immediate threats tdhe South Lagoon and give managers the abifity tY | Yy A LJdzf | 6§ S G KS YI yI
available to them without causing lostgrm harm, a number of actions are recommendedhe short term.

Theseare in addition toenvironmental water recovery and successful implementation of the Murray

Darling Basin RIn, which have been well documented as critical for condition of the site.atlaitional

short-term actionsrecommended by th&xpert Panelare:

1. Protect and increase waterbird populations by creating nurseries for aquatic plants within the South
Lagoon ad increasng habitat and food resources in the broader landscape

The South Lagoon has been a higlality habitat for waterbirds because of the extensive mudflats and
presence of abundanand accessibléood sourcessuch as invertebrates(g. chironomidg, fish and
aquatic plants. Reduced inflows from the River Murray have led teogptimal water levels and water
guality and the loss of food sources for waterbirds. Consequently, waterbird aburglancearticular
shorebird abundancesave declined dranatically. It is hypothesised that the loss of aquatic plants and
degraded water quality allowed filamentous algae to thrive, further reducing the abundance of aquatic
plant and waterbird communities.

The establishment of plant nurseries throughout the Bouagoon of the Coorong is recommended to
build-up the populations and propagules that can be used to reseed larger areas of the South Lagoon.
This action will bind nutrients to help reduce nutrient availability for phytoplankton and filamentous
algae provide food resources fowaterbirdsincluding shorebirdsand will assist with the repopulation

of aquatic plants, particularlRuppia tuberosa

It is also recommended that new habitat areas for waterbirds should be created and protected in
adjacent areas such as theke Alexandrina, Lake Albert and the Seléist of South Australia.

2. Undertake trials to shift thesystem fromalgal dominated to agatic plant dominated

Without a shift from algae to aquatic plants, the South Lagoon cannot support the abundance of food
that makes this wetland productive for birds and fish. Furthermore, the presence of algae increases the
risk that the sediments becomenoxic, exacerbating the nutrient problem and increasing the bupld

of sulfidic materialswhich are also toxic. There is a poor understanding of how to shift the South Lagoon
back to a plant dominated system, and a lack of agreement within the satecifimunity on the best
approach. To overcome this lack of knowledge, we recommend the following-t&horttrials (not in

priority order):

A. Undertake a comprehensive survey of the distribution and abundanaguetic plantsand algae
across the South Lagn.
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B. Laboratory trials investigating the effects of nutrients (in water and sediment), salinity, turbidity and
temperature on the relative performance of algae and plants and nutrient cycling

C. Create physically isolated ponds along the South Lagoon ahtheiaffect of different salinities and
water levels on the plant/algal dominance based on the outcomes of the laboratory trials

D. Laboratory tests and trials within the South Lagoon to test approaches of lowering nutrient levels in
the water column suchsabubbling oxygen into the water and adding materials for binding nutrients.

E. Trial the effectiveness of mechanical removal of filamentous algae

F. Investigate the effectiveness of native filter feeders and bioturbators (especially molluscs) and aquatic
plants to reduce nutrients and turbidity in theke Alexandrina, Lake Albddorth Lagoon and Upper
South-East before the water reaches the South Lagoon

G. In the current 20189 season, manipulate flow, salinity and water levels in the South Lagoon to
favour pants over algae informed by hydrodynamic and habitat modelling.

3. Improve our knowledge on nutrient cycling and how to maximise nutrient turnover into productive
elements such as plants, invertebrates, fish and biraisd incorporate knowledge into aesponse
strategy

Once the immediate knowledge gaps have been addressed, there is a memtimnechallenge to shift

the system to being more aquatic plant dominated and less phytoplankton and filamentous algal
dominated.The shift from plants to algae onsideredo be partly due to and elevated nutrient levels

in the water column and sedimentShere is little understanding of the relative importance of nutrient
sources and sinks and the role of internal cycling. Furtieemthere is limited understanding of how
nutrients pass from primary producers to waterbirds, which is required to intbeikely responses to
different management actions. To address this, a coordinated program of research, planning and
investigationis required including the following

A. Undertake research on the nutrient sources and sinks, nutrient transport processes, biogeochemistry
and foodweb dynamics of the ecosystem.

B. Develop aesponse strategyo restore the ecological values of the Coortimgt incorporates new
knowledge on nutrient cycling and foodwebs

This program should also incorporate recommended action mportantly, hisshouldalsoinclude the
establishment ofan agreement with the MurrayDarling Basin Authority and Commonwealth
Environmental Water Holder to enable the delivery of environmental flows to the site until the end of
summer.

4. Undertake a climate change vulnerability assessment of the Coorong and implement climate
adaptation activities for the region

To retain ahigh abundance of waterbirds and fish in this internationally and nationally significant refuge
site, careful management will be requiréd address the impacts of climate change, including likely
temperature increases, rainfall and river flow decline, endrequent extreme climate event®.g.
droughts) and sedevel rise The following actionsre recommendedo support the ecosystem to adapt

to climate change over the lorgrm:

A. Undertake a climate change vulnerability assessment of the Coorong tdydshich components
of the ecosystem are most vulnerable to climate change and the adaptation that is required to
maintain ecological function and values of the site.

B. Implement management interventiorier the Cooronghrough the Ramsar Management Plém
ensure the ecological condition of the ecosystem is enhanced into the future.

Although out of scope, thExpertPanel also identified thapromoting the value of the Coorong as a national
treasure that supports waterbird communities across the continemidanternationally would be highly
valuable. This would facilitate the support of all Australians in the protection of this valuable habitat and
ensure that sufficient resources and water are provided to sustain the health of the Coorong.

To ensure thathe importantecological values of the site are not lostisirecommended that these actions
begin immediately.
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1 Context

The Coorong is widely regarded as a unique and important wetland that provides important ecological,
cultural, social and economic values at local, national and international scales. Along with Lake Alexandrina,
Lake Albert and the Murray Mouth (Figure 1), the Coorong was listed as a Ramsar wetland of International
Importance in 1985. This requires the G NI f ALy YR {2dziK ! dzZAGONJ f Al Y
ecological character of the site. There is considerable evidence to suggest that the ecological condition of the

/ 22NRy3 KFra 06SSy &aGSIFRAf&@ RSINI RAY3I daIYA yEONSR deHENRELISH
major disturbance causing a rapid decline in condition. Whilst the relatively recent increase in natural and
managed inflows to the Coorong have improved the condition of some ecological values, there is evidence
to suggest that other vaks have not recovered or have continued to decline, particularly those of the South
Lagoon.

Given this, theéSouth AustraliaMinister for Environment and Water and the South Australian Department
for Environment and Water sought the following scientififtormation from the Goyder Institute for Water
Research:

w Advice orthe statusof the ecological character tfie South Lagoon of the Coorong; and
w Recommended actions fdie ecological character of the South Lagoon of the Coarong
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Figurel. Map showing the Coorong, and Lakes Alexandrina and Albert Wetland, including the Murray Mouth and
Coorong North and South Lagoons.
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2 Approach

An Independent Expert Panel was established with expertise covering various ecological compotients of
South Lagoon of the Coorong: water quality, plants, algae, invertebrategniislhaterbirds.

A facilitated workshop was held ttiscusghe advice and recommendations. This workshop was facilitated
by the preparation of background material regardithg conceptual understanding of the South Lagoon
ecosystem and iteurrent condition(Appendix 1)

The draft report was circulated to a Peer Review Committee who also have extensive research experience
with the CoorongThe members were:

Professor Peter Fairweather (Flinders University)

Associate Professor Mike Geddes (The University of Adelaide)
DrMatt Gibbs (The University of Adelaige)

Dr Klaus Joehnk (CSIRO)

Dr Anupama Kumar (CSIRO

Dr Luke Mosley (University of Adelaipgajd

Dr Jason Nicol (SARDI).

Feedbackfrom the Peer Review Committe@as sought on whether the recommended actionsre
scientifically defensibtewhether there were any major risks to the recommended actiand any major
gaps in the recommended actianll comments were considered by tB&pertPanel and a final report was
prepared.

gegegegeeee

The information contained withithis report represents the outcomesf the overall approach. The final
recommendations are those where there was agreement amongst the Expert Panel and Peer Review
Committee. David Paton was not able to actively participate following the expert panel workiloto

being on sick leave and so the final recommendations may not necessarily represent his views entirely.

Additional workshop notes regarding critical risks and key knowledge gaps identified by the Expert Panel are
included in Appendix 2. Additiondata used to support the views of the Expert Panel iacudedin
Appendix 3.

3 Summary of the key issues identified by the
Expert Panel

¢KS /22NRy3Is +Ft2y3 gAGK [1S&a 't06SNIL FyR ' fSEIYRN
(Phillips andviuller, 2006). The site supports a high abundance and diversity of wetland fauna, particularly
waterbirds (Phillips and Muller, 2006). The Coorong isportant nonbreeding habitat for global migratory
shorebirds For someshorebirdspeciesthe Coorong has historically supported up to 20% of the global non
breeding population (Paton et al., 2009). During drought periods the Coorong is the most important refuge

for migratory and normigratory waterbirds across the MurrdyarlingBasinand hosed 90% of waterbirds

in the Basinduring theWlillennium DroughflKingsford and Porter, 2008).

This abundance and diversity of life is underpinned by a high diversity of wetland habitats. In the Coorong,
the typical salinity gradient (Figure 2) from therth (estuarinemarine) to the south (hypersaline) is a key
component that characterises the diversity of habitatsl biota across the syste(Raton et al., 2009).
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Figure2. Salinity levels in January along the Coorong fronD2Go 2015 Position along the Coorong is defined as
distance from the Murray Mouth, where negative values anerth-west of the Mouth and positive values arsouth-
east The junction of the North and South Lagoons (Parnka Point) is at kilometre 59.

The @orong has experienced major changes to its hydrology in the last few decades because of upstream
water extractiorsand prolonged dry periods (e.g. Millennium Drought). These changes have resulted in long
term declines in flow, which have changed thater levelsandthe quality of water within the South Lagoon.
Where historically aquatic plants dominated the South Lagoon, algae now dominate @Patdt018a). The

shift from plants to algae is speculated to be due to a combination of a reduced flodding mudflats in

late spring and early summer aimttreased nutrient availability

Ruppiatuberosa &8 G KS R2YAYlFYyd YIFIONRLKeGS Ay GKS {2dzZikK [ I
with a wide range of salinities (Brock, 1982). Elevated salin{t+65g/L) in the South Lagoon would limit
interference of algae oRuppia tuberos@atonet al.2017a) angrovidesideal habitat for chironomid larvae

and ostracods, which are particularly important food resources for shorebirds (Baawr2018a).

The reduction in extent of aquatic plants has led to a loss of habitat and food resources, particularly for
shorebirds, for which the seeds and turionsRiippia tuberosare thought to be an important source of
food (Patonet al.2015) The shifin dominance from aquatic plants to alghasreduced access tforaging
habitat forwaterbirds (Patoret al.2018a). While the decline in abundanceRafppia tuberosés thought to
be reasonably well understood, what is less well understood is théoektip between aquatic plants, algae,
and the interacting effects of salinity, temperature, water level, and particularly nusiehd restore key
ecological components and processes of the sitegtéer understandingf how to shift the system towarsl
anaquatic plandominated state is needed. Understanding of howrtaintain the invertebrate communities
that have been highly abundant food resourcesviaterbirds, and particularly international migratory birds
is also requiredThere is some disagreemt amongst scientists about th&alinity regimethat should be
maintained in the South Lagodo achieve the desired outcomeshis is an indication of uncertainity the
ecological response to different salinity regimes given the current condition dfitthand will be addressed
through the recommended actions.

Managers of thesite face novel challengdsr how to manage the site in the future. There is no precedent

for how to manage this site given thegh levels of algaehe unique salinity regimand physical nature of

the South Lagoon. The historic management regime aimed to maintain and improve key elements of the
system, but now must contend with how testorethe system to a more desirable state (i.e. more suitable
habitat for migratory shoreinds, extensiveRuppiabedsetcdy ( KI & & dzZLlJLI2 NG A GKS aAds
into the future. This requires thinking about tlsgstemas a whole, including inteelations with theLower
Lakes(Lake Alexandrina andake Albert) the Suth-East of South Australia (herein the Soutkast)

Recommended actions for restoring the ecological character of the South Lagoon of the Jo&rong



groundwater the Southern ©ean, rather than just managing individual elements (e.g. water level, salinity).
This may require using our availalbo@nagementéverLdifferently (e.g. River Murray environmental flow
provisions, barrage operations, Murray Mouth dredgirigws from the SoutkEast) or using different
Yevergdn the future. However, such a shift in strategy needs to be done prudently, both by understanding
the risk ofcurrent andfuture management options and by improving our understanding to reduce this risk.

4  What is thestatusof the ecological character of
the South Lagoon of th&€oorond

The South Lagooof the Coorongis a permanent waterbody that is connected to the North Lagoon by a
narrow channel at the northwest end near Parnka Point. Water levels vary seasonally byiayapely 0.9

m, being higher in winter and lower in summdihisresults in the seasonal exposure of extensive areas of
mudflats and limiting water exchange between thidorth and South Lagoons The site hasupported an
abundant and diverse waterbird commity across various life stages, which was the pringatgriafor the
aAridsSQa wlThiais afttibitddadoliehpyodsion of mudflat foraging habitat ameblatedislands that

are in proximity to fishas well as a diversity and abundance of meerates in the water column and
sediments.

A summary of the current condition of the South Lagoon ecosystatwaspreparedby the Expert Panel

is shown inTable 1. Based on thiaformation, it is the view of the Expert Panel that the key ecological
features that make this system unique and valuable are still in piactuding the northsouth salinity
gradient the large areas of mudfldtabitat,andthe species of plants, invertebrates, fish and birds. However,
the concentration, abundance ardistribution of many parameters and species have dramatically altered.
Because of all of thpressuregdescribed in the preceding sectigtiie system isiow in a vulnerable statelt

is the view of theExpertPanel that the South Lagoon now has little cgipato absorb continued and
cumulative environmental stress.

Tablel. Statusof the ecological characteof the South Lagooiicompared to status at the time of its Ramsar listing)

Component/value Details

Flow sources 1 Inflows fromthe River Murray hee declinedwhich has reduced freshening flows of water
into the CoorongThis hasesulted in a drop in water height across the mudflats in spring
which historically suppoetd expansiveareas of foraging habitat for wader

1 South-Eastflows arenow introducing fresher water at the high end of the salinity gradient

Salinity 1 Salinity in South Lagoon increased during the Millennium Drqumtiis now beginning to

recover to predrought levels (Figure 2).

1 A spatial and temporal salinity gradient exists within South Lagtypically increasing from
north to south(Figure 2). The salinity gradient supports diverse biota because there is a
diversityof habitats and food resources supported by different salinities.

1 The salinity gradient has been altered over the last 5 years (FigwithXreshwater inflows
from the South-Eastfreshering the southernmost part of the lagoacompared tolevels
duringthe Millennium Drought but are within historical ranges (Geddes and Bu®&4).

Water quality 1  High turbidity, caused by phytoplankton, particulate organic matter and suspended solic
reduces the productivity and reproduction of aquatic plaritarbidty is high in the South
Lagoon because of the high concentrations of organic material due to eutrophication.
Sediments may also be remaining suspended more in the water column because the de
of macrophytes is low.

4 | Recommended actions for restoring the ecological character of the South Lagoon of the Coorong



1  Water column mitrients wereelevatedduring theMillennium Drought (Appendi®) and
seem to be recovering to praérought levels (Appendi). The elevated levelsiayhave
contributed tobe the cause ofxcessive growth gihytoplankton and filamentous algae
Whilstmonitoring suggestwater column ¢vels are recovering to prarought levelghere is
limited understanding of role of sediments in providing additional sources of nutrients

Aguatic pants 1  While aquatic plants are still preserihey have showrimited recovery since 200®gae
now dominate the primary productivity of the South Lagoon, which has the potential to
prevent further recovery. When water levels recede, the algae form a dense mat that
excludes foraging shorebirds, and creates-mwygen conditions in sediments, killing
invertebrates and raising the risk tife build-up of sulfidic materia{Appendix3).

Waterkirds 1 The abundance of some shorebird species appear to be recovering from the major redc
during the Millennium DroughtNumbers ofshorebirdare below, and some well below, theil
long-term median abundances®me shorebird and other waterbird species (e.g. Curlew
Sandpiper) have not recovered since the drought broke (Paton, Paton and Bailey, 2018

1 Shorebirds are spending &Dof their time foraging, indicative of poor resource levels (Pat
et al, 2018b) with reduced numbers of chironomid larvae &uppia tuberosaeeds and
turions (Patoret al.2018b).

Fish 1 There has been améreased abundance of smatiouth hardyhead (&ey smaHlbodied prey
fish species) and a general increase in fish species diversity compared to that during thi
Millennium Drought (Ye et al. 2015).
1 There is adck of knowledge of variability in 198@&th the majority of research data
collected from 2006Commercial fishery data suggest a greater fish species diversity anc
abundance in late 1980s.

Macro-invertebrates  Since 2015, the South Lagoon has supportédoknthic macreinvertebrate species with

and foodwebs very few individua only (Dittmann et al. 2017). &low diversity and abundancaredue to
high salinities (>64 ppt), hypoxic conditions, hégldimentorganic matter and lovgediment
chlorophyll aconditions Dittmann et al. 2015; 203 Appendix 3. Total abundances and
diversity of macroinvertebrates are not considered the best indicator of food sources for
shorebirds as not all invertebrates are available to shorebirds.

1 Polychaetesvererecently detected near the southern end of the South Lagoon foritke f
time in 33 years buthese areunlikely to be accessible to shorebirds due to limited tidal
influence.

1 Greatest chironomid abundanégfound in junction of the North and Souttmgoonswhich is
correlated with higher salinities and higher abundanogbird species that feed on
chironomid larvae (e.ged-neckedstint, sharp-tailed sandpiper anded-neckedavocet).
Chironomid abundancesere much lower in 2018 than in previous years.

1 InJanuary 2018, thésh communitynear Salt Creekwitched frombeing dominated by
surface dwelling fiske.g.small-mouth hardyhead to bottom-dwelling fish(e.g. congolli).
Successful breeding of Faitgrnsrequirestheir primary food source (hardyheatt) be
abundantnear their traditional breeding islands in thewghern CoorongPatonet al.
2018b).

Recommended actions for restoring the ecological character of the South Lagoon of the Jo&rong



5 Recommended actions for restoring the
ecological character of th&outh Lagoon of the
Coorong

To estore the ecological character of thSouth Lagoon of th&€oorong management is required to
sequentially

1) avoid the permanent loss of ecological values of the South Lagoon of the Coorong;
2) restore the ecological values of the South Lagoon of the Coorong; and
3) create an ecosystem that maintains the ecological values under climate change.

Central to these actions is the restoration of aquatic plants and particuRulypia tuberosawhich is
considered critical to the functioningf the South Lagoon ecosystem due to its importance to waterbirds and
the maintenance of water quality (e.g. hidity, nutrients, dissolved oxygen).

Ultimately theExpert Panel agreed that the following hydrological and ecological conditions were required
to achieve these outcomes:

1 Manage a temporally dynamic salinity gradidrdm north to south in the South Laga without
having permanent, fixed bounds around these salinities.

1 Manage for high water levels in spriegrly summer to ensurBuppia tuberosaan complete its life
cycle and provide seeds and turions as food for shorebirds.

1 Reduce the abundance and wlibution of filamentous algae.

1 Changé#utrient pathway$irom algae back taquatic plants

To achieve these outcomasdaddress the immediate threats to South Lagoon and give managers the ability
G2 YIyALdz I GS §KS (e¥9.I RivieraMuiayeyivironmintsd #o8yNdEiodisions, barrage
operations, Murray Mouth dredgindlows from the SoutkEast)available to them without causing logrm

harm, thebelow actions are recommendebly the Expert Panelin the short term Theseare in addition to
environmental water recovery and successful implementation of the MurfBgrling Basin Planwhich

have been well documented as critical for condition of the site.

1. Protect and increase waterbird populations by creating nurseries fouatic plants within the South
Lagoon and increasg habitat and food resources in the broader landscape

A. Identify and maintain/restore priority sites for aquatic plants, particulBRiyppia tuberosa

The establishment of plant nurseries throughout the Sdusigoon of the Coorong is recommended to
build-up the populations and propagules that can be used to reseed larger areas of the South Lagoon.
This action will bind nutrientto reduce nutrient availability for phytoplankton and filamentoaigae

provide faod resources for waders and waterbirdsnd will assist with the rpopulation of aquatic

plants, particularlyRuppia tuberosaCreating and maintaining these nurseries will require active
management to reduce algae (see action 2 below) and potentiallyivay. While algal removal may be

an intensive process, the approach may be valuable for assisting the creation of suitable nursery areas
for aquatic plantsAny translocations of aquatic ples(including propagulesshould only occur if high

water levels can be secured through spring and water quality maintained within preferred ranges.

This actiorwill also allow for testing the potential for largscale interventions for restoration.

Scientific rationale:

9 Thedecrease in abundance and distribution aduatic plants from the South Lagoon is a
reductionof food and habitat fowaterbirds Patonet al. 20173.

9 It is the experience globally that a lack of aquatic plants in wetlands leads to high nutrient
availability which then encourages algal growfbollier et al. 2017)
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Aquatic plantaitilise nutrients as they grow and so reseeding areas okjlstem may also help
addresgeducing availablautrients.

Ruppia tuberosapopulations are currently unable to complete their ifgcles due to
competition with filamentous algad>@tonet al.20173.

B. Protect and create new waterbird habitat areas in adijat areas

This should eplore the potential of establishing higlalue habitat outside the Coorong arealiake
Alexandrina, Lake Albert and theugh-Eastto complement habitat for waterbirdsSteps to implement
this action include:

T

1

T
T

Establishing an inveéory of possible habitats in the Lower Lakes aBmith-East wetland
systems

Feasibility assessments of restoring existing habitats to create better conditions for highly valued
species at risk within the Coorong

Trials into the feasibility ofmanaging wetlands across the surrounding region to provide
complementary habitat for highlyaluedspecies at risk within the Coorong.

Managngadjacent wetlands in a coordinated manner to maximise feeding and breeding habitat
for domestic and migratory sinebirds and waterbirds.

These additional habitats need to be integrated with management of the South Lagoon to maximise the
ecological outcomes across the broader landscape.

Scientific rationale:

T

At the time of listing, the South Lagoon was a superb taalidor waterbirds because of the
extensive mudflats and high abundance of food sources such as invertebrate Chironomid larvae,
Ruppia tuberosaeeds and turions and smatiouth hardyhead fish (e.g. Rogers and Paton
2009).

The loss of food sources andfitifilty of maintaining appropriate water levels on the mudflats
due to reduced flows in the River Murray has contribugedlecline inabundance of some
waterbird species (Patoet al.2017b)

The wetlands of th&outh-East provideimportant habitats forwaterbirds €.g. Bachmann et al.
2016 andthe reduction in their extent and conditianayalso contribute to the declining habitat
and resources for waterbirds in this region.

Climate change impactge likely to have a significamffect on the South Lagooe.g.sea level

rise, lower flows, warmer water temperatur@)ester et al., 2013)
Conservatiorstrategiesrecommend spreading the risk of species survival by ensuring there are
multiple but connected habitats for individudls make use of if one area of habitat experiences

a strong disturbance event

2. Undertake trials to shift thesystemfrom algal dominated to aquatic plant dominated

Without a shift from algae to aquatic plants, the South Lagoon cannot support the abundance of food that

make this wetland productive fawaterbirds and fish. Furthermore, the presence of algae increases the

risk that the sediments become anoxic, exaceitgthe nutrient problem and increasing the builg of

sulfidic materialswhich are also toxic. There is a poor understanding of how to shift the South Lagoon

back to a plant dominated system, and a lack of agreement within the scientific communitg dresh

approach. To overcome this lack of knowledge, we recomntbadollowing shoriterm trials (not in

priority order)

A. Undertake a comprehensive survey of the distribution and abundanagquatic plantsand algae
across the South Lagoon.

B. Laboratory trals investigating the effects of nutrients (in water and sediment), salinity, turbidity and
temperature on the relative performance of algae and plants and nutrient cycling.

C. Create physically isolated ponds along the South Lagoon and trial the effé@é¢@d salinities and
water levels on the plant/algal dominance based on the outcomes of the laboratory trials.
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D. Laboratory test and trials within the South Lagoon to test approaches of lowering nutrient levels in
the water column such as bubbling oxygeto the water and adding materials for binding nutrients
(e.g. zeolitesa clay mineral with high surface area that binds nutrients). This should include isolating
bays in the South Lagoon with fences of sheldéh to keep filamentous algae from accuatirig.

E. Trial the effectiveness of mechanical removal of filamentous algae.

F. Investigate the effectiveness of native filter feeders and bioturbators (especially molluscs) and aquatic
plants to reduce nutrients and turbidity in the Lower Lakes, North LagodriJaperSouth-East
before the water reaches the South Lagoon.

G. In the current 20189 season, manipulate flow, salinity and water levels in the South Lagoon to
favour plants over algae. The best strategy to do this should be informed by hydrodynamic and
habitat modelling. This may include the use of environmental water to support barrage releases in
summer to maintain high water levels in the South Lagoon to enable aquatic plants to complete their
lifecycle. This should include monitoring the response fulptions, the chemistry of the water,
conditions in the sediments and impacts on fish, invertebrates and birds.

Scientific rationale:

I Seescientific rationale foaction1B.

1 The presence of algae increases the risk that the sediments become an@derbating the
nutrient problem and ncreasng the risk of buildup of sulfides which are toxic at high
concentrations.

1 There is a poor understanding of how to shift from algal dominated to plant dominated in this
particularsite, but reducing nutrientoads is highly likely to be an important step.

1 Whilst preferred salinity and water levels fRuppia tuberosand filamentous algae have been
identified (Appendixi; Collieret al. 2017), there is little knowledge regarding the combined
effects of salirty, water leveland nutrientson the interactions betweemRuppia tuberosand
filamentous algae.

9 Without a shift of from algae to aquatic plant dominance, the South Lagoon cannot support the
abundance of food that makes this wetland so productive formetio an ecological state that
provides abundant food resources to birds and fish (Patoal.2017hb).

3. Improve our knowledge on nutrient cycling and how to maximise nutrient turnover into productive
elements such as plants, invertebrates, fish and birdsd incorporate knowledge into aesponse
strategy.

A. Undertake research on the nutrient sources and sinks, nutrient transport processes, biogeochemistry
and food web dynamics of the ecosystem.

Once the immediat&nowledge gaps and actiohave been addrssed, there is a mediuterm challenge

to shift the system to being more aquatic plant dominated and less phytoplankton and filamentous algal
dominated. The shift from plants to algaecnsideredo be partly due to and elevated nutrient levels in

the water column and sediments. There is little understanding of the relative importance of nutrient
sources and sinks and the role of internal cycligrthermore, there is limited understanding of how
nutrients pass from primary producers to waterbirds, whis required to inform likely responses to
different management actions. To address this, a coordinated program of research, planning and
investigation is required, that also incorporates the actions in recommendation two

To inform managemerdecisions regarding the implications of various management actions, knowledge
is needed to:

1 Undertake a comprehensive sediment quality survey to assess distribution of key parameters
(e.g. organic carbon, nutrients, sulfides, redox potential, contaminaits) whole of system
scale
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I Understand the mass balance of nutrients flowing into and out of the Coorong with
consideration of River Murray inflonSyuth-East Flows, Murray Mouth openness, groundwater
inflows,andresuspension dynamics due to wind actamd legacy nutrients in the sediments.

1 Understand the internal biogeochemistry under different salinity and water legatitions,
and different benthic communities.

1 Understand the seasonal changes in nutrient, salinity and water levels required to shstain
critical Coorondoodweb of plants, invertebrates, fish and birds.

T 1aadSaa GKS LRGSYGAlIt (2 TFTtdaK ydzZiNKRSyda FTNRY

This research should result in coupled hydrodynamic, geomorphic, ecological and biogeochemical
models for the Lower Lakes, Coorong and Usperth-East.

Scientific rationale:

1 The excessive growth of filamentous algae indicates excessive nuaieitabiliyy in the
Coorong

91 It is likely that the sediments are a significant source of nutrients supporting this excessive
growth but there islittle research to support this. Furthermore, there is little knowledge
available to support management decisions regagdihe relative contributions of the River
Murray, South-East flows, wind induced resuspension, groundwater and the Southern Ocean to
the nutrient loads and the internal storage.

1 Interactions between salinity, water levels and nutrients are the key drioktee ecosystem
(Appendix 1)but the interactive effect of these parameters is unknown and there is little specific
knowledge to guide management.

1 There is a buildip of organic matter and sulfide (black oozes) and anoxia in sediment due to
eutrophicaion and a lack of bioturbation due to the extreme levels of salinity that were
experiencedduring the drought (Dittmann et al2016).In the absence of oxygenutrients are
released at higher rates from the sediment to the water where they can promgtd growth
The algae eventually die and sink and are broken down in the sediment which consumes oxygen,
the cycle continues and is hard to break without active intervention.

1 Depending upon the prevailing salinity, the abundance and diversity of invetéebra
communities at the base of the foodweb will change. Understanding how a change in salinity
may affect the food resources available for the migratory waders is a key step in determining
the variable salinity gradient necessary to satisfy a range of giwalloobjectives. Bioturbation
by larger invertebrates (e.g. worms, molluscs) can also help to oxygenate the sediment and
promote the storage of nutrients and other contaminants within sediments. Understanding the
influence of salinity on bioturbation i;xdmportant component of understanding nutrient fluxes
from sediments

B. Develop aesponse strategyo restore the ecological values of the Coorong that incorporates new
knowledge on nutrient cycling and foodwebs

Theresponse strategghould guide therestoration, management and maintenance of the ecological
character and wise use of the sitk. should outline the management actions required to achieve
ecologicatargets and avoid management triggers and limits of acceptable ch@hgessponse stratgy
should beimplemented as part of th& A ( S Q aRarNsBrdariadgeiRent Plamd consider the current
conditions, actionsecommendtions almve and be adaptive to consider forecasted climatic conditions
(informed byrecommendatiord below). For exampleit should consider:

1 Operations ofmanagementiévergior managing appropriate salinity, nutrient and water leyels
to support ecological values, includirige re-population of Ruppia tuberosdrom nursery
habitats that are actively managed in bays along $outh Lagoan

1 Theoptimal water level and salinitggime onceRuppia tuberospopulations arge-established
with consideration to the appropriate timing and volumeSiuth-East flows
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1 Mechanisms for nimimisng rutrient levels innflows from theRiver Murrayand South-East (e.g.
catchment/farm management activities, passing water through wetlands before it reaches the
Coorong to enable uptake of bioavailable nutrients)

1 Murray Mouth dredging regime, including the potential torie&se or decrease dredging activity
to increase water levels within the South Lagoon.

The response strategghould include:

I The management goals and objectives agreed for the site;

1 The suite of activities underway and planned to meet these objectivehifwin adaptive
management frameworkjand

1 Arrangemensfor the measurement and monitoringnd evaluatiorof progress.

Importantly, this should include the establishmenrt an agreement with the MurrayDarling Basin
Authority and Commonwealth EnvironmentalVater Holder toenable the delivery ofenvironmental
flows to the site until the end of summer Appropriate water levels arttie salinity gradient in the South
Lagoon of the Coorong are required to allow successful reproducti®uppia tuberosand estélish
resilient populations. This is currently limited by an inability to deliver environmental flows to the region
in summer.

Scientific rationale:

1 See scientific rationale for recommendations 1A and 1B.

4. Undertake a climate change vulnerability assessment of the Coorong and implement climate
adaptation activities for the region.

To retain a high abundanand diversityof waterbirds and fish in this internationally and nationally
significant refuge sitegareful management will be requirdd address the impacts of climate change,
including likely temperature increases, rainfall and river flow decline, more frequent extreme climate
events €.g. droughts) and sea level ris&he following actionsare recomnended to support the
ecosystem to adapt to climate change over the loaign:

A. Undertake a climate change vulnerability assessment of the Coorong to identify which components
of the ecosystem are most vulnerable to climate change andattaptation that is required to
maintain ecological function and values of the site.

Scientific rationale:

1 Climate change is considered a major risk to the site due to potential impacts of reduced inflow,
sea level rise and increased temperatures, which larewn to be important drivers of the
ecosystem.

1 Climate change will likely have multiple compounding impacts, but these impacts are unknown.

T  Whilst some modelling of potential changes in the ecosystem state of the Coorong has been
undertaken (Lester etla2011, 13, there remain many criticdnowledgegaps with no action
plan in place to manage key risks.

1 Without action, aljacent waterbird habitat is likely to be reducednder climate change,
increasing the importance of the Coorong as a major feedimtjbreeding habitat

B. Implement management interventions for the Coordhgpugh the Ramsar Management Plém
ensure the ecological condition of the ecosystem is enhanced into the future.

Using the evaluation of previous actions, undertakeasibility assessment of larger scale interventions
in the South Lagoon of the Coorong, including but not limited to:

9 Large scale reseeding of aquatic plants, removal of filamentous algae and nutrient reduction
strategies to reduce nutrient availability

10 | Recommended actions for restoring the ecological character of the South Lagoon of the Coorong



1 The creation and management of additional wetland habitats for managing-risigh
components of the Coorong ecosystem

 Structureg LJdzY LJa 2 NJ 2 (i K S Ndo ¥eguiste Sabth Sagoon salibite e dndaer
levels so that there is foraging habitat foigratory shorebirds and so thatjuaticplants remain
inundated when they are reproducing.

Scientific rationale:

1 See scientific rationale factions1A 1Band 4

Although out of scopghe ExpertPanel also identified thapromoting the value othe Coorong as a national
treasure that supportswaterbird communities across theontinent and internationally would be highly
valuable. This would facilitate the support of all Australians in the protection of this valuable habitat and
ensure that suffient resources and water to sustain the health of the Coorong.

To ensure thaimportantecological values of the site are not lost, it is recommended that these actions begin
immediately.
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Appendix 1. Conceptualdescription of the South
Lagoon of theCoorong

BACKGROUND

Ramsar Listing of the Coorong, and Lakes Alexandrina and Albearnid/etl

The Coorong, and Lakes Alexandrina and Albert wetland was designated a wetland of international
importance under the Ramsar Convention in 1985. The Ramsar Convention covers all aspects of wetland
conservation and wise use, and recognises wetlands asystems that are extremely important for
biodiversity conservation and for the wellbeing of human communities.

At the time of listing, the site was in a state of decline from the impacts of extensive water extraction from
the MurraycDarling Basin sincéé late 1800s and the installation of barrages to separate the lakes from the
estuary in the 1930s. Extracting high volumes of water for human use has reduced end of River Murray
system flows

From late 1996 to mi2010 much of southern Australia, includinhe Coorong region, experienced a
prolonged period of dry conditions (known as the Millennium Drought). This, combined with the early
AYLI OGa 2F OftAYIGS OKIFIy3aSz I RRSR G2 G4KS airidisSqoa SO
The current Ecological Character Description (ECBljsped in 2006 (Phillipsnd Muller, 2006), indicated

that the site had been undergoing ecological decline for a considerable period prior to listing, and that this
ecological decline has been accelerated and exacerbated by unsustainable water exti@etibadMurray

Darling Basin). Despite these declines, the site continued to meet eight of the nine Ramsar criteria for listing

at the time.

Following the completion of the 2006 ECD the South Australian Government advised the Australian
Government that tle site had undergone a change in ecological character. Subsequently, a notification of a
OKIyaS Ay OKIFNIOGSNI gla YIRS (2 GKS wkYal NI { SONB
Administrative Authority.

It was broadly assumed in 2009/10 ttihe site was adversely affected, severely by the Millennium Drought

and preceding development in the Murrdarling Basin. The majority of experts and community expected

that the Coorong and Lakes ecology and its ecological character was permanendg.alth this in mind,

'y dzLJRIFGSR RSAONARLIIAZ2Y 2F GKS aAraiaSqQa SO2t23A0Ft O
experts to identify the critical components, processes and services, an assessment and substantiation of
changes to theharacter since Ramsar listing.

DISCUSSION

Highlevel description of the character of the South Lagoon ecosystem

The Coorong South Lagoon is a permanent waterbody that is connected to the North Lagoon by a narrow
channel at the northwest end. Water levelary seasonally by approximately 0.9 m, being higher in winter
and lower in summer, resulting in the seasonal exposure of extensive areas of mudflats. The provision of
mudflat foraging habitat and island breeding refuges (in proximity to fish prey) hgppoged an abundant

YR RAGSNES 6 GSNDANR O2YYdzyAdGe& I ONR&aa @I NA2dza f A
initial Ramsar listing.

Table 1 below provides a higével description of the historical character and current charadiessTable

2 provides a more detailed description of the character of the South Lagodrchanges sindde 1980s

(where possible). Recent data and expert opinindicate that many of the characteristics of the South
Lagoon are returning to a state, lewvel morelike those prior to the Millennium Drought (e.g. Ye et(@D15),

h Q/ 2 2913 Ndliver et al(2015, Paton et al(20153, Paton et al(2017a and h Table 3). However,
several characteristics have undergone a sustained change, most notably changes in the submergent
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halophyte vegetation, Coorong foodweb, and some waterbingirticularly fairy tern and migratory
shorebirds, including curlew sandpip@ér Q/ 2 Y2013 NRhton et al(201%), Paton et al(2017aand b)).
These changes demonstrate that some characteristics of the South Lagoon have undergdéesvarerline
and are not representative of levels at the time of listing.

It is uncertain how esilient the system will be to future impacts from climate change and huimdunced
change Whilst the site is still recovering, some of the ecological character may not return to the state prior
to the Millennium Drought.

Table2. Description of the historical (1980s) and current characteristics of the South Lagoon.

Historical characteristics (1980s) Current characteristics
Fish 1 Lack of knowledge of variability in 1980s, 1 Smallmouthed hardyhead is the dominant species.
majority of research data collected from 2006. Increased distribution, abundance and recruitment
1 Commercial fishery data suggested at least 17 was observed pogirought compared to mi€2000s
fish species present in the South Lagoon from (Ye etal. 2012)
mid to late ©80s 1 Atleast ten other native species also occur in the
1 Large numbers of smallmouthed hardyhead lagoon (Yeteal.,, 2015; L&C commercial fishery data

were present irthe mid-1980s (Geddes 1987) | 1  Greater fish diversity observed from 202014
compared to drought years (e.g. 262607) (Ye et al.
2015)

Vegetation 1 Submergent halophytes affected by droughtin| §  Submergent halophyte diversity has declined: now
early 1980s but recovered to BBS E (1 Sy & A dominated byR. tuberosandLepilaengCollieret al.
G§KS YAR mMpynQad oDSRRS 2017)

1987) 1 Recent increases in distribution & abundancérof

1 Dominant species includés. tuberosaand tuberosa(Paton et al.2017a)
Lamprothamnium papulosumiiso present were| §  R. tuberosas limited by inadequate seed bank and
R. megacarpgand Leilaena cylindridg.ester et presence of filamentous green algae, which disrupt
al. 2013) reproduction (Paton et al. 2017a)

1  Presence of hypersaline lagoon community
characterised byL. papulosunwvas included on
the initial Ramsalisting

Waterbirds 9 21 regularly supported specigs Q/ 2y Y 3N T Hm NBIdzZ I NI & & dzLJLJ2 N9) Bafn

1 Limited breeding data for 3 tern species and et al, 2017b)
L dz& G NI £ ALy LISt A2018,yatanh| § Improvement in the size and success of breeding
2003) events for terns and Australian pelican palsbught
M 1985 survey counted >150,000 birds (Patol (Patonand Paton 2016)
Rogers 2009) 1 Post drought counts ranged from 28,008,000

1 1980s shorebird surveys indicated consistently| 0hQ/ 2yy 2Nl Hn R4S 2016 2087ty S
KAJK ydzYoSNBR 2F AYRAQGY Some speci particularly migratory shorebirds, hav
2015) experienced significant declines since the 1980s
(Paton et al. 2009)

1  Fairy tern & curlew sandpiper occur at ~15% and <
of their 1980s populations respectively (DEWRa
unpublished)

Physical 1 Diversityof wetland types that provided mudflatl §  Diversity of wetland types continues to be provided
habitat habitat for shorebird foraging, island breeding (DEWNR unpublished)
refuges and fringing vegetation for roosting 1 Islands continue to prage waterbird breeding
(Phillipsand Muller 2006) habitat (Patorend Paton 2016)

1 Recent high flow conditions (204 and 2016L7)
limited available mudflat habitat for waterbird
foraging (PatorandBailey 2011, Paton et al. 2017b)

1 Widespread filamentous green algae wdserved,
eliminating habitat and access to food for shorebird
in some areas (Paton et al. 2017b)
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Historical characteristics (1980s)

Current characteristics

Water quality

9  Salinity varied widely from 40ppt to >1@@t in
the early 1980s (GeddesdButler 1984)

1 Mean totalphosphorus was 110.5 mgHhn April
and 87.3 mg min November 1982 (Geddesd
Butler 1984)

1 Mean chlorophyll a values 21.6 mgiand 29.2
mg m3, with no clear patterns along the lagoon
(GeddesandButler 1984)

Recent alinity levels (20142018) ranged from 5822
ppt, with an arerage of 8(ppt (DEWNR Hydstra data
Nitrogenidentified asthe primary limiting nutrient;
and total nutrient loads tied to organic components
of the whole ecosystenQpllieret al. 2017)

Macro-
invertebrates

Macroinvertebrate data limited, with records
indicating dominance of halophytic diptera and
saltlake crustacean species (Geddesl Butler
1984)

Macroinvertebrate populations remain depleted due
to high salinities (>64 ppt), low to hypoxic condition
higher organic matter and lowehlorophyll a
(Dittmann et al. 2015; 2017)

Since 2015, the South Lagoon has supportéd 1
species with very few individuals only (Dittmann et
2017)
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Table3. Summary of the ecological character oféfSouth Lagoon, including a description of their importance to the system (value), drivers of the character, and changeshatacter

and the basis of the assessment of these changes.

South Lagoon

Value

Drivers

How has the South Lagoon been tracking?

Source of
information

ecological character

Ecologicalsocial, cultural and economic

1 nutrient supply;
and, sediment
condition (anoxia).

Diversity A critical component of the system, providing| Driven by: Not considered to have changed significantly over time,
number of services and benefits, including: . considerable spatiotemporal variation in response to freshwatg
1 flow regime; . . . .
) ) . . inflows and changes in salinity are evidént. Ye et al. 2015
- Key elements in food webs, including as| 1  connectivity; and
food source for Ngartjis (i.e. pelicans) 1 salinity 1 Lack of knowledge of variability in 1980s, majority of research
- Important species for local recreational | . . data collected from 2006.
. o ) ecreasing specie . . S . . .
Fish and commercial fisheries: . L .| T Diversity reduced in Millennium Drought with hypersaline
! richness with increasing .
- Contribute to site biodiversity; and salinity conditions,only low numbers of smallmouthed hardyhead
- Cultural value to Ngarrindjeri as part of recorded.
their living culture, both as food source M Post2010 return of freshwater inflows associated with increas
and connection to their sptual beliefs. in fish diversity and the abundance of smallmouth hardyhead.
1  Greater fish diversity observed between 262014 than during
Characterised by-10 native fish species. the Millennium Droughtt
Submergent | A critical component of the system, providing| Main drivers of| Submergent halophyte diversity in the South Lagoondeadined since| 3Frahn & Gehrig
halophytes number of services and benefits, including: distribution include: the 198089, with R. tuberosahe dominant species since 19795. 2015
4Geddes &
- Key element in foodweb; 1 waterlevels;and | 1 R.tuberosarowth was limited and sparse in early 1980sut Butler 1984
i - - . e in 1984 liniti -
Provision of habitat; and 1 salinity e>.<ter.15|v.e in 1984 as §a|n|t|es reduced . sGeddes 1987
- Contribution to sediment retention, Other drivers include: f  Distribution and density dR. tuberosaleclined between 2000 sLucas 2
carbon anchutrient cycling. and 2d.0, and recorded as completely absent in 2010. Womersley
T water 1  Significantly increased in distribution from 2011 and Z)bdit 1973
temperature; recovery of abundance is slow due to absence of effective see “Nicol 2005
. S 0
Vegetation T light limitation; bank: 8Paton & Bailey

2017 data showed improved cover and abundance.dfiberos&’, and
current observations suggest that a mix&l tuberosaand Lepilaena
cylindrocarpaoccurs in the South Lagoon (Van DijkC&llier pers.
comms. 2017).

Historical records of filamentous green algae occurring al
macrophyte beds and bottom of lagoon were obset¢eRecent
presence of filamentous green algae has disrupted reproduct
affecting resilience within the systéfh

2011
%Paton et al.,
2015
10paton et al.,
2017a
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South Lagoon Value . . Source of
. . . . Drivers How has the South Lagoon been tracking? . :
ecological character Ecologicalsocial, cultural and economic information
Diversity A critical component of the system, characteris| Driven by: All 21 regularly supported species that were present in the 19805 11h Q/ 2 y y 2
by: still detected in ctrent monitoring. However some are present in muf 12 DEWNR
T  water levels; and .
. o lower abundance?11.12 (unpublished)
- 21 regularly supported species (Table | § salinity 1paton et al
A6.1) . .| 1 Diversity was affected during the drought: caspian terns were '
i i i i Decreasing specis undetected in 2004 as were ratecked avocet in 2009 2014
- D|vers|t¥ of spgmes acrogs functional richness with increasing 1 Postdrought, 2 species were absent in the Jan 2011 survey b “Paton et al,
group§, |.nclud|ng shorebirds, waterfowl salinity or extreme ) g_ , 2 Sp o o217 s Y P 50150
and piscivores. water levels. a species were present from TSt 5paton et al.
One of LINA Y NB NBIazya T 2016
listing.
Breeding A critical process that also provides criti¢ Driven by: Overall, waterbird breeding continues at the site but there have b{ 16 h Q/ 2 y' Yy
services supported by: noticeable declines in the magnitude and/or success of breeq al., 2013
1 water levels .
. ) . attempts for some species. 17’Paton 2003
- Islands that provide key nesting habitat (affects 18aton 2005
for breeding waterbirds (Table A6.2); an connectivity of 1 Bredling data from the 1980s and 1990s is lacking, but some 1 Q/ 2yy 2
- Annual nesting for five species, including islands); and successful events were recorded for fairy, caspian and creste 2015
. . . i 1 17
the threatened fairy tern. T salinity (drives terns, and the Australian pelicaf. _ 20paton & Paton
) -~ ) food availability). | §  During the Millennium Drought, few breeding attempts were
_ The South Lagoon was identified as one of eit . . . 2016
Waterbirds ) » ) successful mainly due to the loss sifind refuges and fish prey.| ,,
wetlands in the MDB as critical to supportir . . . Paton et al.
bird breeding i ” Notably, breeding attempts by the Australian pelican were 2017b
waterbird breeding in wet years: unsuccessful from 20630058, and for Fairy Tern from 2004 2Bino et al
0518 '
i indieri ii 2015
Waterbirds are I_\lgar.rlndjerl Ngarjis and the 1 Recent breeding success observed for Australian pelican, fair
successful breeding is fundamentally connect .
s . . tern, caspian tern and crested te#f?0
to Ngarrindjeri wellbeing and reproduction. . .
1  One quarter of the 2017 fairy tern population were young
recruits from the previous breeding seagbn
Abundance A critical component of the system thg Driven by: There have been declines in abundance of some waterbird species| 23Paton et al.
incorporates: before and after Ramsar listing. 2009
T water levels; and 24paton &
- High total waterbird abundance (typically 1 salinity T 1985 survey detected >150,000 waterbitls Rogers 2009
25-000-90,000 birds); and . ~25,00065,000 waterbirds were detected annually from 2000 | ,. .
i i iy, | Abundance of - mosf 201011 85% of species that were common in 19&#&itdeclined Paton & Bailey
- Migratory shores)lrds tha.lt tare pre§ent in species decreases wit : 20-00208723 p 2014
abundances >El/o of their international increasing  salinity and Eyt N : . i . bl of bri . 26paton et al.
flyway population. extreme high or low 1 xtreme hypersaline conditions & availability of brine shrimp it . -\
- . . 20009 attracted >200,000 banded stift 27
hyS 27 LINA Y I NB NIRanisa@| water levels. Paton et al.
listing. 2016
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South Lagoon

ecological character

Value
Ecologicalsocial, cultural and economic

Drivers

How has the South Lagoon been tracking?

Source of
information

1 From 20132015, total abundances ranged from 36,680,000
2526 with a relatively high count of 94,000 birds in 0Zand a
low count of 28,000 birds in 2017 due to high water lelfels
Priority Supporting priority andhreatened species is { Driven by: The abundances of four priority migratory shorebirds (listed | 28Paton 2010
wetland and | critical service that supports: 1 water levels; and international agreements) and at least two threatened species h 2%Paton &
threatened . . . ' declined since the site was Ramdiated in 1985:1.23.28 Rogers2009
spp. - Threatened waterbird species (Table 1 salinity ' . . . .
A6.3); and 1 Fairy tens have experienced substantial declines sit@85 and
Abundance of mosi . .
- Migratory shorebirds listed on species decreases wit were not supp.ortedlln the South .Lago.o-n during the dro@yht
international agreements (Table A6.4). | i\ reasing salinity and | CU1eW sandpiper did not meet sipecific flyway o
. contributions2in 200405, and reenecked stint also declined in
extreme high or low .
water levels. the m'd2900,523'25? . .
1 All four priority migratory species and fairy tern have shown
modest increases in abundances since 2012, although none g
detected in comparable numbers to that observed in the
1980§0,ll,12,26,27
1  Curlew sandpiper is now recorded in the Coorong at 9% of i
longterm median abundané and failed to meet sitespecific
flyway contributions again from 2008412,
1  Fairy tern abundances have improved in the past 7 years, with
successful breeding events in most years since 2011, howeve
population is stilbnly two-thirds of its size from the turn of the
centuryt,
1 Numbers of 3 additional priority species have shown little
improvement postdrought and remain at relatively low
abundances compared to the 198021415
Diversity  of | The complexity of physical wetland habitat typ| Driven by: Extent and diversity of wetland types in the 1980sriknown. Baseling 30Seaman 2003
wetland type | provides a critical service by supporting: 1 hydrological for the diversity of wetland types was established in 2603. 31Butcher &
Physical - High biodiversity values of the site; regime, including | 1  South Lagoon continued to support diversity of wetland types Brooks 2015
habitat - Waterbird foraging, roosting and frequency and since 2003*
breeding; magnitude of 1  Characteristics of intertidal mudflats and saline lagoons
- Feeding grounds for fish; and inundation experiences change during the drought.
- Part of Ruwe/Ruwar.
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South Lagoon

Value

Drivers

How has the South Lagoon been tracking?

Source of

ecological character

Ecologicalsocial, cultural and economic
Characterised by six major types,
intertidal mudflats and saline lagoo#As.

includi

information

a stressor, which can influence:

- Biotic reproductive processes; and

- Biotic distribution, abundance and
community structure.

1 North Lagoon
inflows;

1 North Lagoon
water quality;

 rainfall on the
lagoon surface;

1 evaporation; and

predominantly to variation in barrage flows, as well as increa
evaporation during the Millennium Drought.

il

Roosting and| Providing habitat for waterbirds to roost an| Driven by water levely Availability and quality of habitat was sevsralffected during 32Paton & Bailey
foraging forage is a critical service that includes: and salinity. the Millennium Drought (i.e. very low water levels, and loss of| 2011
habitat  for macroinvertebrate prey throughout much of the mudflat
. - Shoreline mudflats: foraging habitat for . prey g
waterbirds . habitat) 28
shorebirds; .
Island dfrinai . . 1 Inspring 2010 and 20186, large unregulated flow events led to
) sfan s .an ringingegetation: roosting very high south lagoon water levels, and mathabitat became
refuges; ) 3 . inaccessible to shorebirds:32
-t N_‘E DA "’_1 A2 )/_ e _ONJ‘ U A 1 Apart from the two years of very high water levels, the
habitat, particularly important in dry availability these mudflat habitats has improved.
years; and
- hyS 2F LINAYFNE NBI
Ramsar listing.
Breeding Provides a critical serviGipporting: Driven by water levelg § Thousands of crested terns and Australian pelican nests and 4
habitat  for . . . and salinity. 100 fairy tern nests were recorded annually in the 1980s.
. - Island breeding sites that provide refuge . . . |
waterbirds ) f  Very low water levels during the Millennium Drought resulted i
from predators and access to food (fish)
) ) ] the loss ofisland refuges after they became connected to the
- Shoreline nesting habitat for beach . . .
ting birds: mainland and accessible by terrestrial predatéts.
nes "Tg Ir S’_ ) ) 1  Water levels have been adequate to maintain disconnect
- Ongoing pr0\{|5|on of services to support between islands and the mainland since late 2010.
annual breeding; and
- hyS 2F LINAYLINE NBI
Ramsaristing.
Water quality | Salinity Salinity is a criticaomponent of the system an¢ Driven by: Salinity data has varied significantly since thel980sttributed | 33Mosley et al.

From19751977 the southern end of the South Lagoon showe
fluctuations in salinity from around 40p{0ppt4

Salinity varied widely from 40ppt to >100pjm the early 1980s,
with the brief period of high flow from the Murray in 1981 havir
little effect on sdinity in the South Lagooh.

Salinity in 1982 was particularly high and representative of

hypermarine conditions.

2017
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South Lagoon Value . . Source of
9 Drivers How has the South Lagoon been tracking? . .
information

ecological character Ecologicalsocial, cultural and economic

1 inflows from the 1 For 19751985 salinity exceeded 100ppt 15% of the time (base

South-East via Salt on daily data) (DEWNR unpublished data).
Creek. 1 Salinity (1998010) ranged from 7460ppt (DEWNR Hydstra
data).

1 Salinity (2012018) ranged from 5822ppt, with an average of
80ppt (DEWNR Hydstra data).

1 Marginal effect of water releases froBvuth-East on salinity
during 2013201633

Nutrient and | Supporting component (and process) of the So| Biogeochemical 1 Primary production remained high during Millennium Drought,| **Deegan et al,
nutrient [F322y | YR AYLRNII yii processes are despite low nutrient inputs from the River Murray, suggesting | 2010
cycling biogeochemical processes, which in turn dri influenced by salinity, high level ofetention and nutrient cycling in sediment podfs. | 3Grigg et al.
patterns of primary productivity and food webs| hydrological  regime, §  Historical investigations into nutrient pools and fluxes identifie{ 2009
nutrient influx, and by the ratio of Total Nitrogen to Total Phosphorus, and ratio of Pl *Collier et al.
Characterised by: benthic  bioturbation Nitrogen to Total Phosphorus indicated a predominantly interr] 2017
and evaporation. source of nutrients (algae, detritusy.

- Typically acting assnk for nutrients;

- Containing significant loads of nutrients
that are not yet full characterise#,

- Nitrogen the primary limiting nutrier;
and

1 Concentrations of DOC, DON, and DOP all increase southwa
along the Coorong faster than salinity increases, indicating
sources of these in the South Lagoon.

1 In contrast to relatively high concentrations of nutrients
embodied in organic forms, the concentrations of bioavailable

- Total nutrient loads tied to organic species aréow. Recenyears (2012016) the TN:TP ratio has
components of the whole ecosysteh. been considerably higher and indicates switch to P limited bas
on total nutrient availabilit§?, and total pool of TN high in South
Lagoon, but fraction of biavailable N is very low.

1  Water releases from Salt Creek are lower in organic nitrogen {
occurs in the Coorong, thus reducing the organic nitrogen and
total nitrogen concentrations in the southern Cooréfg

1 The water relases contain considerably higher concentrations
dissolved inorganic nitrogen (ammonium and nitrate), but theg
concentrations rapidly diluted to within background
concentrations within 10km of Salt Crek.

South Lagoon The Coorong food web is relatively short but iy Driven by: 1 ExtensiveR. tuberosdeds and large numbers of smathouthed | 3"Brookes et al.
food web critical service to sustaining the character of t 1 hydrological hardyhead were present in the mitd80s? 2015
site. regime: 1 Invertebrate data is limited at the timef listing, but there are 38Dittmann et al.
' some records of halophytic Diptera and sake crustacean. 2015

 water levels;
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South Lagoon Value Source of

Drivers How has the South Lagoon been tracking?

ecological character Ecologicalsocial, cultural and economic information
It is characterised by: 1 salinity; and 1 Reduced food web complexity and productivity was observed | *°Ye et al. 2012
1 nutrient dynamics during the Millennium Drought, and included decreased 4%Kim et al. 2013

- R.tuberosas a critical habitat and food
resource;

- Smalmouthed hardyhead as a single ke
species and important prey for
waterbirds; and

- Macroinvertebrates as primary and
secondary consumers, processors of
primary production, and vital food
resources for other bita.

1 sediment abundance of macroinvertebrat&s3® fish#® and R.tuberosd. 4Dittmann et al.
biogeochemistry | 1  Postdrought recruitment, abundance and distribution of small | 2017
mouthed hardyhead increased substantigfly.

1 Recent persistent loss &. tuberosdabitat means that primary
production will be dominated by algée

1  Macroinvertebrate populations remain depleted due to low to
hypoxic conditions, higher organic matter and lower chlorophy
a_4l

1  Since 2015, the lagoon has supporteél &pecies, includm
Capitella Amphipods, Ostracodgrthriticaand Chironomid%
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Table4. Performance againsécological objective targets for the Lower Lakes, Coorong and Murray Mouth icon site from-28a6 201617 (MDBA 2018)Note: objectives are

not specific to the South Lagoon sulmit of the Icon site. Met is where all ecological targets were met; partiat is where one or more ecological targets were met; not met is

where no ecological targets were met; and not monitored is where the target was not monitored in that year.

201415

Not met

201516 201617

Not met

Not met

Support aquatic habitat by
establishing and maintaining
variable salinity regimes in the
Murray Mouth Estuary, North
Lagoon, and South Lagoon

Data yetto be
extracted from

reports

200607 2007-08 200809 200910 201011 201112 201213 201314
Maintain or improve Ruppia Not Not Not Not Not met Not met
tuberosacolonisation and monitored | monitored | monitored | monitored
reproduction
Maintain or improve waterbird Not met Not met Not met Not met Not met
populations in the Lowet akes,
Coorong and Murray Mouth
Maintain abundant, seHsustaining Not Not Not met Not met Not met Not met
populations of smalmouthed monitored | monitored
hardyhead in the North Lagoon and
South Lagoon of the Coorong
Restore resilient populations of Not Not Not met Not met Not met Not met
black bream and greenback flounde| monitored | monitored
in the Coorong
Maintain or improve mudflat Partial Not Met Not met Not met Not met
invertebrate communities that are
of high condition relative to
southern Australian estuarine
mudflat ecosystems
Maintain or improvehabitable Not met Not met Not met Not met
sediment conditions in mudflats

Not met

Not met
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CONCEPTUAL DIAGRAM OF THE ECOLOGICAL CHARACTER OF THE COORONG SOUTH LAG(

The South Lagoon comprises the main lagoon, ephemeral lagoons towards theoutistrn area of the
Coorong and also a series of spring fed freshwater wetlands at the base of the dunes. Water levels are variably
fluctuating up to 0.9n annually. Salinity in the South Lagoon is influenced by inflows from the North Lagoon,
rainfall onthe Lagoon surface, evaporation, and historical inflows of fresh water from groundwater via soaks,
and inflows from theSouth-East of South Australia via Salt Creek. Variable freshwater inflow via Salt Creek can
cause intermittent localised freshening dfa hypersaline conditions. The South Lagoon is on averader.5

wide and 1.4n deep at On water level AHD (Webster 2005).

Figure 1 is a representative conceptual diagram of the South Lagoon ecosystem, as developed in 2015 (DEWNR
unpublished), showing the key characteristics, drivers, and threats of the system. Figure 2 shows changes in
function of the South Lagoon ecosystefthere has been significant knowledge developed related to the
salinity tolerances of biota of the South Lagoon (Table 3 and Figure 3).

QI Salt Creek
v -
e

Ephemeral lagoons

£q

i
::::

Salinity: Saline - Hypersaline

36 ppt 110 ppt

Figure3. Conceptual diagram representing the Coorong Soudgoon. Not to scale and not all features are included:;
the diagram is representative only (DEWNR unpublished).
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@ S»F

M6,
)

wind

Key to symbols used in conceptual model for the South Lagoon (Figdr# above)

Water level variation in the Coorong (North and South Lagpisns key determinant of habitat suitabilit
and availability, as well as an important driver of water exchange and salinity. Local conditions (win
tides) strongly influence hydrological interaction with freshwater inflows via the USED Schemeargh:
variable flows between the South Lagoon and ephemeral lagoons.

Groundwater interactions and flow are complex and similar to the other salinausitb. Wind action
maintains mixing of the surface waters, with evaporation increased by wind. Grateddischarge zones
are associated with springs.

Salinity is controlled by a variable flows from the North Lagoon and Salt Creek. Evaporation is h
hypersaline conditions occur in most of the South Lagoon. A significant salinity gradient rexfsts
Coorong, with lower salinity in the North Lagoon increasing to hypersaline in the most distal parts
South Lagoon. The South Lagoon typically acts as a sink for nutrients, even in high flow ye
evaporation from the shallow basins in theuth draw water and suspended material from the Nor
Lagoon. Nutrient dynamics remain a knowledge gap.

Primary production is high, with the dominant submergent macrophyte bBiagpia tuberosaFringing
emergent and submergent vegetation associated with the freshwater springs at the base of the dur

Secondary production is detrital based and reliant on a simplified food web compared to the fresh
subunits. Invertebrate composition is substantially different, with polychaetes staneans and
chironomids playing important roles in the food web.

Species of conservation significance in this-soih are the same as the Murray Mouth and Estuary a
includes hooded ploveiThinornis rubricoll}s fairy tern Sternula nereis nergisEastern curlewNumenius
madagascariens)sand curlew sandpipeCg@lidris ferruginen Fairy terns breed in the South Lagoon. T
endangered ecological saltmarsh community also occurs in thisisitlas well.

Characteristic fish species encounteredlude small mouthed hardyheadtherinosoma microstoma
Often the only fish species present in the South Lagoon, small mouthed hardyhead are an important
element in the Coorong food web.

The Coorong is iconic for the abundant waterbirds supported, notably for supporting migratory sp
Variation in inundation result in the exposure of mud flats and intertidal marshes along the shor
providing important habitat for a large number wfaterbirds. The South Lagoon supports key breed
locations for Australian pelicans and fairy terns. The beach area of this#Lgupports large numbers o
migratory shorebirds and beagtesting birds.

Climatic conditions and climate change impacts are the same as occurs across the other salimtssut

Invasive species and problematic native species affecting thisisitiinclude foxes, rabbits, weeds, an
kangaroos.

Recreational use is mdynfocused on the beach and dunes, with fishing, and collection of pipis com
activities. Some recreational activities act as threats to the beach dwelling shorebirds (disturbai
nesting sites).

Places within this subinit haveparticular significance for the Ngarrindjeri but is seen as part of the wt
YarluwarRuwe.
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Nutrient replete

Nutrient replete
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