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Executive Summary

This report presents a detailed analydithe likely ecologicaleffects ofproposed revisions afater
level criteria.

Currently, Ministerial Statement 819 minimum water level criteniast be met by the Department of
Water and EnvironmentdRegulation(DWER) at wetlandsand groundwater dependeterrestrial
vegetation sitescoveed by the Gnangara groundwater allocation plélawever groundwater
abstractiorcombined with declining rainfall in the regiomeans thait is unlikelywater levels atmany
sites will meet theriteriainto the future

DWER is proposing to reduce grounaker abstraction from the Gnangara groundwater resotoces
help improve water levels wheregsible.A reduction of groundwater abstraction of up to 44 y&aL/

by 2030 is beingplannedby DWER and modelling has been conducted to understand the effect this
will have on water levelsAs a result of this modellingevisedwater level criteria othresholds have
been proposedhere the modelling showed that existing criteria couldbeomet even with reduced
abstraction

This reportdescribs the likelihood thatthresholds proposed by DWER witlaintainthe valuesand
managerial objectivesf twelve wetland site and five terrestrial sitean theGnangara groundwater
system At a fewwetlands in the East Wanneroo an@ater levels ar@rojectedto increase At these
sitesmaximum thresholds amiggested for thogéses to ensure values and managerial objectives are
upheld Finally, the management objectives fone additional wetland,ake Gwelup are reviewed
with the aim of providing DWER withminimum and maximum thresholds that will maintais
ecological intgrity.

In most cases the projected water levelssaremprovement ovehecurrent (2019¥ituation,however
water leveldor 2030are projected to continue being roompliant with exishg water levekriteria at
eight wetlands and five terrestrial sité\ccordingly DWER hasproposed to lower the existing criteria
at these sites to levels that modelling projects is achievable under a dry climate scenario.

Loch McNess and Lake Yonderwgre currently experieimog dramatic shifts in ecological processes
that are being driven by changes in hydrological regirhe.prgected 2030 water levels anet going

to return these lakes to theirevioushydrological regime ahnutrient enrichmerend terrestrialisation
will continueto bea problem At wetlands sug as Lake Nowergup and Pipidinny Swardiminished
habitat for water birdwiill persist Other sites, such as Lexia 186 and Melaleuca Park 173 aaler8
likely to contain increasingly stresseetland vegetatioasthe ecological waterequirement$or some
speciesare not metThese sites may experience terrestrialisation of vegetatiootat extremities
Similar shifts are described for thieve terrestrial site examined here, albeit the effects of
terrestrialisation arassurednd perhaps alreadyell underway.

On the other hand,ake Goollelal, Lake Joondalup, Lake Mariginiup and Lake Jandabe:projected
to have water levels significantly greater than 2@l@ls(the start of the modelled periodiencat is
proposed to increaseinimum thresbldswhere the curreminimum criteria are seen to be too low to
protect ecosystem valueSor these wetlands, maximum threshdldselsthat surface watershould
not exceedare also proposed to ensure that fringing vegetation is maintained at tegse si

The proposed thresholds are predicted to have a significant impact on the management values and
objectives of many of the sites. It is predicted that 25 ofdtheumulative site values for the sites
presented in this report will be retained and 835b management objectives will be retain&dr
wetlands where water levels are projected to rise, overall a t@8@bf values will beetainedand

100 management objectives will be uphdfdr wetlands where water levels are projected to fall and

new thresholds are proposed, overall a totad 86 of values are projected to be retained a8
management objectives are projected to be upheld.



Finally, minimum and maximum thresholds are proposed hbat will achieve the proposed
management objees of Lake GwelupA minimum threshold of 5.4 mAHDt the staff gauge
6162504will ensure permanent watexists in the lakand thus protect the site as a drought refuge for
water birds. TIs threstold also ensure that the ecologicalvater requirementsfor surrounding
vegetation are methich will ensure théake providedor a diverse range afquatiomacroinvertebrates

thatbenefit from the habitatsrovided by fringing vegetation.
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Introduction

The Gnangara groundwater systasnlocated on the Swan Coastal Plairsaath-western Australia.

The system covers an area of ZBID ha, extending from the Swan River in the south to the Moore
River and Gingin Brook in the north and from the Darling Scarp in the east to the Indian Ocean in the
west Figure 1). The system consists of three major aquifers: The Superficial aquifer, Leederville
aquifer and the Yarragadee aquifé/etlands supported by th&nangara groundwater systere
expression of the Superficial aquifer, an unconfinedjuifer composed of Quaternafertiary
sediments of the Swan Coastal Plan that is in direct connection with the lower Leederville aquifer at
locations where the Osborne Formation has erodaldut et al.1991). Aquifers of the Gnangara
system providealmost half of all the water used in the Perth metropolitan area each year, supplying
drinking water, water for agriculture and water for irrigating paoksJsand gardens

The Gnangara groundwater systasuopports a s&s of groundwater dependent ecgisyns, including
wetlands in the form of permanently inundated lakes and rivers, seasonally inundated sumplands and
brooks and seasonally waterlogged damplands (Semeniuk 1987). These groundwater dependent
ecosystems provaimportant habitat fomaarray é vegetatiorcommunitiesand fauna. Environmental
gradients caused by variation in hydrological regimes provides a complex mosaic of vegetation across
the Gnangara groundwatesrystemand within the wetlands themselves. Tia@ge of hydrological
regimes thadefine these groundwater dependent ecosystems provides a mosaic of important habitat for
aquatic fauna, including endemic fishes, turtles, mammals and waterbirds that reside throughout the
Swan Coastal Plain. Groundwatdpendent ecosystems are theeefan integral component of the
ecological value of th&nangara groundwater systemd have unquestionable value as remnants of a
once more widespread coastal wetland system (Horwitz et al. 2009b).

The biophysical charadistics and the ecological health of groundwater dependent ecosystems
overlying theGnangara groundwater systeare directly related to the hydrological regime of the
shallowSuperficial aquifer and, to a lesser extent, the deegpgifeas. The shallowSuperficial aquifer
respond to the seasonal climatic patterns of the region, wlixperiences a Mediterranetype

climate with hot dry summers and cooler wet winters. June to August represent the wettest months of
the year and Decdper to March usually havlittle rainfall Figure2 Right), hence groundwater in the
system generally risaluring winter to a spring peak and decsiive summer to an autumn minimum
Vegetation and wetland associated fauna of these gn@ied dependent ecosysterare largely
determined by a given wndstly anfludngesl byhtlyeder gnounawaterc a |
fluctuations

Water levels irthe Gnangara groundwater systéave been declining due to disruptions in the water
balance caged by declining rainfalls a result oflimate changeand abstractia.and use change has
also had an impacMajor use of groundwater from the Gnangara groundwater resources indude
public water supphffor private selfsupply (such as for hortidture, irrigation of public open space and
domestic gardensynd bynative vegetation, pine forest plantations and wefig8dlama et al1,991).
Replacingnative vegetationvith pine plantationdias been shown teduce recharg& groundwater

as pines (planted at high densities) transpire more than the native plants they replaey, amdallso

able to directly access deeper levels of the water table. Groundwater recharge has been hampered by
declining rainfall h the south west region of Australia; it is estimated that since the 1970s rainfall has
been declining by approximately 12nymar (England et al2006, with up to 64 % less runoff
occurring in the region in 2003 cormed to 1974 (Yeserten@007). Since the midl990s, rainfall has
generally been dlow the longterm averageHRigure 2 Left). The combined effects of groundwater
abstractionchanges in vegetation and declining annual rainfall havieilooted to long term declines

in groundwater of th&nangara groundwater systé¥esertener2007) and associated declined health

of many groundwater gendent ecosystems (Buller et al., 2019, Judd & Horwitz, 2019)

Drawdown of groundwateaffects the mortality and health of plant communities that depend on
groundwater access (Groom et 2DQQ Muler et al.,2018 Zencich et al.2002 and the composition
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of aquatic invertebrate communities that inhabit the surface waters of wethrtde Gnangara
groundwater systerfHorwitz et al.,2008 200%). Changes in hydrological regimes directly affect the
distribution, health and composition of fringing wetland vegetation by altering the depth to
groundwater, depth of surfaceter and length of inundationnieds (Froend, Loomes & Rogan, 2005).
When water requirements are no longer being met for fringing vegetation species, the vigor of
individuals within a population declines, eventually causing altered species distributiomsmete

loss of a populatiorirom a wetland. Often the loss of native species due to drying increases the
likelihood of invasion by exotic species or in extreme cases, terrestrialisation through the establishment
of xeric species.

Fauna associated witjroundwater dependent systeread to have specific life history stages that
require surface water. Therefore, the spatial and temporal distributions of such fauna are determined
primarily on where there is surface water and when it agélorwitz et al.2009b). Alteration of these
regmesdffects the persistence of these organisms and, in some cases, may enhance the survival and
reproduction of others (Horwitz et al. 2009b). Organisms requiring permanent water, such as fish, are
at most risk under a scamo of declining water levelssdoss of permanent surface water in a lake will
almost certainly cause the local extinction of those species. Most aquatic insects, on the other hand, can
travel between wetlands as adults for reproduction and requireeswéder for only short periods.

Finally, the physicochemical integrity of groundwater dependent ecosystems can be compromised as
groundwater and surface water levels decline. The seasonal exposure of sediments leads to drying and
the beginning of acidif@ation processes thaffect the pH and water chemistry of surface waters
(Horwitz et al. 2009b). The loss of mesic species can also add further organic matter to already
organically rich peats which, when dry, are at risk of combustion. Generally, refisatidgturbance

to these sedients facilitates terrestrialisation of these wetlands through loss of peat sediments.
Terrestrialisation ultimately leads to the permanent loss of the ecological values we associate with
groundwater dependent ecosystems.

Groundwater dependent ecosystemsvide important habitat for fauna, including amphibians such
as Litoria adelaidensis.



Scope ofreport

Schedule 1 of Ministerial Statement 819 specifies minimuminimum peakvater level criteria that
the Department of Wizr and Environmental RegulatigPWER) must meet at staff gauges and/or

monitoring bores at 14 wetlands and 16 bushland sites in the area covered by the Gnangara groundwater

allocation plan, north of PerthFigure 1). Due to groudwater declines caused by groundwater

abstraction and declining rainfall, DWER has been unable to meet the criteria levels at approximately

half of the sites in recent years. DWHs currently in the process of preparing a draft Gnangara
groundwater allod#on plan for public commenAs part of the planning process, the department has
modelled scenarios thegduce public and private groundwater abstraction in the plan arcatay af
up to 44 GLyearby 2030 Even with these reductions in abstractimmdelling pojects DWER will

still not be able to achieve the current 6absol

compliance rates will remain very simil@r current rates because the expectations are for a continued
drying climateregime into the future.

DWER is therefore proposing to alter the water level criteria at sites where the modelling projects
absolute minimum levelare not likely tobe met in tle futuredespite reductions in abstractiorhe
department has developedaneve t of water | evel criteria (or

mi

u

Environment al Protection A ut hEnvirontmgntals Protecdon 0 mme n d

Authority, 2018) The proposed minimum thresholds have been based on what groundwater modelling
has indicated can likely be met at the respeatigdand or bushland critergtes following reductions

in groundwater abstraction, and (in some areas) planned land use cRatdegtions to groundwater
abstraction will come into effedtefore 2030while land use changes have started to occur in some
areas already and will happen progressively over the plan period.

There ardive key taskghat are addressed in this report:

Task 1 Assess whatffectaltering absolute minimum threshold water levels imayeon:
a) achieving the original stated site management objectives
b) the oiginal stated site values
c) where these are different from bByjditionalvalues as described in recent monitoring reports.

Theseassessmestare basedn whetherthe proposed 2030 mimum threshold levels will meet the
water requirements for these specific ecological values:

a) species composition

b) key, priority or threatened spies

c) existing ecohydrological states

Task 2 For each siteanassessient ofthe significance of the impactsaigedound in Task 1 (taking
into account guidance from the Environment al
effects (EPA, 2018b)).

Task 3: For each sitegan assessment whether the proposed new minimum threshold water levels will
meet proposedewmanagementhyectives Where the proposed thresholds and proposed management
objectives do not aligmecommend amendmaexib the management objectives.

Task 4: For the wetlands likely to be affected by planned lagd changes in East Waaroq an
assessment ovhether the original maximum water level criteria stated in WAWA (1995):
a) are appropriate to meet the proposed management objquibmssed by DWER in the scope
of works and protect site ecological and social values, or
b) requirerevision.
c) If b), recommend appropriate maximum threshaelith justification

Task 5. Review the proposed management objectfeed.ake Gwelup andansider the ecological,
social and cliural values of the lakePropose a minimum water level thresholdd @nrequred, a
maximum threshold, at bore GLP_EC to meet the management objectives

Pr
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Structure of report

A detailed desktop review of all data collected during@hangara Mound Environmental Monitoring
ProgrammeandSurveys of Gnangara Mound Wetland ®tagion Maitoring will be presented in this
report(seeAppendix 1 & 2) An initial analysis of vegetation and aquatic assemblages is provided to
understand the general trends of change foGi@ngara groundwater systémterms of changes in
diversity, loss/gainof taxa, homogenisation of communities and the impact of invasive species. This
general assessment provides a context of how historical shifts in diversity have shaped each wetland
relative to other wetlands aniflustrates the general changeseing expeienced by Gnangara
groundwateidependent ecosystems

To understand the shifts that have occurred in aquatic and vegetation communities and the role
groundwater levels have had in driving ecological changes at each of the monitored sitesec detalil
examindgon of each wetland is provided. For each wetland, a summary of historical
groundwater/surface water levels and current water quality informatipresenéd Each wetland
vegetation community has been mddelto understand the rolegfundvater level on the abundance

of plant species and a discussion is provided on the causes of historical and contemporary shifts in
vegetation composition and the likely trajectory of change should the proposed threshold levels be
adopted. A similar iterpreation is provided for the aquatic macroinvertebrate communities.
Considering the role of groundwater on vegetation structure and the historical shifts in aquatic
assemblages, an assessment of the ecological consequences of the revised 2038 threkehstiated

site values and site management objectives is provided for each wetland.

Many terrestrial fauna rely on groundwater dependent woodlands for habitat, including lizards such
as Ctenophorus adelaidens
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Methodology

Twelve wetlandsand five terrestria(bushland)environmentdrom the Bassendean and Spearwood
Dune systems are analysed in this report to assess the ecological and managet&loimpaised
groundwater threshold&igurel andTablel). For each site, vegetation and aquatic macroinvertebrate
communities where applicableare considered whedetermining the consequences of thepesed
minimum thresholds on the site values and management objedtiafindings of these analysase
provided in summary talddor each site where the original site values and managerial objectives and
the proposed management objectiaes discussd interms ofthe ecological consequences and likely
future changes. An assessmehthedatawas made by the authgrsu s i n ge ratn Pamxel appr o
to decidewhether thesite values and management objectives are achigewgibkn the proposed
changs to the minimum threshaldrheseassessmentare providedin terms ofa likelihood scale
(whetherachievement is very unlikely, unkky, possible, likely or very likely



Tablel Summary informatiotior wetlands that have beenssgmatically surveyed on an annual basis

and those that have been sampled for the purposes of this report. For each wetland, anfeismati
provided on their morphological properties, the dunal system they are found on, whether systematic
surveys of vegetan, aquatic macroinvertebrates and water quality have occurred and their location in
the Swan Coastal Plain.

Water
Wetland Morphology Dund System  Vegetation Macroinvertebrates Quality Coordinates
Lake Goollelal Lake Urban Annually Annudly Annually 31.817°S
Spearwood 115.815°E
Dunes
Loch McNess Lake PeriUrban Annually Annually Annually 31.548°S
Spearwood 115.682°E
Dunes
Lake Yonderup Lake PeriUrban Annually Annually Annually 31.555°S
Spearwood 115.686°E
Dunes
Lake Joondalup Lake Urban Annually Annually Annually 31.743°S
Spearwood 115.779°E
Dunes
Lake Lake East Wanneroo Annually Annually Annually 31.729°S
Mariginiup Interdunal 115.815°E
Lake Jandabup Lake East Wanneroo Annually Annually Annually 31.746°S
Interdunal 115.847°E
Lake Nowergup Lake Peii-Urban Annually Annually Annually 31.630°S
Spearwood 115.732°E
Dunes
Lake Wilgarup Dampland; Spearwood Annually No No 31574S
was a lake Dunes 115692°E
Pipidinny Sumpland Spearwood 2019 No No 31.580°S
Swamp Dunes survey 115.683°E
Lexia 186 Sumpland Bassendean  Annually No No 31.743°S
Dunes 115.963°E
Melaleuca Park Lake Bassendean  Annually Annually Annually 31.704°S
173 Dunes 115.963°E
Melaleuca Park ~ Dampland Bassendean  Annually No No 31.704°S
78 Dunes 115.915°E
MM59B - Terrestrial Bassendean 2019 No No 31.804°S
Whiteman Park Dunes survey 115.954°E
East
PM9 - Pinjar Terrestrial Bassendean 2019 No No 31.612°S
North Dunes survey 115.843°E
WML1 - Pinjar Terrestrial Bassendean 2019 No No 31.655°S
Dunes survey 115.855°E
WM2 - Terrestial Bassendean 2019 No No 31.662°S
Melaleuca Park Dunes survey 115.895°E
North
WMS - Terrestrial Bassendean 2019 No No 31.694°S
Melaleuca Park Dunes survey 115.930°E
Lake Gwelup Lake East Wanneroo Annually No No 31.878°S
Interdunal 115.791°E




Vegetation monitoring
The oveall objectives of the wetland vegetation monitoring on@Gmangara groundwater systeme:

9 to determine the impact of altered groundwater regimes on the ecological condition of wetland
vegetation

1 to monitor the condition and composition of fringinegetéion at selected Gnangara wetland
sites, and to determine if observed changes to vegetation are associated with changes in
groundwater and wetland water levels

1 to identify vegetation monitoring parameters relevant to monitoring objectives.

Vegetaton is maitored every spring at selected wetland sites. Spring provides the best opportunity to
capture the greatest plant diversity as well as enhancing identification as most Swan Coastal Plain flora
are in flower. Annual surveys permit direct comparssohvegtation changes to be made, especially

in response to rapidly declining groundwdearels

Extensive methodological details can be found in the annual Wetland Vegetation Monitoring reports
(see Buller et al2019. The data analysed here primarily deals with the longitudinal cover abundance
data set that has been compiled between 1996 and 2018. This data set has been collected by surveying
the species present at established transects at each wetland. Taeldasi) of these transects is a

series of 3 to 4 10x10 m plots extending from the wetland end (Plot A) to the terrestrial end (generally
Plot D). In some instances, when surface water declines are significant, the transect has been extended
to include mw plotsat the current water edge. It is important to note that not every wetland is sampled
every year, and some wetlands have gone a number of years since lastSgaveg)( The vegetation

at the wetland Pipidinny Swamp and fouréstrial sites, WM1, WM2, WM8 and Whiteman Park East,

were surveyed for the first time spring (2019). Only a brief description of those sites is given in this
report and a more deltied analysis will be given in the 2020 Wetland Vegetation Report.
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Figure 3 Period ofvegetation monitorinfpr each wetland.

Aquatic invertebrate monitoring

Data for aquatic macroinvertebrate communities have been compiledgdimn Gnangara Mound
Environmental Monitoring ProgrammeMacroinvertebate and Water Quality Wetland Monitoring
since 1996 (see Judd and Horwi2019 for latest report and comprehensive methodology). The
wetlands inclded in this report where macroinvertebrate data has been collectedeirichke
Jandabup, Lake Mariginiup, Loch McNess, Lake Nowergup, Lake Yonderup, Lake Goollelal, Lake
Joondalup and Melaleuca Park 178l these wetlands are either permanently or ephemerally
inundated.

For each wetland, a series of habitat types are sampled 250 m mesh nets and identified under a
microscope to family levels. An abundance score for each taxon is recorded (rrepeclmens,

scarce = 3L0 specimens, common =-100 specimens, abundant = 10000 specimens and extremely
abundant = > 1000 specim®. Sampled habitats are subject to availability, therefore not all habitats

can be sampled each year for each wetland. Bagrgccurs when spring high water levels are reached

for each wetland each year to ensure maximum availability of habitats aewtiglotiiversity of
macroinvertebrates. For the purposes of this report, sampled habitats for each wetland have been pooled
for each year. Nonetheless, the disappearance of habitats when surface water levels are not high enough
to make them available, drtiabitats disappear due to loss of fringing vegetation, needs to be considered
when considering the role of groundwater lewe the aquatic ecology of these wetlands.



Water quality monitoring

For selected wetlands)-situ measurements of water chemysat each site/location were undertaken
for pH, conductivity (EC), temperature and dissolved oxygen concentration (DO3aélowetland,
one sample for further analysis was usually pooled from the three most representative surface water
habitats, for argsis of:

Nitrates & Nitrites (NQ), Ammonia as N (Nk&t) Total Kjeldahl Nitrogen (TKN),
Orthophosphate (P®), TotalPhosphorus (TP),

Sulphate (S@¥), Chloride (Cl),

Iron (Fe), Aluminium (Al), Sulphur (S),

Calcium (Ca"), Potassium (K, Magnesium (Mg), Sodium (N&),

Acidity, Alkalinity,

Chlorophylta, Turbidity

Patterns in these data were drawn from the meegint reporand describedualitatively and
extrapolated according fwojectedwater regimes where applicable.

=4 =4 =8 =8 -4 -4 A

Statistical analyses

Generalisd additive models (GAMs) were used to modeltiogar trends in water level time series

data (Woo0d2011). Historical water level data for each of the wetlands in this report was accessed from
the DWER website http://www.water.wa.gv.au/mapsanddata/monitoring/wateinformation
reporting. To simplify modelling, mean monthly water levels were calculated and used for imgdell

A cyclic cubic spline with 12 dimensions was used as a smooth term to ensure there was no discontinuity
between January and December water levels. To account for correlated errors, an ARMA process,
nested within each year, was fitted to the residusilsg the R packagdmev 3.1-141 (Pinheiro et al.,

2019. All GAMs were fitted using the R packagegcvv 1.830 (Wo0d,2019. During periods when

the staff gauge measuring surfagater levels has been dry, the minimum reading of the staff gauge
has been used in the modelling. These results need to be treated with caution as water level declines
will be underestimated by our meld

A multivariate analysis was used to explore thfea$ of ground/surface water level on vegetation
communities. This fits a multivariate generalised linear model to the data so that the effects of species
covariates (including groundwater level) oncleaspecies can be modeled (H@D16. Species
abundances (vegetation and macroinvertebrates) were fitted to negative binomial distributions and the
models fitted with two latent variables. The models were fitted and streomed modebased
ordinations were carried out ohet macroinvertebrate and vegetation data usindpdhn@ package v

1.7 (Hui, 2018. The resulting ordinations enable graphical representations of communities for each
wetland to be made, with points closer to each otheemimilar in terms of taxonomic composition

than those more distant. Wetland specific boral models were run using the mean fitted water level for
each survey year as a covariate in order to understaales specific interactions with water levels.

All analyses were conducted using R (version 3#&nt)resultarepresented in Appendices 1 and 2.
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Tasks 13: Assessment of 2030 proposed minimum thresholds

This section provides amssessmerior each vetlandor bushland siten what effectmanaging levels

to the proposed2030 absolute minimum threshold water levels will have on the original site
management objectives and values as well as possible effects on species composition, key, priority or
threatmed species and existing ecohydrological stakelstief summary is providedh Table 2 that
providesthe key findings for eactsite. For eachsite, a description of past hydrological patteiss
provided with an emphasis on understanding psradcchanging hydrological regimes. summary

table is providedor eachsite detaiing the ecological consequences of the proposed changes on the
managemenbbjectives and values.

The summary tableT@ble2) also provides an assessment of whether the proposed chavgatert

level criteria will have a significant impact on the values of each site. The definition used to make these
assessments of a significant impact is provided in EPA (2018b). Téetipbfor a significant impact

on site values was assessed in tesims

a) the impact on values, sensitivity and quality of the environment

b) extent, intensity, duration, magnitude and geographic footprint of impact
c) consequences of impact

d) resilience of a syste to cope with impact

e) cumulative impact with other disturbances sasHand use

f) holistic impact on whole environment

g) confidence of predictions

h) public interest

These summaries are based on a thorough analysis of aguatic macroinvertebrate and wetland vegetation
data from systematic annualonitoring when available. Theeallts of these analyses are provided in
Appendix2, detaiing specificpatterns othange and predicted future effects for water quality, aquatic
macroinvertebrates and vegetatibtultivariate modelling using the vegetation and macroinvertebrate
monitoringdata was used to determine trends in compositional change throughout the svindsy p

and to understand which components of each community were shifting due to changing water levels.
These results are presented as biplots and regression coefficisninplbe respective appendices.
Historical elevation ranges determined duringwbgetation surveys are also presented in the respective
appendices and were used to assess the implications of future water levels on meeting the ecological
water requiremestfor some key wetland speci@fiese results provide a picture of how each wdtlan
community has changed in taxonomic composjtibow each species has responded to historical
changes in water levels and the likelihooke§ wetland vegetation speciesaiaing their ecological

water requirements in the futuigased on these resulessumptions were made as to

1) which species are likelip become more and less abundant given tleegtedgroundwater
regimes

2) the effect these responses will have raainta ni ng each site
objectives.

Within each site summary tabkejditionalvalues are suggested that reflect the current ecological status

of the site and proposed management objectives are assessed. When the prapagesnemt

objectves are unlikely to be achievable, suggestions are made thatwibt ect t he si teds
additionalvalues.
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Table2 Summary of ecological consequencepadposedhresholdlevelsin terms of compliance dftated site vaks and site management objectives at
wetlandsand bushland sitesn Gnangara groundwater systeAn assessment ofhetherthe proposed¢hanges to water level criteniepresent aignificant

effect(as defined by the Environmental Protecthuthority 201&) onthe original anchdditional valuesf each site is madéAssessments are only made for

additional valuegor sites where newdditional valuesre proposed inthisrepo@®r een shading indicates the sitebs o
nho predicted i mpact of the proposed threshol ds Redshadingindicatecsh e 6si bedgi amai
stated values wilbe lost6 i gni fi cant i mpact of the pysmapdvaledVAWA 19855ahdoNRE,s199¢)n t he si teds

Current Proposed Will site valueshe
Wetlandor ~ minimum level minimum level Ecological CONSequences retained by
bushland site criteria threshold 9 q proposed
(mAHD) (mAHD) threshold®
If levels at the lake are maintained above the proposed threshold levekett
will remain permanently inundated at similar levels as preferibng as watei Additional values
Lake 26.0 26.4 quality does not deteriorate from other causesgiing vegetation will persis Yes
Goollelal ‘ ‘ and provide habdtt for the current diversity of aquatic invertebrafBise site| Original values:
will continue acting as a drought refuge for water birds and provide impc Yes
habitat to important native fish species.
Managing levels to the proposed threshold will increase the current ext
surface water at the lake and maintain its current ecological and social
The additional valuesof Loch McNess have been impacted ksclihes in
groundwatethathave causd major shifts in vegetation and aquatic inverteb
communities. In particular, the unique assemblage of macroinvertebrates
within the lake has begpartly replaced bymore common taxa and nuisan
species. Declining water levels have also cdude disappearance d3.
Loch McNess 6.95 6.20 articulata, an important fringing macrophyte. Declining water levels

caused significant increases in nutrient levels and sustained low water le
likely to have serious consequences for an important population of R
lake levels increase from current minimum levels to the proptseshold
level, the rises beyond current water levels will not be sufficient to retrerse!
ecological shiftsand characteristicfeaturesand ecological processes of t
systemare utlikely to return.It is recommended that the current minimum |
criteria (6.95 mAHD) be retained for this site and the hydrological regi
restored.
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Lake
Yonderup

5.9

5.7

If current levels at the lake increase0 above the prop
macroinvertebrate community will likely remain stable and the higher |
may have beneficial effects for the surrounddankisawoodland and fringin
vegetation.The oncevery stable hydrological regime is nikely to return to
this wetland if the wetland remains roampliant with the curreri¥inisterial
criteria Nonetheless, the aquatic macroinvertebrate community has re
relatively stable in composition, a feeduikely to persist if further declisedo
not occur. Further declines in water level befor@8®fhay cause significal
changes in water quality, especially nitrogen levels, which may impact a
invertebrate communities beforeductions in abstractiotake effect andhe
proposedhreshoti can be achieved/egetation around the monitoring are
likely to remain impacted by exotic species and water stress.

Lake
Joondalup

15.8

16.2

Managing levels to thproposed thresholdill see water levels aintained at

levels higher than current levels. This will have a positive impact for frin

sedge vegetation and fish and bird habitat. There is the possibility Additional values
surrounding urbanisation may prevent existitegrestrial vegetatiorfrom Yes
migrating furherup-slopeas downslope environmeriscomevetter. This may  Original values:
eventually reduce the area available to terrestrial vegetation to colduntsent Yes
enrichment remains an issue for the lake and further increasasient levels

may cause a shift in ecglizal processes and change the character of the I
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Lake
Mariginiup

41.5(minimum  42.1(minimum

spring peak)

spring peak)

The pojected increase ircurrent water levelsdue to urbanisation in th
catchment anemplementation of the proposed (highernimum spring peak
may be sufficient to halt acidification of the lake. It is possible to restore
water quality of the lake, but this requires the sedimémtbave sufficient
capacity to buffer the acidificatn once revetted. Nonetheless, if acidificatic
cannot be reversed, the current assemblage of macroinvertebrates is li
persist. Thexpected increaseés groundwater levels will enhance the extef
habitat available to wading birdgVith the expeted increases to surface wa
levels, the entire distribution oE. rudis is likely to becomeseasonally
inundated.This may reverse the current trend of declining healtk.afudis
Prolonged inund&gon (> 3 years) willcause death oE. rudis individuals,
thereforeminimum summer levels shouldll below 41.7 mAHD (at least)
Given thepastdeclines in water level and the acidification that has occurre
is likely that the native fisR. olorumis locally extinct from the lake aridwill
not returnunless water quality is restored and g@snehowable tomigrate back
to the lakelt is predicted that fringing vegetatigparticularlyB. articulata will
undergo distributional changes as surfaeger levels increase.

Original values:
Yes

Lake
Jandabup

443

443

Acidification has caused decrease in richness of the aquatic macroinverte
communiy. Recent evidence suggests thaider the augmentation regime
acidification may havébeen halted however the wetland remains at risk
further aidification. Managing levels to theroposedthresholdis likely to
continuethis trend Otherwise, the predicted increases in surface water I
associated with managing levels to the proddlessholdvill have a beneficial
effect on native vegetatip sedges and wader bird habitat. Elevated nut|
levels may continue to remain a concern.

Additional values
Yes
Original values:
Yes

Lake
Nowergup

16.8(spring
peak)

16.0(summer
minimum)

Maintaining water levels above 16.0 mAHD represerpessiblelowering of
the current water level criterion, but an elevation above existing water I
Managing levels to the proposed threshold will increase the current ext
surface water at th@ke and maintain its current ecological and social val
Theplanned reductions in groundwater abstraction may increase the distri
of sedges, maintain deevater habitats, prevent further declines

macroinvetebraterichness andeduce the riskfoacidification The capacity of
this wetland to act as a drcatgrefuge for birdsand an important habitat fc
native fishwill be enhanced¢ompared to current water levels.
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Lake
Wilgarup

4.5

3.9

Lake Wilgarup, as a wetland, has been severely compromised by a comb
of declining groundwatdevels and fire. The site no longer resembles a we
and is dominated by terrestrial woodland vegetatManaging levels to th
proposedhreshold isunlikely to reverse theerrestrialisation of this sit&uture
management objectives should aim taimtain the wetland sediment proces
in order to restore new habitats.

Pipidinny
Swamp

1.6

11

Aquatic macroinvertebrate communities have been seriously compromit
Pipidinny Swamp due tpast declines inater levels. Althougmanaging levels
to the proposedthresholdwould meanlevels will be higher thanthey are
currently, this state will be ath lower than pr2000 levelsManaging levels tc
the proposed thresholés unlikely restore the aquatic macroinvertebr
communities towhat was once typical of the swamp, and exotic plants
remain a feature of the vegetation community. Nonethelédgyvels are
managed to the proposed threshdlithging vegetation is likely to persist ar
continue to provide habitat for aquatic fault is unlikely that the site will
provide habitat for the abundant bird populations that visited and residex
swamp prior to 2000.

Original values:

Yes but loss of

value as a bird
habitat

Lexia 186

47.2

46.5

A significant shift in hydrologicalegime has occurred at Lexia 186. The site
transformed from a seasonally waterloggdampland to a system whe
saturation of surface sediments no longer occurs. The site has retained t
richness of native spis and is still an important habiter fauna.Managing
levels to theproposed thresholis likely to maintain the systenm a state tha
currently exists.The proposed threshold will increase tiielihood of not
meeting the ecological water requirementsNbrpreissianaduring periodsof
low water. Maintaining water levels above 47.0 mAHD will reduce this ris
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Melaleuca
Park 173

50.2

48.5

Managing levels to thproposed threshold will see the wetland managed
state similar to what currently exists. The wetlaad shifted from a permanen
inundated wetland to a seasonally inundated dampland, hencédvetgeen
shifts in vegetatioand aquatic fauna. The site no longer provides habitat t
species, an important value of the wetland. Fringing vegetadidikaly to
continue shifting in composition as key wetland species are lost and
terrestrial species migrate dowtope.Aquatic fauna is likely to persist wit
much less diversity as available habitats are diminished and cl@amggdering
a higheminimum waterthresholdof 49.0 mAHD would ensure surface wat
occur every year artahlt, or even reverse, the terrestrialmabf the vegetatio
community.

Melaleuca
Park 78

65.1

64.7

Despite the dramatic diines in groundwater, the site still retains a high richr

of native vegetation species. Some wetland species have disappeared Bc

articulata, however,multivariate modelling predics that many key wetlant

species will remain at the site despite projecteddeclines in groundwate  Original values:
levels.Managing levels to thproposed threshold will retain many of the valt Yes

that currently exist at the sitBeak ground ater levels that reach 650%AHD

will alleviate water stress d¥l. preissianaat higher &vations of the sitand

may reverse the trend of declining health of these individuals

MM59B -
Whiteman
Park East

36.3

36.2

No longterm vegetation monitoring exists at this site. Current vegetatic

impacted by predation frombhits and despite the declining groundwater lev

the vegetation appears in good hedithnaging levels to theroposed threshols

will require waer levels to be substantially higher than current levels, sugge

the health of the woodland wilnprove. Woodland health will be maintaine  Original values:
by groundwater levelseing maintained within 5 m of the surface (36.2 mAH Yes
Although theproposed minimum tlessholdis unlikely to have an adverse effe

on the vegetation community at this site, sustdipredationfrom rabbitsis

disturbing phreatophytic vegetation and facilitating the establishment of inv

plants and diminishing the value of this woodland.
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PM9 - Pinjar
North

56.3

The declines projected to occur in groundwater at this witle make it
impossible for wetland species to exist. The projected changes sugges
levels will decline to more than 10 m below the surface. The understory is
to be dominated by drytal species (such @scacig. Banksiawoodlands ma
persist,but it is unlikely they will be dependent on groundwater and will
access to rainfall to meet their requirements. No vegetation data ha
considered in this determination. Therefore, thisteng Ministerial criteria leve
should be removed forithsite.

WML - Pinjar

55.7

53.7

If levels are managed to the proposed threshold, they would decline to mo
6 m below the surface, suggesting that this site will be less depend
groundwater. It is likely that changes in et@tion have occurred as the sit
currently dominaté by a dryland understory. RemainiBginksiaindividuals
appear in good health and may be meeting their water requirements from
and recent increased access to groundvastea result of highewater levels
since 2016However, further declines Banksiahealth are predicted given t
projected declines in groundwater levels.

WM2 -
Melaleuca
Park North

66.5

64.7

If levels are managed to the proposed threshold, they woclidel&o more tha
7 m below the surface, suggesting that this site will be less depend
groundwater. It is likely that changes in vegetation have occurred as the
currently dominaté by a dryland understory. RemainiBginksiaindividuals
appeain good health and may be meeting their water requirements from r
and recent increased access to groundveaterresult of a jump in water lev
in 2016 However,minimum water levelshave since been on a declini
trajectory andurther decline in Banksiahealth are predicted given theure
projected declines in groundwater levels.

WMS -
Melaleuca
Park

64.8

63.7

If levels are managed to the proposed threshold, they would decline to mo
7 m below the surface, suggest that this site will be less dependent
groundwater. It is likely that changes in vegetation have occurred as the
currently dominate by a dryland understory. RemainiBgnksiaindividuals
appear in good health and may be meeting their wegeinements from rainfa
and recent increased access to groundvestea result of higher water lev
since 2016 However,water levels have déned substantially in 20320 and
further declines inBanksia health are predicted given thature projected
declines in groundwater levels.
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Fringing vegetation along the margin of Lake Goollelal 2019.

Lake Goollelal

Lake Goollelal, located within the Yellagonga Regional Park, is recognised as an imypattriird
habitat and droughtefuge (Froend, et al20048) as well as habitat for the Swan River Goby
(Pseudogobiuslorum) and the Western Pygmy Perdbdglia vittatg Water Authority of Western
Australia (995)). The permanent deep waters found in the lake not only provide significant habitat for
fauna and fringing vegetatiobut also hold significant value as a place of public enjoyment. The lake
is surrounded by a highly urbanised area, witlth ofthe lake buffered by a belt of fringing vegetation
although some residencesaeart he | akeds mar gi n.

Current hydrological regim e

Surface water levels recorded at Lake Goollelal reveal peak levels generally occur between September
and November and lowest veatevels between March and Mayaple3). Annually, water levels have
consistently varied by about 0.7 m during this period. Since 1995, there has been a general trend of
decreasing surface water levels, although recent increames2016 show surface water at a similar
depth to 1990 leveld-{gure4). Surface water levels show similar trends to groundwater levels at a
nearby bore (61611870) &se lake is largely fed by groundwater. Although therentabsolute
minimum criteria of 26.0 mAHD has not been breached, it is likely thigeria is set too low as
acidification of waters in the lake is a concern (Quintero Vasquez and 20b8, Proposed changes

to the Ministerialcriteria include adopting a higherinimumthreshold level of 26.4 mAHD. Based on

the modelling, the proposed threshold can be met at 2030.
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Table3 Five-yearsummaries of surface water level data at Lake Goollelal recordtafa$162517

Period Meanmax seasona pMeanmin seasonal sg/laesacl)%al Mean max to
level (MAHD) level (MAHD) change (m) min (days)
08/1994i 07/1999 27.5 (Oct) 26.8 (May) 0.78 207
08/1999i 07/2004 27.5 (Sept) 26.7 (Mar) 0.80 206
08/2004i 07/2009 274 (Sept) 26.6 (Apr) 0.75 137
08/2009i 07/2014 27.2 (Oct) 26.5 (Apr) 0.73 190
08/2014i 07/2019 27.4 (Nov) 26.7 (Apr) 0.68 139
28.0 1

27.5 1

Water Level (mAHD)
N
~l
o

e

o p
26.5 5 “ ‘M Froposed
Current
260 e
1980 1990 2000 2010 2020
Year

Figure4 Surface water levels recorded at staff 6162517 for Lake Goollelal. Dotted line is it cur
Ministerial absolute minimum water lewaliteria Dashed line is the proposed 2030 minimum threshold

level.
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Implications of the proposed threshold

Groundwater modelling ohe plannedreductions in groundwatebstractiorprojectthat the current
hydrological regimef Lake Goollelakcan be maintaineddanaging levels ta minimum threshold of
26.4 mAHD (0.4 m higher than current threshold) will mirge the risk of acidification at Lake
Goollelal.If levels are managed to the proposed threshadetation composition is likely to remain
distinct across the elevations of the basin, \Bitharticulataand Lepidosperma gladiatumpersisting
along the l&ae margin. The richness of exotic plant species in the higher areas of the basin are likely to
persst or decline if surface water levels remain at, or greater than, present lieigeliserefordikely
thatthe predictedhigherpost2030 water leveldue to reduced abstractionill have a positive impact
onthe vegetation structure of the laemilarly, it is expected that the aquatic invertebrate community
will remain stable as fringing vegetation preserves habitat availability and ga#dity. The
continuationof higher than present water levetsombined with low nutrient concentrations, will
facilitatethe return of aquatic invertebrate assemblages t@@d& compositionsResearch suggests
that nuisance midges will not proliferateder conditions of higher water levels and decreased periods
of exposure of nutrient rich sediments to shalloates(Lund and GonzalePinto, 2016)

Managing levels to the propos#atteshold will likely maintain ecological conditiorsgmilar © the
preseniTable4). The most important impact ofianaging to th¢hreshold is that it will enge water

levels remain at, or higher than, present levels which has positive implications for habitat availability
and risk of acidificationMaintainingpermanent water will ensure that Lake Goollelal acts as a drought
refuge forwater birdswith seasoal fluctuations in water levels ensuring feeding habitats are available

for waders during the summer months. The preservation of fringing vegetation, submerged macrophytes
and deep water will also ensure the wetland continoesipport important nativesth speciesR.

olorum and E. vittatg, a feature becoming rarer among wetlands in the Swan Coastal Plain.
Conservation of these values will maintain the site as a place for public enjoyment and maintain the
current landscapeareenity values.
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Table 4 Ecological consequences pfoposed 2030 minimurthreshold(26.4 mAHD) in terms of compliance of stated site values and site management

objectives at Lake Goollelaet for the current absolute minimum Mieigal criteria (26.0 mAHD)Future compliance assessments are based on current

understandings of the hydrological influences on flora and fauna. They do not include future exogenous factors (likeepeltigiointroduction of exotic

plants or animalshat might or might not occum the future and affect these compliance estimatidhdditionalvalueé r ef er s t o addi t i
that were not originally recognized, and that might now be regarded as features worth managing to protect.
Values and
. objectives
Likely effect of 2030proposedhreshold(26.4 mAHD) maintained in
future

Site values(WAWA, 1995)

Water birdhabitat and drought refuge Permanent water will ensure site as drought refuge. Seasonal variation in Likel
levels will preserve feeding habitats y

Suports good populations of native fish speci Maintenance of deep waters, fringing vegetation, submerged macrophytes an

Swan River gobyRseudogobius olorupand the quality will ensure the wetland remains arpiontant habitat for these fish specie Likely

western pygmy perche@elia vittatg

Site management objective§WAWA, 1995)

Conservation and public enjoyment of natu Fringing vegetation and woodlands will rembialthy and the site will continue -

and modified landscapes provide habita for fauna. The site will continue to remain a place of pu Likely
enjoyment.

Protect andf possiblegnhance fringing wetlan: Maintenance of suaice water levels at, or slightly higher than, curtewmels will

vegetation including woodland and sed ensure that woodland and sedge vegetatgmnain healthy. The distribution o Likely

vegetation sedges may increase slightly

Maintain permanent, deep water foater bird Managing to the proposed threshold level woeridure that permanent and de

habitat and as a drought refuge water will remain a feature of the wetland. The capacity of the wetland to ac Likely
drought refuge will continue.

Maintain permanent watefor fish and other Managing to the proposed threshold levelwd ensure that permanent and de

dependent species water will remain a feature of the wetland. Permanent water will preserve Likely

habitat and water quality.
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Maintain thelandscape amenity values of t

Healthy vegetation and abundant bird life will remaifeature of the wetland

wetland water levels are sustained at current levels, ensuring the amenity values Likely
wetland.

Additional values

Aquaticmacronvertebrate values Healthy populations of the glass shrifdglaemonetes australis Likely

Proposed site management objectives

Maintain permanent surface water for fat Managing to the proposed threshold level waeridure permanent surface wate!

habitat and visual amenity the site which will continue to provide faunal habitat and protectitumhamenity Likely
of the lake.

Maintain fringing vegetation Permanent inundation of this site will ensure that fringing vegetatiorcavilinue .

. . ) Likely

to occupy available habitat at the site.

Minimise risk of acidification and nuisanc The projected changes to groundwater levels will reduce the risk of acidificati

midge prolifeation ensuring sediments remain wet. Unpublished researggests that nuisance midc Likely

will not proliferate under conditions of higher water levels and decreased pefri
shallow water over sediments.
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Surface waters in the southern reach of Loch McNess 2019

Loch McNess

Loch McNess, located in Yanchep National Park, is a relatively undisturbed wetland with large areas
of intact Herdsman Complex vegetation. Taieewas regarded as havinglatively good water quality

having provided an important habitat for water birdadiother aquatic fauna (Froend, et 2004).
Permanent water is required to support a local Rakgiiromys chrysogastgandterrestrial habitat

is important for the nativBush rat(Rattus fuscipggopulation(Mcllduff, et al., 2014as well as both
resident and visiting populations of waterbirds and waders. The southern lake at Loch McNess is one
of the few wetlands known to contain the nightfbstakia porosaandhas one of theéchestaquatic
macroinvertebrate communities of the Swan Coastal Ptéanwitz et al. 2009) Loch McNesshas
previouslybeen avetland of high conservation value becausisahtact vegetation, largely unaltered
aquatic processes and important populationfaofa (Froend, et al20047). Dramatic declines in
surface water levels since 200ave likelyaffected the conservation valueistiois wetland.

Hydrology

Surface watetevelswere remarkably stable before 2003 ahAHD andhave declined at least 1.5 m

to present levels. These declines have been mirrored in surroundingfguesg). Meanmaximum
andminimum seasonal water levels have declibg 0.9 m since 1992004 levelg Table5). Changes

in seasonal patterns are difficult to interpret due tfi geuge 6162564 being mostly dry since 2014,
but during the period 2062014, minimum water levels were not being reached until May, compared
to March in the decade 192004. A recent increase in water level, as seen in surrounding wetlands
during the Iat few seasons, has not been observed at Locheb&athough monitoring suggests
groundvater levels have stabilised ihe last few years (M. Hammond, pers. comml)e dramatic
decline in water levels is causing the terrestrialisation of the lake as ofiuble lakebedis now
undergoing recruitment biyinging vegetationSubstantial parts of thekebedare now covered by
floating beds of rushes and sedges. Open water consists of a very shallow layer of clear water on top of
very deep unconsolidated sewints.

The lake has been n@ompliant withMinisterial water levetriteriasince 2003 and water levels are
now approximately 1.0 m belowhe criteron. Modelling of groundwater levels undgtanned
abstraction reductionmrojects that there will not kmufficient increases in groundwatiewvel to make
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this wetland compliant with existingiteria Under the new plan, a proposed threshold of 8.0 mAHD

at bore 61612104 will satisfy the proposed threshold of surface water in the lake at 6.2 mAHD (0.75 m
below existingeriterion). This will result in waterdvels being similato 2010 levelsvhich are nore

than 0.3 m higher than current levels.

Prior to 2006 water flowed through the lake from springsd thelakebedand outflowed along the
western marginEvapotranspiration from the lake and its vegetatiomd be sufficient to account for

minor seasoal fluctuations; the increased amplitude of seasonal variations experienced in recent years
mirrors more closely the fluctuations of the groundwafeetschmer andelsey (2016) suggest that
spillover alongte | ak e ds we s tcavesrand makaig) aquifer pravibusly controlled
maximum water levelén the past However,due todeclining inflows associatedvith a sustained
declinein water tabledepth, inflow has been reducsufficiently below outflowlevels and hence lake
surface watelevels have decline(Kretschmer and Kelse3016) An alternative hypothesgsuggests

that the karst barrier on the western/southern side of the lake, which has maintained constant water
levels, has been breached, prdpalue to an evertelated erosionMuirden pers comm.).
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Table5 Five-yearsummaries of surface water level dath@th McNessNo data is available for the
20142019 period due to the staff gauge being dry.

Meanmin
Period Meanmax seasona seasonal Mean seasonal Mean max to

change (m min (days

level (MAHD) level (MAHD) ge (m) (days)
08/1994i 07/1999 7.1 Sep 7.0(Mar) 0.11 123
08/1999i 07/2004 7.1(Jul) 6.9 (Mar) 0.12 91
08/2004i 07/2009 7.0(Jun 6.8(Fe 021 131
08/2009i 07/2014 6.5(Oct) 6.2 (May) 0.31 229
08/2014i 07/2019 NA NA NA NA
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Figure5 Ground and surface water levels recorded at bore 61612104 (red) and staff gauge 6162564
(blue) that represent changes in water levels at Loch McNess. Diokeid the currenMinisterial
criteriawater level for surface water at the staff gauge. Dashed are proposed thresholds for the

staff gauge and bor&ince 2015water levels for the staff gaudmve consistently been below the
minimum reading of @5 MmAHD. These observationtierefore underestimate the decline in surface
waterlevels since 201Which arelikely to have continued to decline asbwerratethanas before
2014.Accordingly, the water levels in Loch McNess shobleshowing acontinuel decline in recent
yearsmuch like the borevhich suggesta slower rate of decline and possible stabilisation since.2018
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Implications of the proposed threshold

The unique hydrogeology of this system that onastainedstablewater levels high inflow and low
nutrientlevelshas been compromised/ithout the reestablishment of these hydrogeological drivers,
the risk ofeutrophication idikely to increase as the lake transitiansayfrom asygem that is well
flushed from high inflowto one ofshallowe nutrient enriched wars Despite representing an
improvemenn the current state (2018panaging the lake at the proposed threshold (0.75 m below
the currentcriterid) will not reversahe deterioration of site values at Loch McN€Bable 6). The
proposed threshold wiknsureconditionssimilar to the 2011/season recorded Kyetschmer and
Kelsey (2016)whereby less than ofthird of the lake area was inundated with shajlawbid wate.
Coverageof large areas of once inuaigtdlakebedwill continue,open water above metaphytaiil
become shallowenutrient levels may stay elevated and important habitats for Rakali may be lost.

The characteristic stable water levels have been severely disrupted by a changing hydregmgieal r

and the proposed threshold will not manage surface water at a sufficient level to return to this state.
Altered ecological processes haakeady causedshifts in nutrient levels and the composition of
macroinvertebrate assemblagé&yen with the pedicted rises in levels associated with planned
reductions to abstractipnt is unlikely that the macroinvertebratecommunity will return to
compositions simdr to pre2008 Again,the valuesf Loch McNessas stated in WAWA (1995 re

unlikely to returnto normal given the proposed lowering of threshold levels.
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Table6 Ecological consequences of proposed 2030 minimum thregh@ithAHD) in terms of compliance of stated site values and site management objectives
atLoch McNessset for the current absolute minimum Ministerial crite@8@®%mAHD). Future compliance assessments are based on current understandings
of the hydrological ifluences on flora and fauna. They do not include future exogenous factors (like pollution ietremtsction of exotic plants or animals)

that might or might not occur in the future and affect these compliance estimafdiditional values refers to additional wetland features that were not
originally recognized, and that might now be regardef@atures worth managing to protd®ed shadingndicates sitealues that have been I¢abt currently
characteristic of the sitelhd managemewbjectives thaarenot currentlybeing achieved.

Values and objective:
Likely effect of 203Qproposedhreshold(6.2 mAHD) maintained in future

Site values (WAWA, 1995)

Sustained low water levels will continue to causshdt in vegetation composition as on
inundated regions of the lake become terrestrialiseccovered by floatingmats The
disappearance @&. articulata an important fringing sedgalong much of the southern mar
of the lakemarks a significant clmge in composition of the wetland vegetation.

Surface water levels appeared &ach a tipping point in 2003. There has been signifi
Unusual hydrologic regime disruption of once stable water levels whiark not projected taeturn to normalinder reduce
abstraction

Declining water levelfavenot changedhe richness of thaquatic invertebrate assemblay
However, there has beershift in the composition of the assemblaljianaging water level
Rich aquatic fauna above the minimunproposed thresholdthay prevent the assemblage returning to-20€3 Disrupted
composition, and instead wilkely maintainan assemblage composednobrecommon taxa
and nuisance ggies.The fate of the nightfish population is currently unknown.

The health of fringing\. rhaphiophyllaand E. rudis appeas good, despite the lower wat
levels. Carex fascicularis M. rhaphiophyllaand Triglochin centrocarpaare likely to have
Vegetation largely intact, reduced distributions/abundance compared to historical Batamea junceavill increase in
provides a range of habitat type abundance as its distributibrasextenad downslopelLoss ofB. articulatawill alter fringing
fauna habitatFire events, including the recent 2019 summer fire, are likely to have img
vegetation compositio.ossof islands in lake magffectthe Rakali population.

Undisturbed wetland

Likely
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Supports googopulations of Managing levels to the propos#deshold will sustairslightly deepepermanent water at th
water birds and acts as a droug sitecompared to current levelBermanent water is fundamal to the lake acting as a droug Likely
refuge refuge forbirds.

The altered hydrological regime of the lake wibk be sufficiently reversed if levels are mana
to the proposed thresholdhis will prevent the lake returning state of high inflow tha
maintains low nutrienlevels due to the low residence time of the water. Instead, highe
normal nutrient levels will persist, and the lake may be at risk of eutrophication.

Excellent water quality

Site management objectives (WAWA, 1995)

The environmental qualities that characterized the lake will not be maintained; instea
reasonable supposition that they will change unlesbytimlogical regimes of the past are
instated.

Maintain the environmental
quality of the lak

An erosion of the buffering capacity of the wetland system has been detected, probabl
Mai nt ai n Nor t h drying and rewetting regimesgven though levels maintained at above the current one
pristine state reduce the frequency of these cyclasidification of this wetlandsipossibleunder propose
threshold.

The deep unconsolidated sediments and floating mats make the wetland treacherou
form of in-lake recreation. The use of the popular walkingkiexound the lake will not chang
however exposed sediments may make it less appealing.

Continue to use south Loch
McNess for low key recreation

Maintain east Loch McNess in ¢ No data.
natural state, to restore, where Unknown
possible, natural flow

The loss 6stable water levels (once a characteristic of the lake) has deteriorated to th
Maintain the existing where water levels have declined more than 1.0 m and are susceptible to further declin
hydrological regime a drying climate despite theroposedthreshold.In-lake evapo@nspiratbn as the domina
contributor to seasonal fluctuations has been lost.

Additional site values

Rakali Hydromys chrysogasteand bush ratRattus fuscipgsnhabit the Loch McNess regiol
Maintaining fringirg habitat and island refuges will ensure important habitats remain ava Likely
Other measures may need to be considered, including predator control.

Important habitat for native
mammals
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Aquatic macroinvertebrates

Only monitored wetlad on theGnangara groundwater systémhave a pogation of simuliid
blackfly

Likely

Proposed site management objectives

Increase surface area of
permanent water for fauna
habitat and visual amenity

Managing water levels to the proposeuleshold will increase the current surface aree
permanent war and ensure at least 1/3 of the lake will remain inundated. However, th
water levels will not return the lake to the previous extent and conditions. These low wate
have alreadgeverely shifted ecological processes in the lake. Continuattibrese low wate!
levels will continue to impact faunal habitat, particularly for Rakali. It is possible visiting
assemblages will shift from diving birds to waders. Visual amenity matyimprove as
vegetation continues to encroach into the laketretsurface water remains obscured from v
from visitors to the park.

Likely (slight
improvement on
current conditions)

Maintain healthy, intact fringing
vegetation

There has been a marked declinairarticulataat the site and it is possible thaistabsent
from the wetland all together now. Fringing vegetation is how dominatdcepigosperma
gladiatumandE. rudis The projected changes in water levels willleaspermanent water
the site and maintain fringing vegetation stands, however inligely B. articulata will
reestablish.

Very likely
(continued absence
B. articulatg

Maintain diverse habitat types
and excellent water quality

Maintaining water levels at 1/3 of the normal coverage will continue to negatively impa
diversity andavailability of habitats. These effects have already been observed in the dr
shift in the aquatic macroinvertebrate assemblages. It is ynltkalt the previously rict
consortium of habitats will return under the projected changes. Furthermooacthexcelleni
water quality of the site depended upon the low residence time of the water as inflow and
were sufficiently high to maintainigh flushing rates and low nutrient levels. This process
continue to be disrupted even if levels Ease to the propose threshold and high nutrient le
will remain a concern.

Nonetheless, the wetleveloped sedge habitats will ensure some diyesEhabitats for aquatis
fauna and limit nutrient ruoff into the lake.

Likely (but not to the
degree tht once
typified this lake)

29



Fringing vegetation along the margin of Lake Yonderup 2019

Lake Yonderup

Located to the south of LodiicNess and north of Lake Wilgarup in Yanchep National Park, Lake
Yonderup has a high conservation value as it represetdasgely undisturbed wetland with high
macroinvertebrate richness and excellent water quality. The permanently filled lake is dependen
groundwater to maintain habitats and biophysical processes (Feteig2004a). Like other lakes in

the region, Lake Yonderup has experienced a consistent decline in surface water levels that has affected
the condition and health of fringing vegetation and aquatic processes. A figéfatsed the fringing
vegetation in 2004005 (Rogan et al.2006. Permanent water is required to support a local Rakali
(Hydromys chrysogasteand terrestrial habitat is important for the native BushRatt(is fuscipgs
population (Mcllduff, et al., 2014) The hydrological processes sustainimgater levelsat Lake
Yonderuphave been compromisgdrobablyfrom the same processessponsible for the decline in
water levels atoch McNess.

Hydrology

There has been a continual decline in surface water levefafigauge 6162565 since 1994. Prior to
1994, water levels were relatively stable at 6 mAHD but have since declined to approximately 5.3
mAHD (Figure7). Unlike many ober wetlands in the Gnangara aréaré has been mecentincrease

in surface water levelassociatedvith the higher rainfall in 2017 and 2018/ean maximum and
minimum seasonal water levels have only declined 0.2 and 0.3 m, respectively froit099%vels
(Table7). There has been n&ara fourfold increase in seasonal water level variation and waters are
generally now in decline for more than 200 days a year. bidie 61611840 is located near the
vegetation transects and represents the groundwater levelsSinprdicial aquifer thathe vegetation

at the transect is utilising. There has been a similar decline in groundwater levels at this bore until 2017,
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althaugh observations have only been recorded since 2008. Therefore surface water levels are used to
assess changes in vegetatamsurface water is an expression of $tiperficial aquifer and show

similar trends (Froend, et a2004p). The currenMinisterial minimumcriteriais 5.9 mAHD while the

2030 proposed threshold is 5.7 mAHD. The lake been nenomplant with the currentriteriasince

about 2004The decline in surface waters mirrors what has been observed at Loch MitResgh it

is not clear whethghe same hydrological processes@reurring at Lake Yonderup and Loch McNess

(see Loch McNess section for discussi@light increases in surfaavater levels are required to meet

the proposed threshold.

Implications of the proposed threshold

Managing the lake at the proposed threstedimay alleviate some of the effects eftining surface

waters at Lake Yonderyfpable8). Like Loch McNess, the remarkably stable surface water levels were

a feature of this wetland and have now been compromised by declining water levels and increased
seasoml variation(Table7). There are indications that water quality has begun to shift because of the
declining water levels. Nonetheless, if managed to the proposed threshold, it is unlikely the lake will be
at risk of acidificéion given that water levels are projected to be &ighan current. The projected
higher water levels may also have a positive impact on the nutrient status of the lake and may reverse
the current trend of increasing nitrogen in the water.

The projectedwater levels mayalsoimprove the cover abundancek roany native plant species;
however, it is unknown whether the proposed increases in surface water are sufficient to achieve this.
For instance, many natives, includiBgnksia attenuatandMelaleuca peissiana are predicted here

to decline further in@ver abundancén fact,B. attenuataandM. preissianéhave already disappeared

from the monitoring transect, while stands MElaleuca rhaphiophyllaare unhealthy(Figure 6).
Managing to the proposed threshold will maintain these key species in a state of stress as they will have
to continue surviving towards the maximum defaifwater levels they can toleratés no vegetation
transects exist arn only e specllatekl ¢hét svithontanygeffort,to redice the
seasonal variation in surface water levels to the small fluctuations characteristic of the lake before 2004,
fringing vegetation will be dominated by sedges capable of surviving periods withfadeswagr.

Managing to the proposed threshold will ensure macroinvertebrate habitat persists and may halt the
decline in family richness currently being observed. Although, the increased variability in water levels
may change the nature of habitats aldi& to guatic macroinvertebrates and therefore a shift in
assemblage composition may occur. On the other hand, habitat currently unavailable due to low water
levels may become available again and restore some of the recently lost diversity.

Figure6 A vegetation monitoring plot at Lake Yonderup in November 2010 (left) and September
2018 (right). Note the increase in cover of invasive grasses and decline of canopy condition
throughout the period. Source (Bulkdral 2019).
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Table7 Five-yearsummaries of surface water level dathake Yonderup

Meanmax seasonal Meanmin
Period seasonal Mer?n sea(so)nal Me_an(;nax )to
change (m min (days
level (MAHD) level (MAHD) g y
08/1994i 07/1999 6.0 Aug) 5.9(Sep 0.07 82
08/199971 07/2004 6.0 Sep 5.9(Feb 0.06 144
08/2004i 07/2009 5.9(Apr) 5.9(Apr) 0.06 130
08/20091 07/2014 5.9(Sep 5.7 (Apr) 0.19 212
08/2014i 07/2019 5.8(Sep 5.6 (Mar) 0.25 218
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Figure7 Surface water levels recordetisdaff gauge 6162565 for Lake Yonderimtted line is the
currentMinisterial absolute minimum water leveiteria Dashed line is the proposed 2030 minimum
threshold level.
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Table8 Ecological consequences of proposed minimrashold $.7 mAHD) in terms of compliance of stated site values and site management objectives at
Lake Yonderugset for the current absolute minimum Ministerial crite® MAHD). Future compliance assessments are based on current understandings of

the hydrological influences on flora and fauna. They do not include future exogenous factors (like pollutionrgvedistion of exotic plants or animals)

that might or might not occur in the future and affect these compliance estimafioioiétional vallesds r ef ers t o additi onal
originally recognized, and that might now be regardddatsires worth managing to protdeed shading indicates site values that have been lost (not currently
characteristic of the site) and managat objectives that are not currently being achieved.

Values and objectives

Likely effect of 2030 proposeatinimumthreshold 5.7 mAHD) maintained in future

Site values (WAWA, 1995)

High ecological values due to
undisturbed nature

Terrestrial region®f the site are currently dominated by exotic vegetation,
concerning declines in key native species. Further declines will exacerb
decline of native vegetation. Native speaes unlikely tobecome more abunda
post 2030if projectedhigher water levels are achievegased on multivariat
modelling (Appendix 2)Continuation of stable water quality and low nutrient s
are likely to maintain the current composition of aquatic macroinverteb
Managing to theproposed threshold increaste likelihood of maintaining thi
distinctive community. The stable dplogical regime is unlikely to return.

Rich invertebrate fauna

Higher than present surface waters, combined with maintenance of water
conditions are likely to have aogitive impact on aquatic macroinvertebr:
assemblages. There has not beerolagserved dramatic shifh the assemblage
structurein spring moitoring since 1996.

Likely

Excellent water quality

Sustaining surface waters greater than current levels méthn the risk d
acidificationwill remainlow. There are indications that nutrient levels may be
the rise and any further declines in water level be?®&0may cause shifts in th
ecosystem functioning of the lake.

Likely - dependent on nc
further de&ines in water
levels before 280

Undistubed hydrologic regime and lack
of seasonal variation

Seasonal variation has increased with declining water leMglsvalue can only b
maintainedif the hydrological controls in the wetland areinstated asdr Loch
McNess
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Banksiawoodland <8m depth to
groundwater

The wetland remains an importaBt littoralis and M. rhaphiophylawoodland.
Monitoring suggests these plants are unhealthy due to their ecological
requirements not being méthereare currently few maturB. littoralis at the site
and only a few, albeit healthy, seedlings in the transect. Mature woodlan
destoyed by bushfire in 2004/05 and has not since recove¥edther sever
bushfire also recently burnt through the wetlamdecember2019 and this will
further limit recoveryOther members of this community have disappeared fro
wetland, includingBanksia attenuatandMelaleuca preissianaAchieving water
levels higher than current levels withprove but not guarante the chances o
recruitment andegeneration Currently, wetland vegetation is under competit
from Eucalyptus gomphocephala

Site management objectives (WAWA, 1995)

Maintain the environmental quality of tr
lake

Many exotic vegetation species are likely to persist, particularly if water le
decline further beforabstradbn is reduced prior to 2030 nutrient levels remair Likely
low, it is likely that thecurrentaquatic invertebrate assemblage wélsist

Maintain the existing hydrological
regime

The hydrological regime has been disrupted since the 2003 declsw$aice wate
levels. In particular, the lack of seasonal variati@s a key feature of this wetla
that is unlikely to return

Additional values

Important habitat for nate mammals

Rakali Hydromys chrysogasteand bush ratRattus fuscipg inhabit the Lake

Yonderup regionMaintaining fringing vegetation will ensure important habit :

. . : ; : Likely
remain available. Other measures may need to be considered, including p
control.

Low nutrient status of waters

Water quality monitoring ovethe last 20 successive years in spring has reve

consistently low concentrations of dissolved and total phosphorus and nitrog Likely

Proposed site managementdbjectives

Increase surface area of permanent we
for fauna habitat

Although the projeted changes are an improvement on the current hydrolc

state of the lake, they are not sufficient to return to the lake tb99@ levels before

water levels delined markedly. Managing the lake at the proposed threshold:s Likely
ensure permanent watand habitat for aquatic fauna, albeit at a lesser exte

what was once characteristic of the wetland.
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Maintain intact, undisturbed fringing
vegetation

There has been a marked declindaumea junceand Lepidospermaladiatum
which has alterethe composition of fringing vegetation. The projected increas:
water levels are unlikely to restore this aspect of the vegetation (at least
monitoring transect). This is particularly true fist. rhaphiophyllawhich will

continue to experience ¥ levels approaching the maximum depths that
tolerable for that species. The northern region of the lake is still relat
undisturbed (Bulleret al. 2019) and the projected changes of water levels

ensure that fringing vegetation remains intddte recent bushfire in Decemb
2019 may have severely impacted regions of intact vegetation which may fax
further invasion of exotic species.

Likely i at least for the
northern region

Maintain diverse habitat types and
excellent water quality

There is evidence that the lower than normal water levels, probably caus
reduced inflow, are causing nutrient levels in the wetlanihdease. Under th
projected changes to water levels it is possible that nutrient levels will rett
normal. Eleveéed levels of nutrients are currently causing significant shift:
ecological processes and the composition of aquatic faunal commuAjiestic
macroinvertebrate richness is already declining due to low water levels.
Nonetheless, sedges are likely tergist, probably at a greater distribution tr
currently. These sedges will enhance the diversity of habitats available to €
faunaand protect water quality by acting as a buffer betweerofuand surface
water.

Likely
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Fringing vegetation anevoodland vegetation at Lake Joondalup 2019

Lake Joondalup

At 611.5 ha, Lake Joondalup is the largest monitevetland and is managed by the Department of
Biodiversity, Conservation and Attractioasd the Cities of Joondalup and Wannerbloe lake is an
important habitat and drought refuge for water birds, and in conjunction with Lake Goollelal, is
managed to supt the full range of avian habitats (Water Authority of Western AusttEdia5). Other
management objgives include the conservation of diverse wetland vegetation communities, including
sedge beds, fringing woodids and aquatic macrophytes, and the maintenance or enhancement of
aquatic fauna in the lake. Lake Joondalup supports an important populaRygroy PerchEdelia

vittata) and Swan River Gobyé&eudogobius olorunand the fringing woodlands and bushlang@port

a variety of significant mammal species.

Hydrology

Lake Joondalup has remained permanently inundated at the staff gauge since 19&& @taivy

2009. However, vast regions of the basin dry most summergendde habitat for visiting water

birds. Recent monitoring of surface water levels at the staff gauge 6162572 remained relatively stable
from 2002 but have been increasing from 16.4 mAHD to approximately 17.2 mAHD in BLog

8). Fiveyear summaries of hydrological regimes at Lake Joondalup also reveal the higher mean
minimum and maximum surface water levels in titedt period compared to earlier pesioas well as

an increase in the number of days to reach seasonal minimum water Tealgts9j. Historically,
groundwater levels at monitoring bore 61610661 declsiguaificantly by 1.2 mrom 1970 to 2002.
Currently, groundwater levels at this bore, as well as bore 61611423 (likely to better reflect lake surface
water variation), have been increasing since 2015 to lékelthe early 1990s.
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Table9 Five-yearsummaris of surface water level datalatke Joondalup

Meanmax seasonal Meanmin M M i
Period seasonal fﬁ:nze;a(srg;a ean( CT;?/);)tO min
level (MAHD) level (MAHD)

08/1994i 07/1999 17.2(Sep 16.2(Apr) 0.96 213
08/1999i 07/2004 17.0(OcY) 16.1(Apr) 0.92 179
08/2004i 07/2009 16.9 (Oct) 16.1(Apr) 0.79 181
08/2009i 07/2014 16.9 (Oct) 16.1(Mar) 0.82 173
08/2014i 07/2019 17.2(Oct) 16.5(Apr) 0.68 206
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Figure 8 Surface water levels recorded at staff gauge 6162572 f@& laondalupDotted line is the
currentMinisterial absolute minimum water levaiteria Dashed line is the proposed 2030 minimum
threshold level.
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Implications of the proposed threshold

Thewater levels in the vicinity of Lake Joondalup arejected to increase up to 2.1 m by 2030 from

2013 levelslargely due to land use change and associated changes in groundwater use in East
Wanneroo This increase in water level will continue thisingt r end bei ng observed
surface water levels sia015. Maintaining surface water levels above 16.2 mAHD at staff 6162572
will ensure permanent water habitat for fauna and flora and shah@menityof the aregTable 10).

The diverse macrophytes inhabititige lower elevatins of the basimare likely to persist and continue

to provide a rich habitabf aquatic invertebrates. Although important native macrophytes and wetland
species are likely to continue at relatively high cover abundances under the future scenariae there ar
some native species that are likely to decrease in cover abundance oeatisdpgs group mainly
includesAcaciaandBanksiaspecies which provide important habitat for faunasigpe of the lake.
Further vegetation monitoring is required at theseswats to determine vegetation compositional
changes since 2015 to understdrttie trajectory in compositional change is continuing.

Typhiaorientalis stands in Lake Joondalup 2019
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Table 10 Ecological consequences of propog&80 minimum thresholdl6.2 mAHD) in terms of compliance of stated site values and site management
objectives at Lakdoondalugset for the current absolute minimum Ministerial critetia.§mAHD). Assessments of whether the values and objectives will be

met under the revised thtesddsare based on current understandings of the hydrological influences on flora and fauna. They do not include future exogenous
factors (like pollution events, introduction of exotic plants or animals) that might or migbtoat in the future and affethese compliance estimations.

fAdditional values ref ers to additi onal wetl and features that
protect.

wer e maragingtoi gi nal

Likely effect of 2030 propogseminimumthreshold {6.2mAHD)

Values and objectives
maintained in future

Site values (WAWA, 1995)

Water bird habitat and drought refugr Managing levels to the proposed threshail ensure the site remains an importz
water bird habitat. Thprojectedincreasen levelswill ensure the lake is permanen

inundated, which will ensure the lake is a drought refuge for water birds. Se: Very likely
variation in surface water height will also ensure expansive mudflats, an imp
feeding habitat for many vigitg birds, remain.
Diverse range of macrophytes The current diversity of macrophytes, includily articulatg B. junceaand L.
longitudinale will continue. There is the possibility of these species extending Very likely
current terrestrialegionsof the lake.
Site management objectives (WAWA, 1995)
Conservation and public enjoyment ¢ The wetland should retain the current natural and modified assets. :
. Very likely
natural and modified landscapes
Conserve existingvetland vegetation, Managing levels to the proposed thresheitl ensure the current wetland at a st;
including sedge beds, fringing similar to 2015. It is possible th#te piojectedincreases in groundwater levels w Very likely
woodland and aquatic macrophytes extendtherange¢ofhese speci es around the | al

Aquatic vertebrates, including native fish, are likely to persist in the lake, given t
permanent inundation will remairf@ature of the lake. Although acidification is
Maintain and if possible, enhance th¢ unlikely, there are issues around water quality and nutrient enrichment. If nutrier
aquatic fauna of the lake continue to rise, local extinctions of fish populations may occur. There are alreau
unusual trends in macroinvertebratgetsity occurring which may be early warning
of significant ecological shifts that may occur due to nutrient enrichment
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In conjunction with Lakeéoollelal, to
support the full rangefdabitats for

The maintenance of permanent surface water and wetland vegetation will cont
provide a diverse habitat for different avian species. Extensive mudflats should cc

avian fauna to formduring periods of low water level, which areabn important feeding habit: Very likely
for birds.

Ensure the landscape and amenity The most significant threat to e values is likely to be changes to the wateity.

values of the lake are maintained, = High water levels combined with high temperatures could trigger algal blooms n

except under very low rainfall climatic seen at the wetland. Macroinvertebrate assemblages are also changing and a r Unknown

conditions of aquatic insect families ispring sampling suggests an as yet undiagnosger\
quality problem.

Additional values

Supports an important population of Maintaining deep and permanent waters will ensure these native fish species rel

Pygmy PerchEdelia vittatg and important conponent of Lake Joondalup. Invasive fish, suclGambusiaholbrooki Likel

Swan River GobyHseudogobius andCyprinus carpioremain in the lakendpotentially increase competition with tf y

olorum) native species for resourcaadtheir eradicatiorshould beconsidered

Aquatic macroinvertefates Healthy populations of the glass shrifdiglaemonetes australis Likely

Proposed site management objectives

Maintain permanent water for fauna Managing levels to the proposed threshatd.ake Joondalup will ensure rpganent

habitat and for visual amenity water in the basin, protect a diverse array of habitats for aquatic fauna and main Likely
visual amenity of the site.

Maintaindiverse aquatic plants and It is predicted that the high diversity of aquatic plants ambiing vegetation will

fringing vegetation persist at the site under the projected changes to water levels. It is likely that th Likel
abundance dB. articulatawill remain at the current levels, or even increase, giver y
projected increases in surface water levels

Minimise risk of acidification The projected higher water levels will further reduce the risk of acidification. Likely
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Baumea stands in Lake Mariginiup 2019

Lake Mariginiup

Lake Mariginiup has a high conservation value as a groundwater dependamdwé&tloend, et al.,
2004p). There areseveralwader birds present at the lake that require the shallow water during the
summer for feeding, however, high water levels are required in winter to prevent vegetation
encrozhment into these habitaastdeclines in surface and groundwater has likely dirahed this
important component of the system. Sediment processes have been alsexdichasts dry and crack

and water quality deterioeddue to acidification (Judd ardorwitz, 2019.

Hydrology

Since 1997, Lake Maginiup has frequently dried or been dry at the staff gauge 6162577 during the
summer. Interpretations of seasonal patterns therefore need to be made with caution andt ferhaps
more reliable to use groundwater levels at the nearby bore 616100685 agya(fpgure 9).
Nonetheless, mean seaabmaximum water levels have declined from 42.0 m to 41.4 m since the
19941999 period Table11). Maximum water levels usually occur in September/October. There has
beera recent increase in groundwater level since 2015 which has caused maximum spring surface levels
to increaselLand use change and associatednges ifocal abstractio as the arehecomes urbanised
areexpectedo cause arncreasen local groungvater evelsof up t03.9 m according to groundwater
modelling resultsThe expected levels wouldeet aminimum peakhreshold level of 42.1 mAHRnd

result inlevels highethan hae been recorded during tleeologicalmonitoring program.
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Table11 Five-yearsummaries of surface water level datd ate Mariginiup. Minimum water levels
should be treated with caution as the staff g&iig2577 has frequén been dry since 2000.

_ Meanmax seasonal Meanmin seasonal Mean Mean max to min
Period seasonal
level (MAHD) level (MAHD) change (m) (days)
08/1994i 07/1999 42.0 (Sep 41.2(Sep) 0.81 176
08/1999i 07/2004 41.8(Oct) NA NA NA
08/2004i 07/2009 42.5(Sep NA NA NA
08/2009i 07/2014 41.3(Oct) NA NA NA
08/2014i 07/2019 41.4(Sep) NA NA NA
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Figure9 Ground and surface water levels recorded at bore 61610685 (red) and staff gauge 6162577
(blue) that represent changes in wagésels at Lake MariginiupDotted line is the curremilinisterial
spring peakvater levekriteria Dashed line is the propos2@30spring peakevel.
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Implications of the proposed threshold

As a result of land use change and reductions in localaakisin, water levels are expected to tise

2030 and beyondAdopting a minimunspringpeak threshold of 42.1 mAHD will require water levels

to riseto levels last recorded in the early 19898rder to be complianfhus,it is difficult to predict

the ecological consequences as the lake has never been monitdhedeatevels Table 12). It is

unlikely that large areas of the wetland will continue to dry during surifiregringlevelsaremanaged

above 42.1 mAHDTNhe greater inundatiorf bake Mariginiup will likely alleviate acidification issues

as sedimemstare rewetted and sediment processes return to normal. Artificial augmentation of surface
waters at Lake Jandabtjass hown t hat r et urmr ee@ rmmo rwmed llegimgdd rt ol ocag
can reverse the effects of acidification, although this process is dependent on a number of factors,
including whether sufficient buffering capacity of the sediments remain (Sommer and H2008z,

It is also ssiblethe projectedincreases iwater levelswill have a positive impact ahe nutrient

status of the lake asutrient concentrations have risen dramaticallth declining surface waters.
However, nutrient loading may remdiigh from other anthropogenic sources.

The projected changes in groundwater levels are likely to have a dramatic positive impact on the cover
abundances of native speciahough these rpjections are beyond theange considered in the
modelling Specieslikely to increase in cover abundance includegianthus sp., Epilobium
billardierianum, Isolepis cernuaJuncussp., Lepyrodia muirij Lobelia alataand Villarsia capitata

Other nativesincludingAcacia cyclopsAcacia salignandE. sparteusare likdy to decrease in cover
abundance as water levels increa&kng with the projected higher water levethe decline in
macroinvertebrate family richneislikely to be reversed as aaile habitts increaselt is possible

that the projected increaseswvater level mayeturn the macroinvertebrate assemblage composition
somethinglike that observed before 200Zhis will require there-establishmenbf Amphisopidae,
Ceinidae, Chydadae and Cyprididaim the lake.

The projected changes in water lewél require significant migration dfringing plants upslope if they
are going to persist at the wetlaidater levels exceeding 42.6 mAHD will cause some mortaliB. of
articulataas their ecological water requirements are exceéttadever, his is wnlikely an issue foB.
articulata which can respondapidly to seasonal fluctuations1 water levelsthrough vegetative
regenerationAchieving the minimum sjimg peak proposed here will also cause annual submergence
of E. rudis AlthoughE. rudiscan tokrate extended periodsinfindationthe health of these individuals
in the current distributiomvill decline andmortality will eventually occur after 3 or more years of
continuousnundation.Annual absoluteminimumwater levelsbelow 41.7 mAHD will engre thatE.
rudis standsdo not become permanently inundated and help ensuredgimyn healthy angersist at
the current distributionThe higher water levels may also reverse the trend of declining loéahiis
stand.
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Table12 Ecological consequences of proposed 2030 minimeakthreshold 42.1mAHD) in terms ofcompliance of stated site values and site management
objectives at LakeMariginiup set for the current minimurpeakMinisterial criteria 41.5 mAHD). Future compliane assessments are based on current
understandings of the hydrological influences on flmd fauna. They do not include future exogenous factors (like pollution events, introduction of exotic
plants or animals) that might or might not occur in the fuaime affect these compliance estimatid®ad shading indicates site values that have losgiinot
currently characteristic of the site) and management objectives that are not currently being achieved.

Values and
objectives
maintained in
future

Likely effect of 2030 proposeahinimumpeakthreshotl (42.1mAHD)

Site values (WAWA, 1995)

Rich aquatic fauna (Swan Given the declines in water quality and the seasonal drying of the wetland, it is unlikely the |
River Goby,Pseudogobius provides habitat folP. olorum It is probable the Lake Mariginiup population is now extifitie lack
olorum) of compliance is a problem of past managementlimgd to managing tthe proposethreshold.

Rising water levelsare likely to reverse the terrestrialisation currently occurring at the wetl
Seasonal mamum water levels need to be sufficient to prevent macrophytes growing while se
minimums need to be low enough to provide shallow wading habitat. It is likelythbae
requirements will be met at locations throughout the basin

Water quality is currently compromised as sediments become dry and are oxidised, causing si
Goodwater quality acidification issues. The return of good water quality relied@ving the sediments with sufficie Possible
buffering capacity remaining to revertbe decline of pH as they arewetted.

Site management objectives (WAWA, 1995)

The lake has undergone significant shifts in wethaggktation and aquatic fauna composition. M:
native flora species are predicted to increase in cover abundance throughout the wetland
scenario of rising surface water levels. The significactinein the health oE. rudisis likely to

Wading bird habitat

Likely

continue however, rising water levels may reverse this tr@here may still be significant mortalit Likely
Conservation of flora and of E. rudisbefore the changes to abstractimeur, which could hava significant impact for the man Probable
fauna terrestriafauna that rely on the trees for habifathieving simmer minimunwater levels below 41."  extinction ofP.

mAHD will facilitate E. rudis health by ensuring the trees do not become permanently inuntlage olorum

wetland will reman an important site for water birds if the proposed thresholds are achieved.
the likdy extinction of the Lake Mariginiup population Bf olorum it is unlikely this fish will return
unless water quality ilestoredand the fish is able to immigeat
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Maintenance of the existing Fringing sedge vegetation, includiBg articulatg is likely to increase in cover abundance as wi
areas of fringingedge levels rise. It is likely this habitat willsooccur at higher elevations than present and will contint
vegetation provide important habitabf macroinvertebrates.

Likely

Maintain invertebrate diversitt This management objective is deemed to be inappropriate. Exposing once permanently ¢
through somdéakebeddrying  sediments to drying and rewetting is now regarded to be daghmthe sediments, and a peogor
in summer to acidification.

Not desirable

There has been a significant declineEinrudiswoodland surrounding Lake Mariginiup. Althoug
elevated water levels Whbe beneficial tde. rudis the trees are slow growing and will require deca
to return Acaciawoodland is predicted here to decrease in cover abundance along the transect

Maintain and if possible, levels increaseSurvival offringing vegetation depends on the rafeéraundationbeing sufficiently

Sghzg?[%;rmglng woodland slow enough to allovimportant fringing species to migrate upslopé&hough the higher water leve Very likely
9 arelikely to increase the health status of any remaiingudistrees, it will be important to ensui
absolute minimum water levels reach below 41.7 mBHo prevent permanent inundatid®rolonged
inundation (>3 years) witause death t&. rudis
Proposed site management objectives
See above site value (WAWA, 1998)is likely that the projectethcreases in water level will rever:
Increase wading bird habitat the terrestrialisation of some mud flatsd ensure that these areas remain viable feeding habit Likel
9 wading birdsEnsuring absolute minimum water levedsichbelow 41.7mAHD will enhance wading y
bird habitat.
Maintain rich aquatic The projected increases in water level may be sufficient to restoreqtiagic macroinvertebrat .
. : ) i . . : . Likely
macroinvertebrate community communityto pre2000 compositioms habitats becogrincreasingly available.
Reduce lake aciditgo Acidification events will be at a much lower risk given the projected increases in water Hégbks:.
waters are also likely to facilitate return to higher pH levelgiven that the lake has reasona Likely

beneficial levels for fauna alkalinity.
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Lake Jandabup 2019

Lake Jandabup

Lake Jandabup is a wetlatitht is supplemented with groundwater pumped into it from the Superficial
aquifer. The lakesupports the most diverse sedge and macrophyte vegetation communities in the
Bas®ndean Dune wetlands (Judd and Horvid®1 9. Lake Jandabup has a high conservation value as
it is one of t he f & wd notcbe metmanently acidict lcow lrainfall ande t | a n
groundwater abstraction impa@ee thought to have caused an acidification event in 1998 ang 1999
restoration of water levels bgupplementatiomas returned the pH to normal leve&o(hmer and
Horwitz 2009; Judd and Horwitz2019. Thelakeusuallyhas low levels of nutrients and cleatained
waters that support a diverse aquatic invertebrate community. The current trajectory of the
macroinvertebrate community suggasis assemblage is transitioning towards a state that wikde

the communitie®f Lake Mariginiup and Melaleuca Park 1&Bthoughbothwetlands arecidic (the

latter has an acidity driven by dissolved organics which is different to the mineral JE®cas
Mariginiup). The abundance of invertebrates and fringing vegetation saisat allow the wetland to
support high numbers of resident and visiting water birds (Bamford and Ba206:3),

Hydrology

Surface water levels of Lake Jandabup have only declined slightly since Big80e(10). Mean
maximum seasonal water levels are now 0.2 m lower than in1198@ but nean minimum seasonal
water levels are 0.1 m higher than 199889 levels and since 2009, the period of annual maximum to
minimum water levels has increas@ble 13). Projected groundwater levels in the vicinity of this
wetland are predicted to increaseup/to3.4 m due tdand use changes and associated reductions in
local abstractionas the area igsrbanigd. The expected incressin levels meathat the proposed
minimum threshold, which is equal tbe current Mnisterial criteriaof 44.3 mAHD can likely be met
without the need for ongoing artificial supplementation of the wetland.
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Tablel3Five-yearsummaies of surface water level datalatke Jandabup

Meanmin
Period Meanmax seasonal seasonal Mean seasonal Mean max to

change (m min (days

level (MAHD) level (MAHD) ge (m) (days)
08/1994i 07/1999 44.9(Oct) 44.1(Feb 081 156
08/1999i 07/2004 44.9(Sep) 44.2(Mar) 064 151
08/2004i 07/2009 44.8(Jul) 44.2(Mar) 059 108
08/2009i 07/2014 44.7(Oct) 44.2(Jan 052 164
08/2014i 07/2019 44.7(Sep) 44.2(Mar) 051 182
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Figure 10 Surface water levels for Lake Jandabup recorded at&l&##578. Dotted line represent
currentMinisterialcriteriafor minimum water leveland dashed line represents the proposedimum
threshold for 2030.
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Implications of proposed threshold

Many of the site values of Lake Jandabup are likely to be aiaétdif waterlevels are managed above
thecurrent minimum water level and theopose®030threshold leve{Tablel4). The lake is currently
susceptible to acidification due to the deterioration of the chloride:sulphate dhtiergriow alkalinity.
Maintaining surface water levels at thposed thresholdill minimise the risk of further acification

by ensuring sediments remain watthough acidification events haygeviously occurred in this
wetland at water levelsot nuch lower than the proposed 2030 threshidigher water levels in 2030
should also alleviateoncern of increased nutnieconcentrationsilthough itis difficult to predict
whether the wetland willeturn to a more typical low nutrient state.

It is predcted here that mangpeciesof native vegetation are likely to increase in cover abundance
given higher water levels. If water levels rise to the paihéreartificial augmentation is no longer
required, restoration of the hydrological regime may fatdithhe expansion of wader hattitas
seasonal variation in surface water levels increases towards Q8der the projectethcreases in
levels the diversdBanksiaandEucalyptus rudisverstoreyis likely to be maintainedt a healthier state
than curret. The dense and diversetive understory typical of this wetland is also likely te b
maintainegand possibly increase in extemhder the projectechanges in water levels.

The current low pH of the wetland is driving the aquatic macroinvertebrategoity away from pe-

2000 compositions and towardsecomposed of a less diverseidophilc community that is likely to

also occur at Lake Mariginiup and Melaleuca Park 173. Careful monitoring of nutrient levels is required
also as increased nitrogezvels may also beiding the shift in this aquatic communitjhe projected
changes in water level by 208(E likely to affect the richness and diversity of this assemblage, although
these changes will be difficult to predict. The futaoepositionof aguatic macrimvertedorates will be
largely determined by the changes in habitat availability driven by sustained higher water levels,
whether nutrient levels decrease and if acidification events agatim.
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Tablel14 Ecological cosequences of proposed 2030 mininmarel threshold 44.3mAHD) in terms of compliance of stated site values and site management
objectives at Lakdandabp. Future compliance assessments are based on current understandings of the hydnfllogicads a flora and fauna. They do

not include future exogenous factors (like pollution events, introduction of exotic plants or animals) that might ortroightrrio the future and affect these
compliance estimation8Additional values r eofadditiohalmetland features that were not originally recognized, and that might now be regarded as features
worth managing to protedRed shading indicates site values that have been lost (not currently characteristic of the site) and manageventiuiijacaot
currently being achieved.

Likely effect of 2030minimumthreshold(44.3 mAHD) Values and objectives maintaint

in future
Site values (WAWA, 1995)
Most diverse sedge and The diverse sedge communities are likely to persist as higher water levels ¢
macrophyte vegetation of all additional habitat.
Bassendean dune wetlands, Likely

including unusual specse

Provided that seasonal variation in water levelestored, extensive habitat f

wades will continue being a feature of this wetland as seasonal high w

prevent macrophyte encroachment of wader habitat during periods of min

water levels. Seasonal variation in water levels has decreased fron®abouto Likely
0.5 m. Restoration of hydiogical regime is likely to restore seasonal variatiol

pre-2000 levels and extend feeding habitat for waders.

Supports wide range of waterbird:
especially waders

Water quality has been compromisedéguced buffering capacity that makes
wetland susceptible to acidification. Sediments need to be prevented from
Extremely good water quality with to prevent further acidification. Nutrient levels are also rising and may be ¢
low nutrients shifts in the aquatic invertebrate assembladée projected increasan water
levels will minmise the risk of further acidification but elevated nutrient le
will remain a concern.
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Site management objectives (WAWA, 1995)

Conservation of flora and fauna

Native plant species are preditte increase in abundance if water levels icomt
to increase. This will have a beneficial effect for other terrestrial fauna that ir
the wetland. Wader bird habitat is also likely to remain a feature of this we
Elevated nutrient levels andAgoH are a concern as the aquatic macroinveatel
community transitions towards a less diversaidophilic composition.
Augmentation of water levels appears to have halted further acidification,
recent evidence suggest pH is rising throughout tedand. Higher pH will
prevent further declinda macroinvertebrate richness.

Likely for waders and vegetatiol
Unlikely for aquatic inveebrate
richnesaunless pH is restored.

Maintenance of the current extent
of wading bird habitat

Greaterseasonal variation and higher surface water levels alg ti& maintain or
expand current feeding habitat for waders.

Very likely

No expansion in the areas of sed
vegetation, but maintenance of
existing areas

Moddling does not suggest sedgegetation is likely to increase although higl
water levels ardlely to provide additional habitat for fringing vegetation.

Likely

Removal of mosquito fish from the
lake

This management objective needs to be rewoi@achbusia holbroolgéhould not
be referred to in this way because it does not control mosquitoedryihg that
occurred in the wetland in the late 1990s eradicated this species-oatan fish
and to ourknowledge it has not returned. Vigilance is requit@@nsure that i
does not become established again.

Maintenance of high species
richness of aquatic
macroinvertebrates, macrophytes
and sedge vegetation

The proposed changes will maintaire ttich macrophytic and sedge vegetati
Therichness of the aquatic macroinvertebrate commumaty changed, at le
partly due to acidificationut other factors may be involved.

Additional values
Aquatic macroinvertebrates

Healthy populations of the baetid mayfly family.

No change

Likely
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Proposed site management objectives

Increase wading bird habitat

Wading bird habitat is likely to be maintained under the projentrdases to lak
water levels Probably unlikely to increase from current extent.

Suggested changeThe planned changes to groundwater abstraction afg ik
maintain the extent of wading bird habitat, therefore it is recommenddhige
theproposé si t e man ag e Mantain wading bedchabita& e t

Maintain rich aquatic
macroinvertebrate community

There havébeen marked shifts in the composition of aquatic macroinvertek
since an acidification eventh& projected water levels are unlikely to restore
community to preacidification composition. Nonethelesmaintairing water
levelssimilar to those cuently found at the lake will ensure that further risk
acidification is minimisedA rich consorium of macroinvertebrates is likely 1
persist at the site, albeit at a lower richness than what has been previously re¢
if acidification events are aiaed.

Likely (highly dependent on
preventing acidification events’

Minimise risk of acidification

The projected increases in water level willinimise the risk of furthe
acidification. However, the lake may have reduced buffering capdaiyto
previoudow water levels and acidification events. Low alkalinity leve&anthat
the lakewill remain at risk offuture acidification eventslespitehigher water,
levels
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Typha orientalis stands in Lake Nowergup 2@t fringing Melaleuca rhaphidpylla and
Eucalyptus rudis woodland in background.

Lake Nowergup

Lake Nowergupvas one of the deepest permanent lakes on the Swan Coastal Plaaspravided a
permanent habitat for aquatic invertebrates and fish, dsawen important drought refuer water
birds (Froend, et al2004g). Despite the wetland being artificially maintained since 1989, water levels
have continued to decline. This decline has altereftitiging vegetation of the lake and reduced the
area of permanent water.

Hydrology

Since 2010, surface water levels in the lake have dedigaificantly to levels that are currently below

the minimum reading on the staff gauge 6162368@ure11). Groundwater levels at theearby bore
61611247 have shown similar trends as surface water levels. Between 2008 and 2014, groundwater
levels at the bore declined by more tha@ m. A similar decline in surface waters is likely and
measurements from this bore have been used in etateon analysis. Currently, groundwater levels

have increased to above 15 mAHD due to recent raiafalake supplementation influencing local
Superficialaquiferlevels Mean seasonal maximum groundwater levels from the-1999 period to

the 20142019 period declined by 1.7 m, while for the mean minimum water levels the decline was 1.5
m (Table 15). Maximum and minimum water levels now tend to occur earlier in the year than
previously. Proposed threshold levels will applptwe 61610601, where undaannedreductiors in
abstraction a threshold at 18.0 mBHhould be achievable. This is likely to correspond smmmer
minimumthreshold level of 16.0 mAHD at the staff gauglee current threshold is a spring maximum

peak 0f16.8 MMAHD whi ch hasndét been ac hThe plamrked reduaiian®in t h e
abstraction are likely to significantly raise surface water levels in thenidkgeak levels expected to

reach16.5mAHD | evel s not recorded since the | ate 200
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Tablel5Five-yearsummaries of surface water level data@te Nowergup

Meanmin
Period Meanmax seasonal seasonal Mean seasona Mean max to
change (m min (days
level (MAHD) level (MAHD) ge (m) (days)
08/1994i 07/1999 17.0(Oct) 16.2(May) 0.84 115
08/1999i 07/2004 167 (Oct) 16.0(May) 0.72 20.4
08/2004i 07/2009 168 (Oct) 16.2(Sep 0.56 0
08/2009 07/2014 NA NA NA NA
08/2014i 07/2019 NA NA NA NA
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Figure11 Ground and surface water levels for Lake Nowergrgorded at bore 61610601 (red) and
staff gauge 6162567 (blue). The minimum recordable water level for the staff gauge is 16.0 mAHD.
Measurementat 16.0 mAHD represent water levels below the minimum Ieessurable at the staff
gaugewhich has recentligeen shifted to a lower elevatiddotted line represents the curréfinisterial

spring peak water level. The dashed lines reprakergroposed minimum water levels for 2030.
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Implications of proposed threshold s

The projected changes in groundwateels by 203Gnean water levels will be higher than current and
similar to20002010 levelsMany of the site values of Lake Nowergup are unlikely to be maintained
if levels increase tthe proposedninimumthresholdevel of 16.0 mAHD(Table16). The lowwater
levels havecauseé a significant decline in macroinvertebrate richness arshift in assemblage
composition away from what was once typical of this wetlamtlis deteriorationof the
macroinvertebrate communitoincides withincreased drying of the wetland and supplementatfon
surface waters by artificial wateringrobably consistent with a decline in the diversity of habitats
available The changes in assemblagesprobaly driven by a decline in habitat availabilityrfinese
organisms, although increased nutrient levels may also be facilitating this prohesprojected
changes in groundwatervig to 2030 will return the lake taa similar condition observed the lae
20006s when ssatbore 61616601nwe mreater than 18.0 mAHML is expected that
these increases in surface watey reverse the trend of declining macroinvertebrate family richness.
It is unlikely some species will return, such as 8plaeridae bivalvewhichwill notre-establish unles

the natural hydrological regime and water qualityrastoredand only if a remnant population exists

in the lake

Although many native vegetation species are predicted to increase in cover abundamueesising
water levels, therbas beem subsintial decline in fringing wetland vegetatiordaedgegFigurel2).
The projected water levels for 2030 dileely to reverse theterrestrialisation of the vegetation
communitythat has been occurring in recent years in the l@Marations of the basiThis,in turn,
will positively impact the macroinvertebrate communities as manyheffringing plant species
predicted to increase in cover abundafesy. Baumeaarticulata and Typha orientali} provide
important habitat for mgnmacroinvertebrate species and reduce the effeuitoent enrichmentAt
some regions of the lake, it is possible Batimea juncewill become the dominant sedge specird
perhapsprevent further nutrient enrichment of the watevkile Eucalyptusrudis will dominate the
overstoreyUnder theprojecedwater levelsthe ecological water requirements smmekey wetland
species willcontinue tdoe met.

Figure12 There has been substantial loss of sedges at Lake Nowestyugeln 2010 (left) and 2018
(right). Souce Bulleret al.(2019).
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Table 16 Ecological consequences of proposed 2030 minimum thresh®ldriAHD) in terms of compliance of stated site values and site management
objectives at Laké&lowergupset for the current absolute minimum Ministerial critefi&.8 mAHD). Future compliance assessments are based on current
understandings of the hydrologidgafluences on flora and fauna. They do not include future exogenous factors (like padhaiats, introduction of exotic

plants or animals) that might or might not occur in the future and affect these compliance estimations.

Likely effect of 2030revised minimumthreshold(16.0 mAHD)

Values and
objectives
maintained in future

Site values (WAWA, 1995)

As a permanent deepater wetland acts as
major drought refuge for waterbirds

The lake will retain its deepater status and continue to act as a drought refug
birds.Surface waterarelikely to be maintained at levels similar to 192010 levels
which will ensure permanent deep water, particularly important for diving v
birds.

Very likely

Supports dependent invertebrates and fist
species (one native, Swan River Goby
(Pseudogobius oloruynand one exotic,
Mosquito fish Gambusia blbrooki)

Habitat dependent. Invertebrate speciesluding members of Sphaerid&sirtidae
and Cordulidaghave been apparently lost from this wetlaltds unknown whethe
managing levels to the propostiesholds are likely to bring them ba@ambsia
should not beegarded as a value and the gti@n is how to remove them, not hc
to keep themPseudogobius olorumas not been sighted in the lake for many ye
but if it is still present iwill benefit from higher water levels that will ensurabitat
availability.

Maintaining water levels alve the proposed threshold should reducerisie of
drying and minimise the risk of further acidificatioReducing the risk o
acidificatonwillhavegp osi ti ve i mpact on the | &

Likely (dependent
uponP. olorum
persisting

Largeareas of sedges minimize impact of
nutrient enrichment on aquatic fauna

Likely to be jeopardised witany furtherdeclire in water levelsNonetheless, thi
proposed increases to water levels will benefit sedggénerease their distributior
Multivariate modelling predicts @& increasein B. articulata and T. orientalis
abundanceas water levelincreaseB. junceamay establish in some regions of t
lake The increased abundance of sedges is likelgitdmisethe impact of nutrien
enrichment.

Likely
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Site management objectives (WAWA, 1995)

Wildlife and conservation, scientific study
and preservation of features of
archaeological, historic or scientific interes

No data to reach conclusion

Unknown

Maintain te existing areas of fringing sedc¢
vegetation

Current terrestrialisation @he lower elevations of the basin is likely to be rever:
although matureE. rudis individuals may persist in regions that do not becc
permanently inundatk The current disiibution of B. articulataandT. orientalis is

predicted to also increaskle to the planned reductions in groundwatastraction
These fringing plant species are likely to respond rapidly to increased surface
levels byvegetative spread upslope.

Very likely

Maintain deeppermanent water as a bird
habitat and drought refuge and to protect
aquatic invertebrates and fish dependent «
permanent water

Theincreasef surface water levels wilxpandhe areas of deep water antprove
the habitat avadible to birds and fish. Bfunction of the lake as a drought refuge
particularbirds (diving birds)will continue

Likely

Maintain the existing extent @faumea
fringe betweemyphastands and the
fringing woodland

Multivariate modelling (Appendix 2) predicts B. articulata and T. orientalis to
increase from the current distributidexisting stands are likely teecomdanundated
and will need to establidirther upslope. The extent of these stands willrease
These species usually rely on vegetategenerabn toestablish in regions uglope
of their current distribution. They atikely to rapidly respond to the increase
surface water levels.

Very likely

Provide some area of wading bird habitat
the end of summer, although it is recoguiz
thatthis is limited by the shape of the
wetland.

Depends on seasonal variation allowing areas of mudflats suitable for wac
establish.Maintainng seasonal variatioin surface waters betwedéh7 i 0.8 m
shouldallow suitable habitat for wadingrtds asthese levels will peakigh enough
to prevent fringing vegetatiofrom establising, while reaching minimum level
sufficient to allow feeding by wading birds.

Possiblgf seasonal
variationof between
0.71 0.8 mis
achieved.
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Proposed sie management objectives

Increase area of permaneigiepwater
habitat for fauna

Theprojected changes represent an increatieeiextent opermanent watedeeper
than 1.5 mjthroughout the basih o | evel s typi cal of
Manajing water levels above the proposed 2030 minimum threshold will e
permanent deep water remains a feature of this wetlandand have beneficia
consequences likeelping toreverse the decling trend in aquatic macroinvertebre
richness andedwcing phosphate levels.

Likely

Maintain fringing vegetation to support
macroinvertebrate diversity and nutrient
retention

The projected changes in water levels véltend the distribution ofringing
vegetation habitatavailable for aquatic macroinvertalbes However, it is likely to
remain dominated by. orientalis A remnant patch oB. articulatais also found
along tle margin of the lakel'he distribution oB. articulataandT. orientalissedge
arelikely to increasepatrticularly in regions upslepof the current distributions.

Likely
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Deceased wetland vegetation at Lake Wilgarup with Eucalygmogphocephala individuals in the
background (2019).

Lake Wilgarup

Lake Wilgarup is a high conservatiamceseasonally inundatethmplandocated in he southern area

of Yanchep National Park. The basin covers an area of 16 ha in a limestone depressisedthat
experience discharge from groundwater. There are extensive peat deposilakelibdthat suggest

the sedimenta/eresaturagd for a longperiod. Surface waters have not been recorded in the basin since
1998 and peatBave been burnt significantly in the 2004/5 fire, and remaining @eetslry and
vulnerable to combustion.

Hydrology

Groundwater levels have been recorded ahéaby bor&1618500 since 199Figureld). There has

been a significant decline in groundwater levels throughout this monitoring period from 4.75 to 3.25
MAHD. Maximum and minimum seasonal groundwater levels have decreased by 1.6 and 1.2 m,
respectively Table17). Maximum water levels have consistently occurred during Septe@dieber,

but minimum water levels are now occurring later in the year with the site experiencing a longer period
of drying. The wetland haselbn norcompliant withMinisterial criteria for most of the monitoring
period. A proposed threshold at 0.5 m lower than the cucrértiais likely to be achievable under
plannedreductions in abstraction by 2030. These changes in abstracgoprojeted to causen
increase in groundwatdevels, but it is unlikely to be sufficient to restore the natumgdirological

regime
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Tablel7Five-yearsummaries ofroundwater level data dtake Wilgarup

Meanmax seasonal Meanmin seasonal Mean seasona Mean max to

Period ;
level (MAHD) level (MAHD) change (m)  min (days)
08/1994i 07/1999 5.2(Oc) 4.3(Sep) 0.91 184
08/1999 07/2004 4.7(Och) 4.0(Feb) 073 193
08/2004i 07/2009 4.3(Sep 3.7(Apr) 062 150
08/2009i 07/2014 3.8(0a) 3.2(Apr) 059 190
08/2014i 07/2019 3.6(Oc) 3.1(Mar) 055 212
5.0
Soasl o bl et e R
T Current
<
£
o
B
4 4.0 Proposed
‘G—J __________________________________________________
©
=
354
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Figure13 Groundwater levels recorded at bore 61618500 in the vicinity of Lake Wilgaatigd line
is the currenMinisterial absolute minimum water levefiteria Dashed line is theroposed 2030
minimum threshold level.
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Implications of proposed thresholds

The site values of Lake Wilgarup are unlikely to be maintaihéelvels are managed to meet the
proposed threshold levéTable 18) despite water levels returning to #6805 levels Vegetation
composition has shifted from one dominated by wetland species, sBcladikulatg to a terrestrial
community dominated bgucalyptusgomphocephalalncreases in groundwater are igly to have
an impact on the vegetation unlegsasonal inundation of the basin be restoredror instance, the
ecological water requirements fdr rhaphiophyllaare unlikelyto be met given #proposed minimum
threshold Evenif the hydrological regne begins to resemblfat of a damplandhesignificantlosses
of peat sediments due to bushfire evemsan that any restablishment of wetland vegetation
particularly Baumeaspecies,is unlikely tor esemb |l e t he sHuttherd@etharat ur al
establishment of wetland vegetation will need to compete withwihedland vegetation that now
inhabits the basin.

60



Table 18 Ecological consequences of proposed 2680imum threshold 3.9 mAHD) in terms of compliance of st site values and site management
objectives at LakeéVilgarup set for the current absolute minimum Ministerial critedab(mMAHD). Future compliance assessments are based on current
understandings of the hydrological influences on flora and fauna. ddegpt include future exogenous factors (like pollution events, introduction of exotic
plants or animals) that might or might not occur in the future and affect these compliancecestiRatl shading indicates site values that have been lost (not
currertly characteristic of the site) and management objectives that are not currently being achieved.

Values and
objectives
maintained in
Likely effect of 2030 revisechinimumthreshold(3.9 mAHD) future

Site values (WAWA, 1995)

One of few remaining Declining groundwater and fire render this wetland highly disturbed. The vegetation composi

undistubed wetlands longer reflects that of a wetland the site has become highly terrestrialised.

within the region

Rich and unusual These sedges are locally extiaad terrestrial plants are establishing in the basin. Peat sediments,

vegetaibn (dense are important for native sedges, have been destroyed by fire.

monospecific stands of

sedges)

Likely to support divese A rich woodland fauna likely exists at tisite; however, this asemblage would not reflect the ri

fauna wetland fauna that would have once occupied theAifeatic species that are no longer a feature o

site include a native crayfish speciesldhe rare fislialaxiella nigrostriata

Site management objectives (WAWA, 1995)

Maintain the environmenta The quality of Lake Wilgarup as a Swan Coastal Plain wetland has been permanently compro
quality of Lake Wilgarup it is extremely unlikely that permanent water will become a featutale Wilgarup in the future, th
site will not retain its environmental quality.

Maintain the existing exter Wetland vegetation hgsobably been permanently destroyed by declining water leweldire. The
and variety of wetland terrestrial woodlands that now inhabit the site are unlikely to facilitate the return of wetland ve
vegetation unless permanent water is restored to the site.
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Proposed site management objectives

Maintain soilmoistureand
minimise risk of
acidification

The projected changes in groundwater levels will not restore inundation of the site. Hahesei|s

will increase in moisturand be at a reduced likelihood afidification. Peats have probably bet

destroyd by fire events so even under the proposed scenario wiésemble conditions prior to 200 Likel
it is unlikely the divers8aumeastands will return. Without furthencreaes in groundwatdevels the y
basinis likely to remain dominated bi. gomphocephaldNonetheless, future management of this

should aim to maintain wetland sediment processes in order to restore current and new habitats

62



View of Pipidinny Swamghowing stands of wetland veggon (2019).
Pipidinny Swamp

Vegetationat Pipidinny Swamp wadamaged by a fire in 2005. Macroinvertebrate and water quality
monitoring occurred in the 2000s but ceased in 2011 as the wetland was atypical and hadelittle wat
A single vegetation survedyas been conducted in September 2019 and the resfisented here.

Hydrology

There has been at least a 2 m decline in surface water levels at Pipidinny Swamp sincd §889sid
although measurements at the staff gaugee frequently below the nimum recordable level in the
mid-late 2000s to 2019 despite the gauge being moved in Hijuir¢ 14). Mean maximum seasonal
surface waters are at least 1.2 m lower now than in the 1994 seasonfecords of minimum levels

are dfficult to interpret due to the water levels frequently bdirdow the staff gauge. Groundwater
levels at the nearby bore 61611872 suggest that water levels at the swamp are no longer.in decline

It is likely that water levels in Yanchep National Parklwicrease under thplannedchanges in
groundwater abstracin. The proposed threshold level of 1.1 m at bore 61611872 is likely to slightly
increase or stabilise surface water levels in Pipidinny Swamp.

63













































































































































































































































































































































