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Summary

Numbers of waterfowl, shorebirds, ibis and cormtsavere monitored at the Western Treatment
Plant (WTP) from 2000 to 2012 as part of a contigysrogram to help Melbourne Water
manage this large facility (10,500 ha) near Wegittemeet multiple objectives. The WTP is
used to treat about half of the sewage from Melbe\a city of over 4 million people),
discharging into Port Phillip. It also forms an ionfant part of a Ramsar-listed wetland of
international importance as a habitat for waterhird

Waterfowl (all ducks, geese, swans, coot and giedes selected other waterbirds (gulls, terns,
swamphens and large wading birds) were countedsthe whole WTP six times per year (73
counts). The counts in late February or early Maattributed to Victorian Summer Waterbird
Counts coordinated by the Arthur Rylah InstituteEoavironmental Research (ARI) for the
Victorian Government. Waterfowl were counted bycige on each treatment pond, wetland or
stretch of coast over 3-6 days, focusing on a salegroup of species on each day (e.g. dabbling
ducks or diving ducks).

Shorebirds were counted across the whole WTP stt flear times per year (three from spring to
autumn and one in winter). Each year, one summantdbetween late January and mid-
February) and one winter count (between mid-Judenaid-July) were scheduled to contribute to
national summer and winter shorebird counts coatdih by the Australasian Wader Study
Group (AWSG) and the Shorebirds 2020 Project allidér Australia. Shorebirds were counted

by species on tidal and non-tidal habitats at atiéptial shorebird sites within the WTP at high
tide and low tide, usually on a single day. Simdaunts were made for comparison at the Avalon
Saltworks near Lara and at Point Wilson. The couat®red trans-equatorial migratory species
that breed in the Northern Hemisphere and spendubtal summer in Australia, as well as
species that breed in Australia or New Zealand.

Ibis and other waterbirds feeding in paddocks wereted six times per year, mostly between
January and June, when numbers were generallystighés flying to roost at three communal
roosts (Lake Borrie, 25W Lagoon and the WerribeeeRiwere counted three times per year
between January and June. Cormorants were courtiegisaisix times each year while they were
nesting at the 25W Lagoon: data were collectechemumber of active nests of each species in
each of the three ponds used.

This report describes the main changes in watepgmpiilations observed over this period and
discusses the extent to which they may be attribttenanagement actions. Melbourne Water
implemented an Environment Improvement Program)(Ettn 2003-05, to reduce nutrient
discharge to Port Phillip and meet requirementgictoria’s Environment Protection Authority
(EPA). The EIP was declared a controlled actionenide CommonwealtBnvironment

Protection and Biodiversity Conservation Act 1999 (EPBC Act), because of its potential to affec
waterbird values of the Ramsar site. Continued todng of waterbird numbers was required as
part of the Commonwealth’s approval for the EIP.

The period from 1997-2009 coincided with a longuditt over much of eastern Australia. The
drought broke at different times in different pasfsiAustralia. Parts of northern and inland
Australia experienced heavy rain or floods in 008, whereas most of the south-east including
Victoria remained dry until late 2009. The followgithree years were generally wet in eastern
Australia, with extensive flooding at times. Sudntinent-scale phenomena are known to have
profound effects on waterbird numbers and distiilmst at individual sites such as the WTP.



Analysis considered the hypotheses that waterhindb@rs could be influenced by climatic
events, effects of the EIP on habitat, disturbdram® construction during the EIP, or a
combination of these factors. Numbers of waterfamd shorebirds were analysed using
SARIMA time-series models to detect trend lines brebk points of inflection in those trend
lines. Mean numbers of each species and guild alececalculated for four time-periods (2000—
02, pre EIP; 2003-05, during EIP implementatior)@@8, post EIP; and 2009-12, post-
drought). Distributional changes were describedrfaterfowl and shorebirds for those four time-
periods, considering their use of treatment poocdsservation ponds, other wetlands and
stretches of coast.

Waterfowl

Numbers of waterfowl showed strong seasonal pattgenerally with peaks in summer-autumn
and troughs in late winter or spring, which is thain breeding season. A modest declining trend
was evident over the 12 years, but there were @akipoints of inflection associated with
implementation of the EIP. Marked break points werielent from the time-series models in
2009 (declines coinciding with the breaking of thieught when birds relocated to newly flooded
wetlands) and subsequent years (increases presufolddiving successful breeding in other
parts of eastern and inland Australia). These ofmage all consistent with the hypothesis that
climatic patterns are a dominant driver of watetfoumbers at the WTP. Filter-feeding ducks,
diving ducks and coot showed larger declines pasight than other guilds, accounting for most
of the observed decline in total waterfowl.

Some changes in waterfowl distribution at the WTdPerobserved, with more use being made of
the old lagoons (now supporting 40% of the wateHawthe WTP vs 25% pre EIP) and less use
being made of the decommissioned lagoons and drbyn&pit Lagoon. These distributional
changes are consistent with predictions aboutikietyleffects of the EIP. They suggest an
impact of the EIP on local distribution more thamtotal numbers present.

The upgraded new lagoons supported slightly highgportions of the total waterfowl at the
WTP during the EIP (when Activated Sludge Plantsameing constructed) than in other periods
(26% vs 18%). This suggests that effects of thdwstrial disturbance were not a dominant
negative driver of waterfowl numbers at the WTP.

Overall, the WTP continues to provide habitat ferwlarge numbers of waterfowl when rainfall
or flooding events have not attracted them elsesitidore than half the waterfowl continue to
use sewage treatment ponds as their main habita¢ &TP. Hence continuing sympathetic
management of these treatment ponds is neededtaahe value of the WTP for waterfowl.

Shorebirds

Shorebirds also showed strong seasonal patterass-Bquatorial migrants were most numerous
in summer with few remaining over winter (as expdgt Australasian-breeding shorebirds were
present all year, some species peaking in wintbers in late summer and others showing no
clear seasonal trend. Migratory shorebirds far wmtrered Australasian-breeding shorebirds, so
overall shorebird numbers peaked in summer. Timesenodels identified break points at
different times for the ten species analysed. Blaitiged Stilt (an Australian breeding species)
declined in 2010 when the drought broke, and irsdan late 2011, as for waterfowl. Sharp-
tailed Sandpiper (a trans-equatorial migrant) wdreeely rare at the WTP in 2010-11 when
there was plenty of water available in inland Aalidr. Other shorebirds showed more variable
patterns, with time-series models indicating bngaikts in different years. These break points
did not coincide closely with EIP implementationt they coincided with changes in shorebird



numbers in other Victorian sites, suggesting thay were driven by factors elsewhere in the East
Asian-Australasian Flyway.

Ibis

Numbers of ibis feeding and roosting at the WTReghgreatly. Australian White Ibis were

found mainly in the north-east of the WTP and bexaoarce in the south-west during the EIP
when the cessation of grass filtration reducedifegdpportunities there. Straw-necked Ibis were
the most numerous species, especially in thelfalftof each year. The largest counts of feeding
Straw-necked Ibis were made before full impleméntadf the EIP, however, the species has
continued to make consistent use of the WTP fadifgeand roosting. There was a substantial
decline after the drought broke with what may kelibginnings of a recovery in recent years.

Cormorants

Numbers of nesting Pied Cormorant increased fro8+-800 active nests in 2002—03 to ~1000 in
2010-12, with no decrease associated with EIP aarigin activities in 2005. Three other
species of cormorants (Little Pied, Little Blaclda@reat Cormorant) and the Australasian Darter
also nested in the colony in small numbers, arehaBlack-faced Cormorants roosted there.

Freshwater terns

The Whiskered Tern became most numerous post Bi&ds the end of the drought, and the
maximum count (5400) was made in November 2008 $pécies showed an unusual seasonal
pattern, arriving in spring but declining in Janudrhese terns failed to arrive in 2010-11 after
the drought broke, but became numerous again isesputent years, as for inland-breeding
waterfowl. White-winged Black Terns were most nuosrin late summer or autumn before
departing to breed in central Asia. Both specieslisgwage treatment ponds and conservation
ponds for feeding and roosting, and Whiskered Tesgre also seen feeding over grassland (<4%
of records).

General Conclusions

Season and climate, rather than the EIP, weredahendnt drivers of waterbird numbers at the
WTP during the period 2000-12. In particular, thess a mass exodus of many species in 2010—
11 after the drought broke, followed by a retursithsequent years. The pattern of exodus in
~2009 and subsequent recovery was particularly esaftr inland-breeding waterfowl, some
shorebirds that breed in inland Australia (notd®ddd-necked Avocet and Black-winged Stilt) or
have a preference for inland ephemeral swampsradmeeding habitat (Sharp-tailed Sandpiper),
and other species that also breed at ephemeratlisites (e.g. Straw-necked Ibis and Whiskered
Tern).

Changes in distribution of waterfowl accorded witkdictions about likely effects of the EIP,
with the old lagoons becoming the most importamiitahand the decommissioned lagoons such
as Lake Borrie becoming less important than preshou

Changes in numbers of trans-equatorial migratooyethirds paralleled those observed elsewhere
in Victoria and more widely in the East Asian-Aadasian flyway, suggesting a common cause
unrelated to management of the WTP. No evidencefovas] that breeding cormorants were
disturbed by construction activities at the 25W hag



1 Introduction

This report presents the results of a program aésbad monitoring at the Western Treatment
Plant (WTP), Victoria, from 2000 to 2012. The pramgrwas commissioned by Melbourne Water
to help manage the WTP for multiple purposes, iidlg treatment of sewage and conservation
of waterbirds. Both these main objectives are ingrrto meet policy and legislative
commitments, and may be either complementary dilicting in different circumstances. The
WTP treats sewage for almost half of Melbourne’sytation (>4 million people), discharging
into Port Phillip under a licence issued by thetdfimn Environment Protection Authority (EPA).
The WTP is also renowned for its value as a hafutawaterbirds, and it forms a key part of a
wetland system listed under the Ramsar Conventid®82 as a wetland of international
importance. This Ramsar-listed wetland system @wknas the Port Phillip Bay (western
shoreline) and the Bellarine Peninsula Ramsarlsit&kamsar values have been documented
(Lane and Peake 1990; Hale 2010) and need to beaiteéd under Commonwealth legislation
including theEnvironment Protection and Biodiversity Conservation Act 1999 (EPBC Act).

Melbourne Water undertook a major upgrade of theage treatment system between 2003 and
2005, to reduce nutrient discharge to Port Philiid comply with its EPA licence. This was
known as the Environment Improvement Program (EReLognising that this could have
consequences for waterbirds, the EIP was declacedtsolled action under the EPBC Act. The
Commonwealth Government allowed the EIP to prodredtipulated some conditions,

including maintenance of monitoring, modelling aedearch programs and implementation of
adaptive management. The EIP involved a shift ftiorae treatment processes to one, and a
substantial modernisation of processes in two efdlgoon systems. There was a rapid phase-out
of grass filtration which involved irrigating wint@astures of Italian Rye Grass with partly-
treated sewage, mostly in the west of the WTP.HIRealso involved a more gradual phase-out
of land filtration on grazed pasture grasslandsckviare now irrigated entirely with treated
effluent and no longer form part of the sewagetineat process. The sewage treatment process
now relies entirely on the more efficient pondingqess, in which sewage is treated in a
succession of ponds within a lagoon. Most of theary sewage treatment became concentrated
in two large lagoons in the east of the WTP (55& 26\W) that had been constructed in the
1990s (and are known as ‘new lagoons’, along WithE). Activated Sludge Plants were built in
the middle ponds of these lagoons to enhancedhétient, as part of the EIP. Old lagoons east
of Little River (85W A, B & C; 145W & Walsh’s Lagan, began receiving partly treated effluent
from 55E and 25W, instead of untreated sewage e@bternmost ‘new lagoon’ at the WTP
(115E) continued to operate as before until JulyO20vhen it also began to receive partly treated
effluent instead of untreated sewage. Lagoons ofdke Little River (Lake Borrie North, Lake
Borrie South, T-section and Western Lagoon) weomihenissioned from the sewage treatment
process as part of the EIP, but now receive fudgted effluent for environmental purposes.

Some of these changes were expected to benefitbirdewhile others were expected to be
negative. Early modelling showed that some watdrépecies and guilds (notably filter-feeding
ducks and diving ducks) were likely to be adversdfgcted by reduced nutrient levels in some
sewage treatment ponds, while many species andsguilght benefit from the cleaner and more
aerobic water in old lagoons that were previouskydufor primary sewage treatment (Loyn et al.
2002a). There was concern that prey abundancédoekirds on the tidal flats adjacent to the
WTP might decline as a result of reduced levelsutfient enrichment (Loyn et al. 2002b).
However, it was also expected that potential bé&nebiuld be achieved by deliberate
management of non-tidal ‘conservation ponds’ tovfg® feeding and roosting habitat that could



be especially useful at or near high tide (Loyale2002b; Rogers et al. 2007). Ibis were
expected to be affected by changes in irrigatioaddk et al. 2002; Loyn et al. 2002c), especially
in the western part of the WTP where grass filbrativas used widely until it was phased out as
part of the EIP. These changes could relate to thetimutrient levels in irrigation water and the
area irrigated, both of which were expected toideclThe important breeding colony of
cormorants in 25W Lagoon was considered potentiailgerable to disturbance during
construction of the Activated Sludge Plant on tagoon in 2005 (Lane et al. 2002). Longer-term
negative effects on cormorants were consideredelglbecause these birds feed mainly at sea in
Port Phillip, where effects of the EIP were expddtebe small and positive.

Melbourne Water has undertaken several measumthéince waterbird habitat at the WTP, as
part of its custodianship of the area. It has iasegl its efforts in this respect as part of an
adaptive management program to offset or mitigajereegative effects of the EIP. Many of
these measures have been targeted at waterbidlsspacially shorebirds, which were expected
to be adversely affected by reduced nutrient lesrlgitertidal mudflats. These initiatives have
included managing water levels and vegetation liecsed wetlands (‘conservation ponds’) to
provide habitat for the target species. New wetdmalve been constructed in some cases, in
‘borrow pits’ where soil had been extracted for alsewhere on the WTP. Measures have also
been implemented to enhance habitat for a criji@idangered land bird, the Orange-bellied
ParrotNeophema chrysogaster, which winters in saltmarsh and wetland fringethatWTP after
breeding in south-west Tasmania, and for a thredtepecies of frog, the Growling Grass Frog
Litoria raniformis, which breeds in well vegetated wetlands and cbigrat the WTP.

This report uses descriptive and statistical apgres to indicate how waterbird numbers have
changed over the period from 2000 to 2012, andestgepssible causes for the patterns
observed. In interpreting observed changes, ihfoitant to recognise that waterbirds respond to
seasonal and climatic events on vast spatial sddigsatory shorebirds are affected by climatic
and anthropomorphic events at their breeding &iteénly in far northern Asia and Alaska) and
on their migration routes through the East Asianstfalasian flyway. Waterfowl are affected by
climatic and anthropomorphic events across therAligh continent: when it rains in inland
Australia, large numbers of waterbirds move to yefatmed habitats inland to breed (Frith

1987; Marchant and Higgins 1990; Kingsford et 899, 2002; Chambers and Loyn 2006). Some
shorebird species may be affected in similar wddar¢hant and Higgins 1993; Higgins and
Davies 1996). The WTP serves as a valuable sotirediable water during times of drought, and
most waterfowl species use it as a hon-breedingyesfather than breeding habitat. The period
under review included a succession of very dry y&amoughout much of eastern Australia
(1997-2009). The drought broke in northern anchitilAustralia in 2008—-09, and locally later in
2009. The next three years were abnormally weh mitich flooding on the eastern seaboard and
in the Murray-Darling Basin.

1.1 The WTP (geographical and historical information)

The WTP occupies 10,800 ha near Werribee on thtewesoast of Port Phillip, in an area of
low rainfall between Melbourne and Geelong. As ohievo main sewage treatment plants for
Melbourne, it serves a population of over 2 milljpeople Prior to the EIP, it comprised nine
systems of sewage lagoons used to treat effluemteli as large areas of pasture used to treat
sewage by land filtration in summer and grassafilbn in winter. Subsequent to completion of
the EIP, pastures have been irrigated with treetigent not partially treated sewage. Some of
the lagoons provided more than one treatment seguery. Lake Borrie North and South).



All the sewage lagoons are artificial, and did exist before the WTP was built in the laté"19
century. Some of them replaced natural wetlands aad_ake Borrie, but the total area of open
fresh water has increased greatly as the sewagfengat plant has developed. The total area of
the sewage treatment lagoons (including thosehidnad been decommissioned or used as
conservation ponds) is currently 1,824 ha (B. Mcl,e@delbourne Water, pers. comm.).

Since Ramsar listing in 1982, three new lagooresysthave been built in the north-eastern part
of the WTP, some of which partly replaced oldeolags. The total sewage treatment lagoon area
increased from 1,309 to 1,409 ha in 1986 (with troiction of 115E lagoon), to 1,552 ha in 1991
(55E lagoon), to its present level of 1,824 ha983 (25W lagoon) (B. McLean, Melbourne
Water, pers. comm.). This represents a substattdition (39%) to the area of lagoon habitat
since 1982. Ponds in the new lagoons (115E, 55R28W) are generally regular in size and
shape, and deeper than the old lagoons (~2 m cechpdath 1 m in old lagoons) where layers of
organic material (such as dead algae) have accteduwaer many years.

Natural, modified and artificial wetland habitate available within and adjacent to the WTP.
Artificial or modified wetlands include the sewagends, channels, flooded borrow pits and
filtration paddocks, and a small ornamental ponith@tmain WTP office (which stopped being
filled in 2004 during the drought). Natural wetlandclude ephemeral freshwater swamps (e.qg.
Ryan’s Swamp, filled intermittently from local ramater runoff), Little River and its estuary,
saltmarsh, tidal mudflats and lagoons (e.g. thecadjt Spit Nature Conservation Reserve), and
the inshore waters of Port Phillip. The WerribeedRiand its estuary adjoin the north-eastern
boundary of the WTP. The WTP and the adjacent!$gitire Conservation Reserve have a
combined coastline of about 21 km. The WTP alstuthes extensive areas of dryland habitat,
mostly grazing paddocks and a variety of agricaltarops.

1.2 Purpose of this report

This report gives an overview of the monitoringgram, its main results and the implications for
management. The primary question we address is:

Did trends in waterbird numbers change in assaxtiatiith implementation of the EIP?

To address this question we considered three hgpo#th scenarios, which could apply
separately or together:

1. The EIP could be a dominant driver of waterbird bens at the WTP. This would lead to
strong inflection points in trend graphs as the &3 implemented in 2003-05.

2. Climatic patterns could be a dominant driver ofexbird numbers at the WTP, with strong
inflection points at or near the breaking of theudjht in ~2009. Numbers of Australian
breeding species would be expected to be higreadttrt of the long drought and decrease
gradually in line with poor breeding and declinimational populations. Waterbird numbers
would be expected to decline markedly after theigiht broke (2008-10) as many
waterbirds moved inland to breed in recently refilephemeral wetlands. Large influxes to
the WTP would then occur in subsequent years sftecessful breeding and as the
ephemeral inland wetlands dried out.

3. Disturbance during construction of Activated SludRlants could be a dominant driver of
waterbird numbers and dispersion at the WTP. NumbgEwaterbirds would be expected to
decline markedly on 55E Lagoon in 2003 and on 254don in 2005, for relatively short
periods during construction. Breeding cormoranth@?5W Lagoon might be reduced in
number while construction was under way.
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2 Methods

2.1 Waterfowl

Waterfowl were counted across the whole WTP siesiper year from October 2000 to
November 2012, as part of an ongoing monitoringyram. The second count of each year (in
late February or early March) was designed to fpam of the annual state-wide Summer
Waterfowl Count, conducted by the Victorian Goveemtnthrough the Arthur Rylah Institute
since 1987.

All ducks, geese, swans, coot and grebes were edamt each of these occasions (73 counts),
these being the species that habitually gatheaige Ibodies of water to feed and rest. These were
classed as ‘standard species’ (Table 1), and the‘tetal waterfowl’ refers to the sum of those
species. Other waterbirds including gulls, ternakes, swamphens and wading birds were
counted opportunistically, but no attempt was ntadasit every habitat used by this
miscellaneous group (for example, crakes usuatlg I dense aquatic vegetation and it is not
practical to estimate their numbers during sunafthis sort). Data on gulls, terns and
‘waterhens’ (Purple Swamphen, Dusky Moorhen anaBtailed Native-hen) are considered to
be reasonably indicative of those using the WTH,ae shown in selected tables where
appropriate. The waterfowl counts covered all treatt ponds, wetlands and flooded areas likely
to attract waterfowl at the WTP, along with adjacgtretches of coast. Waterfowl were counted
by species on each treatment pond, wetland ochktoftcoast. Each count (session) was
conducted over 3—6 days, focusing on a selectatpgrbspecies on each day (e.g. dabbling
ducks or diving ducks, etc.). This was necessathabeach group could be counted over the
whole WTP in a single day, minimising the riskawitsing birds or double-counting when flocks
moved between sites overnight.

One complication arose from this process, whenwmtily observations were made on a species
(generally an uncommon species such as Frecklel)Pat days other than the days when they
were being counted comprehensively. This couldlr@stwo counts of that species from a single
site on different days within a session. On the éesasions when this happened, mean values
were taken for the two counts at that site. Adjestta were then made manually if it was thought
that the same individual birds were counted twigernd) a session, at different sites (e.g. with
rare hybrids or vagrants such as Northern Showeldch were believed to be represented by
single birds).

One experienced observer (Robert Swindley) conduadtehese counts, with occasional
assistance from other experienced observers. Glyseaviation was assessed during early counts
and showed that different observers counted diftenambers of birds, but they detected similar
species composition across geographical and tetgadients (Loyn et al. 2001). Data were
entered into a database and used to generate, tgialphs and data for statistical analysis.

2.1.1 Species groupings for analysis

Waterfowl were considered by species and also byping duck or grebe species with similar
feeding behaviours into guilds (Table 1). The guilere dabbling ducks (which upend for food

in near-surface waters), diving ducks (which divatcess deeper food), filter-feeding ducks
(which filter surface waters to retain abundantlsorganisms), grazing ducks (which sometimes
feed on terrestrial vegetation) and grebes (whieh fbr animal food such as fish or crustaceans).
Swans and coot were also treated as guilds (regpelyaipending or diving for vegetable matter

in water of medium depth) although each was reptegeby a single species (Black Swan and



Eurasian Coot). Total waterfowl was also consider®d guild, consisting of all the standard
species (Table 1).

2.1.2 Analysis
Waterbird count data were considered in three maiys as follows:

1. Graphical and statistical analysis of trends owsetfor selected waterfowl guilds and species
across the whole WTP, investigating whether theaig have been an inflection when the
EIP was implemented during 2003-05, and whethératfiected particular species as
predicted,;

2. Examination of mean counts of all species acrassvtiole WTP for four time-periods: 2000—
02 (pre-EIP); 2003-05 (during EIP); 2006—08 (po-twith continuing drought); and 2009—
12 (post-EIP, post-drought); and

3. Examination of bird distributions and mean couritsedected important species for various
combinations of sites at the WTP for the four tipegiods used in approach 2, to assess
whether the habitat values of those site combinatiave increased or decreased over time.
The combinations of sites are listed for waterfowTable 2.

Time-series models were used to inform the firgrapch (see section 2.6) while descriptive
methods were applied to approaches 2 and 3. Fooagmes 2 and 3, count data were excluded
where necessary to achieve an equal representdtémunts from each of five seasons (late
February or early March; April to June; July; AugtesSeptember; and October to November).
January counts were unfortunately missed in twosy€001 and 2003) and counts from that
season (January) were excluded from this analgiiag with a single December count (2001). A
count from June 2002 was excluded from this anslgsiit followed one in late April/early May,
which was the more usual timing for that seasoa @fily exception being June 2006). Similarly,
a count in November 2010 was excluded from thidyaisabecause it followed one in October
2010. A count from October 2000 was included t@abe¢ a missed count for October 2002. This
produced a balanced set of 60 counts (12 yearseagons). Further statistical analysis was
planned to apply quantitative methods to approa2hasd 3 but did not prove necessary in view
of results from the time-series models.

Table 1. Waterfowl species recorded in 73 waterfowl counts at the Western Treatment Plant,
with guilds to which they were assigned and mean and maximum counts (2000-12, n=73). A
few extra species (marked *) are also shown where the counts provided useful data, but are not ‘standard
species’ and are not included in ‘total waterfowl’.

Species Scientific name Guild Mean Max
Magpie Goose Anseranas semipalmata Goose 0.2 11
Musk Duck Biziura lobata Diving duck 1005 2103
Freckled Duck Stictonetta naevosa Filter-feeding duck 65.2 554
Cape Barren Goose Cereopsis novaehollandiae Goose 13.7 65
Domestic Goose Anser sp. Goose 0.5 2
Black Swan Cygnus atratus Swan 2977 6244

Australian Shelduck Tadorna tadornoides Grazing duck 5623 34922



Species Scientific name Guild Mean Max
Australian Wood Duck Chenonetta jubata Grazing duck 8.4 109
Pink-eared Duck Malacorhynchus membranaceus Filter-feeding duck 12419 50991
Australasian Shoveler Anas rhynchotis Filter-feeding duck 3759 17433
Northern Shoveler Anas clypeata Filter-feeding duck 0.1 1
Grey Teal Anas gracilis Dabbling duck 3651 12466
Chestnut Teal Anas castanea Dabbling duck 3578 10914
Mallard Anas platyrhynchos Dabbling duck 0.1 1
Mallard-Black Duck hybrid Anas sp. Dabbling duck 0.2 1
Domestic Duck Anas sp. Dabbling duck 0.1 1
Pacific Black Duck Anas superciliosa Dabbling duck 1001 3148
Hardhead Aythya australis Diving duck 3429 15518
Blue-billed Duck Oxyura australis Diving duck 4078 11897
Australasian Grebe Tachybaptus novaehollandiae Grebe 80.8 684
Hoary-headed Grebe Poliocephalus poliocephalus Grebe 8959 24881
Great Crested Grebe Podiceps cristatus Grebe 44.4 760
Eurasian Coot Fulica atra Coot 2712 17527
Australian Pelican* Pelecanus conspicillatus Pelican 166 509
Brolga* Grus rubicunda Crane 1.3 6
Purple Swamphen* Porphyrio porphyria Waterhen 147 1055
Black-tailed Native-hen* Tribonyx ventralis Waterhen 20.1 211
Dusky Moorhen* Gallinula tenebrosa Waterhen 1.5 25
Silver Gull* Chroicocephalus novaehollandiae  Gull 1527 13462




Table 2. Combinations of sites considered in relation to distribution of waterfowl at the
Western Treatment Plant, 2000-12, with notes on effects of the Environment Improvement
Program (EIP) including construction of Activated Sludge Plants. Mean counts of waterfowl
(standard species) are shown to indicate the relative importance of each group of sites over this period (n =

73).

Site combinations

Mean
waterfowl
count

Notes

New lagoons (115E)

New lagoons (55E & 25W)

Old lagoons

Decommissioned lagoons

(Lake Borrie North & South)

Decommissioned lagoons

(Western & T-section Lagoons)

Conservation ponds

Utility ponds, paddocks and channels

Natural swamps or creeks

Spit Lagoon

Coast and outlets

4300

9685

16104

10812

1462

2651

409

155

742

2110

Stable management to July 2010 when received
treated effluent not raw sewage

Now main site of primary sewage treatment:
Activated Sludge Plants built in 2003 (55E) and
2005 (25W)

Primary sewage treatment discontinued under EIP;
continue to provide secondary treatment

Removed from treatment process under EIP;
receive treated effluent for environmental
purposes; some ponds drawn down for
conservation purposes

Removed from treatment process under EIP;
receive treated effluent for environmental
purposes; many ponds drawn down for
conservation purposes (shorebirds, frogs and
saltmarsh for Orange-bellied Parrot)

Managed to provide habitat for waterbirds and
frogs, involving drawdown cycles for shorebirds in
some cases; includes borrow pits and new flooded
paddocks (Q-section)

Paddocks removed from treatment process under
EIP, now receive treated effluent for agricultural
purposes

Four disparate sites: an ephemeral swamp (Ryan
Swamp, important when flooded), periodically
flooded saltmarsh near Point Wilson and two creeks
(Cherry-tree Creek and Little River)

Intertidal area sheltered by North and South Spits;
received treated effluent from Murtcaim Drain until
2003 when grass filtration discontinued under EIP

Coast from South Spit in west to Werribee River in
east, including intertidal mudflats (other than those
in Spit Lagoon), outlets and Little River estuary

2.2 Shorebirds

Shorebirds were counted across the whole WTP st flegee times each summer and once in
winter each year from 2000 to 2012, as part ofrdicning program. One of the summer counts



and the winter count were designed to coincide wofitler counts in southern Australia, and
contribute to a national program of shorebird cewatordinated by the Royal Australasian
Ornithologists Union (now Birdlife Australia) ankde Australasian Wader Study Group (AWSG).
These biannual counts provide a run of data fraW P since 1981, when they began as a
voluntary initiative of the Victorian Wader Studydgip. The counts are carried out at high tide
when shorebirds are concentrated in roosts. Ohsevisdt all known shorebird sites in the WTP,
explore for new ones, and count individuals of estubrebird species present.

For the current program, component counts werenisge in ten separate districts of the WTP,
and counts were usually conducted at low tide dsasehigh tide to give a better picture of
foraging sites as well as roosting sites. Counthofebirds at high and low tides at the WTP
were found to correspond closely, with no tendencyne to be higher than the other (Rogers et.
al 2013). In the analyses, when both high and Ider¢ounts were done on the same day, we
used the higher of the two counts for each speSiese 2004 the exact time and location of each
component shorebird count has been recorded, alithghe proportion of birds foraging during
each count. This allows shorebird totals seenabae site to be compared with tide conditions,
and an assessment of whether sites are used &girigr roosting or both. Standard field surveys
are carried out by three observers, now typicaiyiy Rogers (counting shorebirds at the
Western Lagoon and The Spit Nature ConservatioeiiRey Robert Swindley (sites east of Little
River) and Maarten Hulzebosch (remaining sitesg dbservers co-ordinate closely by mobile
phone during the surveys to ensure no birds arbldaounted or overlooked.

In some years, additional counts were carriedmgpring and autumn to improve understanding
of seasonal fluctuations in numbers. Similar dagaevecollected from a nearby site (Avalon
Saltworks), with the intention of using this aséerence site. However, there have been major
changes in the management of the saltworks, coatpligzany use of the data for this purpose.
Hence the data from Avalon are not presented osidered specifically in this report.

2.2.1 Species groupings for analysis

Of the 37 shorebird species recorded during caairitsee WTP between 2000 and 2012 (Table 3),
12 were species that nest in Australia or New Zeh{henceforth referred to as ‘Australasian
shorebirds’) and the remaining 25 were ‘trans-egpigtmigrants’ from breeding grounds in the
Northern Hemisphere. Some 27 shorebird speciesmectquite regularly at the WTP, but only
four species (Australian Pied Oystercatcher, Blatiged Stilt, Masked Lapwing and Red-
necked Stint) were recorded in every shorebirdesurbout ten of the species were vagrants,
recorded in three or fewer years during the stuahop, and they are not considered further in
this report.

We also classified the habitat preference of epelies (Table 4). Species were treated as
‘coastal’ if they foraged predominantly on tidadtd when the tide was low enough to do so; as
‘wetland'’ if they foraged predominantly on non-tignds even when the tide was low; and as
‘both’ if they foraged regularly in both non-tidabnds and on tidal flats. Demarcations between
these categories were not always clear cut. Fanpbe reasonable numbers of Red-necked
Avocets were recorded foraging on tidal flats, thety only did so occasionally, in very still, hot
conditions, for short periods when the tide way¥ew. In contrast, Red-necked Avocets were
recorded foraging on non-tidal ponds whenever therse present at the WTP, so we treated them
as a ‘wetland’ species.



Table 3. Mean and maximum counts of shorebird species at the Western Treatment Plant,
2000-12.

Species Scientific name Guild* Mean Max

Australian Pied Oystercatcher
Sooty Oystercatcher
Black-winged Stilt
Red-necked Avocet
Banded Stilt

Pacific Golden Plover
Grey Plover
Red-capped Plover
Double-banded Plover
Black-fronted Dotterel
Red-kneed Dotterel
Banded Lapwing
Masked Lapwing
Australian Painted Snipe
Latham's Snipe
Black-tailed Godwit
Hudsonian Godwit
Bar-tailed Godwit
Little Curlew

Eastern Curlew

Terek Sandpiper
Common Sandpiper
Common Greenshank
Marsh Sandpiper
Wood Sandpiper
Ruddy Turnstone
Great Knot

Red Knot

Haematopus longiristris
Haematopus fuliginosus

Himantopus himantopus

Recurvirostra novaehollandiae

Cladorhynchus leucocephalus
Pluvialis fulva
Pluvialis squatarola
Charadrius ruficapillus
Charadrius bicinctus
Elseyornis melanops
Erythrogonys cinctus
Vanellus tricolor
Vanellus miles
Rostratula australis
Gallinago hardwickii
Limosa limosa

Limosa haemastica
Limosa lapponica
Numenius minutus
Numenius madagascariensis
Xenus cinereus

Actitis hypoleucos
Tringa nebularia
Tringa stagnatilis
Tringa glareola
Arenaria interpres
Caldiiris tenuirostris

Calidris canutus

Aus 39.6 77
Aus 0.4 6
Aus 236 453
Aus 448 1876
Aus 132 623
NH 7.9 45
NH 0.7 7
Aus 61.1 282
Aus 41.7 296
Aus 21.3 151
Aus 18.8 146
Aus 1.6 40
Aus 119 248
Aus 0.0 2
NH 0.3 8
NH 5.0 23
NH 0.0 1
NH 6.3 56
NH 0.1 2
NH 0.8 14
NH 0.0 1
NH 0.4 3
NH 24.0 84
NH 19.4 238
NH 0.5 2
NH 1.2 13
NH 0.1 2
NH 4.8 77




Species Scientific name Guild* Mean Max

Red-necked Stint Calidris ruficollis NH 5286 12850
Long-toed Stint Calidris subminuta NH 0.1 3
Pectoral Sandpiper Calidris melanotus NH 0.9 7
Sharp-tailed Sandpiper Calidris acuminata NH 1452 6536
Curlew Sandpiper Calidris ferruginea NH 742 2732
Broad-billed Sandpiper Limicola falcinellus NH 0.1 2
Ruff Philomachus pugnax NH 0.2 3
Red-necked Phalarope Phalaropus lobatus NH 0.1 1
Oriental Pratincole Glareola maldivarum NH 0.1 2

# Aus = Australasian breeding species (Double-baleder breeds in New Zealand, others in
Australia), NH = Northern Hemisphere breeding spe¢irans-equatorial migrant).

Table 4. Number of records of foraging shorebirds at the Western Treatment Plant 2004—-12, on
coastal tidal flats and non-tidal wetlands or ponds and assigned habitat guild. Species sorted
by proportion observed feeding on tidal flats.

Species Records of Coast Ponds/ % Habitat guild

foraging (tidal) wetland feeding

birds on coast
Australian Painted Snipe 3 0 3 0.0% Wetland
Common Sandpiper 3 0 3 0.0% Wetland
Little Curlew 2 0 2 0.0% Wetland
Long-toed Stint 25 0 25 0.0% Wetland
Pectoral Sandpiper 33 0 33 0.0% Wetland
Red-necked Phalarope 3 0 3 0.0% Wetland
Terek Sandpiper 1 0 1 0.0% Both *
Wood Sandpiper 33 0 33 0.0% Wetland
Banded Stilt 4672 20 4652 0.4% Wetland
Black-fronted Dotterel 260 2 258 0.8% Wetland
Red-kneed Dotterel 369 3 366 0.8% Wetland
Marsh Sandpiper 827 53 774 6.4% Wetland
Black-winged Stilt 11458 747 10711 6.5% Wetland

Black-tailed Godwit 196 23 173 11.7% Wetland



Species Records of Coast Ponds/ % Habitat guild

foraging (tidal) wetland feeding
birds on coast

Red-necked Avocet 14193 1901 12291 13.4% Wetland
Ruff 14 2 12 14.3% Wetland
Masked Lapwing 1327 219 1108 16.5% Both
Broad-billed Sandpiper 4 1 3 25.0% Both #
Curlew Sandpiper 55071 27650 27421 50.2% Both
Sharp-tailed Sandpiper 135763 74532 61231 54.9% Both
Common Greenshank 1499 951 548 63.4% Both
Red-capped Plover 2407 1626 781 67.6% Both
Double-banded Plover 1538 1050 488 68.3% Both
Red-necked Stint 444159 352667 91492 79.4% Both
Red Knot 83 76 7 91.6% Coastal
Pacific Golden Plover 119 117 2 98.3% Coastal
Pied Oystercatcher 1802 1778 24 98.7% Coastal
Bar-tailed Godwit 493 492 1 99.8% Coastal
Eastern Curlew 19 19 0 100% Coastal
Great Knot 2 2 0 100% Coastal
Grey Plover 24 24 0 100% Coastal
Ruddy Turnstone 36 36 0 100% Coastal
Sooty Oystercatcher 19 19 0 100% Coastal
TOTAL 684151 471510 212641 68.9%

# These two species were also observed foraging on tidal flats (as well as wetlands) outside formal counts.
Both species are rare at the WTP. Elsewhere in Australia they forage mainly on tidal flats.

2.3 Ibis (feeding and roosting)

Ibis were counted in two ways. Firstly, numbersbid in irrigated paddocks were counted six or
seven times, mostly between January and July @hecgwhen ibis numbers are highest at the
WTP)each year from 2001-2012. This was done byriyia set route around the WTP and
scanning paddocks with binoculars. Numbers ofabid other waterbirds were recorded by
species along with locations of all flocks observEuese counts were mostly undertaken by a
single observer, Phoebe Macak. The pastures werkasspart of the sewage treatment process
before the EIP (land filtration in summer, and griération in winter in the western part of the
WTP). Subsequently, they were irrigated with trda#luent not raw sewage.



Secondly, numbers of ibis were counted three artimes per year between January and June
from 2002-12, as they flew to roost at two communakts at the WTP (in dead trees at Lake
Borrie and 25W Lagoon). A third roost was foundiving trees beside the Werribee River east
of the WTP, and roost counts were also conducte thn the same days where possible. The
roost counts were conducted mainly by Richard LayReter Menkhorst (Lake Borrie), Bob
Swindley (25W lagoon) and Maarten Hulzebosch (VWeriRiver). These counts were restricted
to the January-June period because that is whenibiwsisit the WTP: many leave the area in
June, presumably to breed at wetlands near Geeloog Mud Islands. Data collected by roost
counts and paddock counts are not directly compatsrause ibis that roost at the WTP may
feed elsewhere, therefore the two data sets atetténdependently. Several other waterbird and
land bird species were found to use the same foee®mmunal roosting, and their numbers
were recorded during the ibis roost counts buhatenalysed in this report.

2.4 Cormorants (breeding)

Numbers of nesting cormorants were counted by epetithe 25W lagoon at least six times each
year during the breeding period (in dead treesgasuiomerged, disused road alignments at Ponds
3, 5 and 8). The number of active nests of eactispavas recorded on each visit, and data were
obtained on the stage of nesting (building, egggang in nest). Numbers of eggs or young
visible in individual nests were recorded wheregitie without disturbing the birds. However, a
full record of nest contents could not be obtaimitiout causing undue levels of disturbance.
Cormorant monitoring was undertaken by Robert Sleind

Cormorants were found to begin nesting at each pbstightly different times, so the maximum
number of active nests was not synchronous betyeeds. Hence the maximum simultaneous
total of active nests was always less than thearswm of maximum totals for each pond, and
the latter was chosen as the best estimate ofuimber of pairs that actually nested in a given
year. Numbers of young fledged could not be catedldecause birds fledged at different times
and some soon left the colony to feed elsewhere Iditgth of the breeding season was also
recorded, as it was found to vary from a few momthen there were few nesting pairs to >8
months when there were many pairs breeding.

2.5 Freshwater Terns

Numbers of freshwater terns (Whiskered Tern andt®inged Black Tern) were counted
during waterfowl counts when they were feeding dveatment ponds and other wetlands, or
roosting in those habitats. They were also coudtethg counts of feeding ibis when they were
feeding over paddocks: this happened on some artsagihen areas with long grass had been
irrigated. However, the vast majority of recordedlved birds at wetlands.

2.6 Statistical analyses

Descriptive and quantitative approaches were useddress the main question: did trends in
waterbird numbers change in association with th@démentation of the EIP? Firstly, total counts
were graphed and mean values were calculateddartmbers of each waterbird species or guild
in four time-periods: 2000-02 (pre-EIP); 2003-08r{jdg EIP); 2006—08 (post-EIP with

continuing drought); and 2009-12 (post-EIP, postidht). These means were based on balanced
sets of data with respect to season, to minimifee®sfof seasonal variation. For the shorebird
graphs LOWESS smoothers (locally weighted scattégrhoothers) were plotted to guide the

eye, using Systat 13.



Bird distributions and mean counts of ‘standarderfatvl’ species (Table 1) were also examined
for various combinations of sites at the WTP (Tabléor the four time-periods. This allowed an
assessment of whether the habitat values of thitessesnbinations have increased or decreased
over time at groups of sites where managementd/amiparticular ways associated with
implementing the EIP. Simple t-tests were useceterthine the significance of any differences
between mean counts before and after implementafitire EIP.

To determine whether the changes in sewage manageithe WTP are likely to have affected
the use of the site by waterbirds, time-seriesyseal of transformed count data from 2000-12
were combined with tests for structural changereakpoints in the time trend.

To characterise the time-series a family of timeesemodels known as SARIMA models was
used. These are autoregressive (AR), integratadd¥ing average (MA) models with a seasonal
(S) component to the variation (Chatfield 2001)e3d1models were developed for describing
trends and forecasting in economics but now arelyidsed in various contexts where
seasonality is expected, for example, fisheriestdet al. 2011), tourism (Brida and Garrido
2009), epidemiology (Martinez et al. 2011), macooemnics (Saz 2011) and resource
consumption (Maamar 2013; Sigauke and Chikobvu RIRIMA models are said to be
agnostic or atheoretic in nature, ignoring explanavariables, and interested only in the
predictive power of past values of the responsibbr (Saz 2011). The value of this atheoretic
approach for the present study is that it enaldedd on one simple question; whether the EIP is
associated with a disturbance in the time-seriese seasonal variation is accounted for.

The SARIMA time-series models were implementedyamthic linear models in R (R
Development Core Team 2012), using the packagdrdy#eileis 2013). These models
compartmentalise the variation in the time-sens its various seasonal components. In
addition, structural changes in the linear trergbemted with the implementation of the EIP were
tested for using the ‘breakpoint’ routine in thekege ‘strucchange’ (Zeileis et al. 2002).
‘Breakpoint’ determines and reports the best supgpdocation of breakpoints in linear trend
data, if breaks are indeed suggested. This typ@mfoach has also been referred to as broken-
stick regression. In our context, breakpoints idiet around the time of the EIP might indicate
its influence on waterbird use of the WTP site.

Firstly, the raw count data were log-transformex) dnd ‘differenced’ (represented as difference
from a previous value in the time series) accordinthe expected seasonal factor, or factors. In
our case, log-transformed count data were differdiny season, recognising that a winter count
in one year is most likely similar to winter theepious year, rather than to the previous survey in
autumn. Differencing aims to neutralise the vapiatattributable to known seasonal structure. For
waterfowl three seasons were considered (Janudatoh, April to July and August to
December) and for shorebirds two seasons (sumndewemter), taking mean values from

multiple counts in each case. In some migratoryediod species, there were repeated zero
counts during the austral winter (when adults migta the breeding grounds), so log-
tranformation of data was impossible. For such iggeanly analysed summer counts were
analysed (ARIMA rather than SARIMA time-series misjiebut model selection procedures
were identical to those described below for the BA&Rmodels.

A suite of candidate models including potentialdireoints was then examined, and the best
models selected after inspecting the outputs faidR@al Sum of Squares (RSS) and Deviance
Information Criteria (DIC) from the breakpoint aysik. If the RSS and DIC criteria did not



suggest the same optimal number of break pointemaedpresenting more than one of the
supported break point options were included.

Aikaike Information Criteria corrected for smalinsgle sizes (AICc) (Burnham and Anderson
2002) were used to select a single best modekstrand next best models if AICc, model
weight, and ¥ were similar. Selected models were tested fodussiautocorrelation and partial
autocorrelation with a view to rejecting models wéheesiduals indicated time-dependence.

This modelling procedure was applied to data orevfavl (collectively) and all waterfowl

guilds at the WTP, along with their main constitugmecies. It was also applied to the two main
shorebird groups (trans-equatorial migrants theétin north Asia or Alaska, and Australasian
breeding species that breed in Australia or Newateh, along with some of the main species in
each group. For shorebirds, the models were appt#iuto shorebirds at the WTP and to
shorebirds across all main sites in Victoria whielve been monitored annually through the study
period (Corner Inlet, Western Port Bay, Bellarirmidsula from Swan Bay to Avalon, the WTP,
Pt Cook Coastal Park and Cheetham Wetlands). Batathese additional sites was collected in
annual summer and winter counts co-ordinated bytigralasian Wader Studies Group
(AWSG), and the data were provided through the &ficats 2020 project of Birdlife Australia.
SARIMA models were not applied to data on freshwems, ibis or breeding Pied Cormorants,
because the sampling regimes were different.



3 Results

3.1 Waterfowl

3.1.1 Trends over time across the whole WTP

Changes in numbers of key waterfowl species anldgacross all 73 counts are shown in Figure
1 (species of dabbling duck and diving duck), FigRi(species of filter-feeding duck, grazing
duck, grebe, swan and coot) and Figure 3 (waterfuitls). Marked seasonal variation is
evident in all cases, with remarkable consisteratyvben most years despite variation in climatic
conditions. The most obvious discrepancy was ir02Q1, when the usual seasonal peaks failed
to materialise, especially for inland-breeding $gesuch as Pink-eared Duck, Hardhead and
Hoary-headed Grebe. All these species declineddeamify to extremely low numbers at the
WTP in summer-autumn 2010-11 (the season when mgrabe usually high), before further
influxes in subsequent years (Figures 1 and 2).

The graphs (Figures 1-3) showed little changetal teaterfowl numbers over the first ten years,
other than seasonal patterns as described belove-3éries models showed no evidence of break
points in waterfowl numbers associated with impletagon of the EIP in 2003-05, and little
evidence of significant trends over time (TableTd)e one clear exception was grazing ducks and
their main constituent species, Australian Sheldbokh of which increased significantly

(P<0.05) (Table 6) with no convincing evidence dak points in the trend (Table 5).

Major fluctuations occurred for most guilds and@es the last four years of the study (Figures
1-3), as the drought broke at different times ffedent parts of Australia. A mass exodus of
waterfowl was observed in 2010-11 (or earlier fime species), presumably leaving to breed on
ephemeral inland swamps that had filled with raifil@odwaters after many years of drought.
Declines were most pronounced for species knovimded inland (e.g. Hoary-headed Grebe,
Grey Teal, Pink-eared Duck and Hardhead) and gdibsinated by those species (grebes, filter-
feeding ducks and diving ducks) but affected adicsgs to varying degrees. The time-series
models identified break points for all guilds apecies (except grazing ducks and Australian
Shelduck) in ~2009 (followed by steep declines) agalin in ~2011 (followed by rapid

increases) as birds of these species began toyet@sumably after successful breeding in those
replenished habitats (and perhaps as those halbitgés to dry out and become unsuitable
again). These rapid decreases and subsequentsesneare significant for most guilds and
species (P<0.05) (Table 4). Massive declines inrftbhaaded Grebe (from >10,000 in 2009 to
<10 in early 2010-11) and Eurasian Coot (from 2832ummer 2010 to 16 in spring 2011) did
not register as statistically significant becaulmssythappened at seasons when these species were
increasing in other years. Most of the speciesdbalined returned in high numbers in the next
two years (2011-12). One species that did notmetuthis period (Blue-billed Duck) was found

in high numbers in 2013 (>10,000, R.Swindley unpubl

Examination of data for the whole 12 years of ttuelg revealed some details that are of interest
even though they did not manifest as significaenids or break points in the time-series models.
Figures 1-3 suggest modest declining trends foreseaterfowl species (mainly diving ducks

and filter-feeding ducks) over the first ten yeafr¢he monitoring program, before the
fluctuations associated with the breaking of theudht. Locally breeding species such as Pacific
Black Duck, Chestnut Teal and Black Swan did nowsthese initial declining trends, and some
(e.g. Australasian Grebe and Eurasian Coot) reattte@dhighest levels in the post-drought
period (2009-12) (Table 5).



Table 5. Main features of SARIMA time-series models for waterfowl at the Western Treatment
Plant, showing the number of inflection points (according to the best supported model), the
years when the trend lines changed (mean values), the gradients of trend lines for each
segment of the graph (expected annual % change) and whether they differed significantly
from zero (flat lines)(indicated by *).

Species Number Mean years Expected Expected Expected

or guild of of annual % annual % annual %
inflection inflection change for change change
points segment1l for for

segment2 segment 3

Total waterfowl 2 2009, 2011 -5.8% —69.9% * 146.0% *
Dabbling ducks 2 2009, 2011 0.0% —54.2% * 141.1% *
Diving ducks 2 2009, 2011 9.4% -79.6% * 339.3% *
Filter-feeding ducks 2 2009, 2011 -19.7% —95.3% * 242.1% *
Grazing ducks * 2 2003, 2005 -82.8% * 203.4% * 7.3%
Grazing ducks # 0 no breaks 25.9% *

Black Swan 2 2009, 2011 11.6% -13.9% 16.2%
Australian Shelduck * 2 2003, 2005 —91.8% * 281.9% * 11.6%
Australian Shelduck® 0 no breaks 26.4%*

Grey Teal 2 2009, 2011 -5.8% —-86.7% * 385.5% *
Chestnut Teal 2 2009, 2011 6.2% -40.0% * 95.4% *
Pacific Black Duck 2 2009, 2011 2.0% -23.7% 75.1% *
Australasian Shoveler 2 2009, 2011 -13.9% -11.3% 69.9%
Pink-eared Duck 2 2009, 2011 -17.3% —96.7% * 784.6% *
Blue-billed Duck 2 2009, 2011 —9.3% —76.5% * 10.5% *
Hardhead 2 2009, 2011 -12.2% —92.9% * 917.6% *
Musk Duck 2 2009, 2011 7.3% 0.0% -1.0%
Musk Duck 0 no breaks -0.8%

Hoary-headed Grebe 2 2009, 2011 3.0% -58.9% 263.3% *
Eurasian Coot 2 2009, 2011 -11.3% -80.2% 646.3% *

* Models with two or no inflection points had similar levels of support, but the models with no
inflection points provide a better fit

3.1.2 Seasonal patterns

Numbers of all species showed simple seasonalrpsattith single peaks and troughs during the
year when mean data were examined over the 12pgeid (Figures 1 and 2). Mean numbers of
most species reached their highest levels in suromautumn (January to June) and their lowest



levels in late winter or spring. The low levelsromde with the main breeding seasons for those
species, and also the time of the year when wait@iost likely to be available elsewhere in
Australia. Counts in January and February-Marchevegiite similar for most species, but
Australian Shelduck were most numerous in Januagmwnany thousands gathered each year at
the WTP to moult (becoming flightless for shortipds). Hardhead also tended to be most
numerous earlier in spring-summer (October-Januhey) other species (Figure 1). Australasian
Grebe and Great Crested Grebe appeared to benlgastous in January and most numerous in
winter or spring, but the pattern varied betweearye

3.1.3 Mean counts for four time-periods (pre EIP 2000-02; during EIP 2003-05;

post EIP 2006—-09; post drought 2010-12)
Mean counts for the four time-periods are showhahle 6 for standard species, guilds and
selected other species. Waterfowl were collectivé@§% less numerous in the two post-EIP
periods (2006—09 and 2010-12) than before or dihadsIP (2000-02 and 2003-05). However,
the pattern varied considerably between speciegaitds (Table 6). All species continued to use
the WTP in large numbers.

One guild (grazing ducks) and its main constitigg#cies (Australian Shelduck) were markedly
more numerous in the two post-EIP periods (2006&+@2010-12) than before or during the EIP
(2000-02 and 2003-05). The time-series models sthdlvad this increase was significant
(P<0.05). A much less common grazing bird, the (Bgreen Goose, showed the same pattern,
whereas Australian Wood Duck, a freshwater spehesnever been common at the WTP and
remained scarce throughout the study.

Two guilds appeared to be less numerous in thepbet-EIP periods than before or during the
EIP, and the time-series models also showed sigmifideclines. Filter-feeding ducks were
collectively 67% less numerous, and this was eviftamall constituent species (Pink-eared
Duck, Australasian Shoveler and Freckled Duck) (@ #&. Diving ducks were 32% less
numerous (Table 6), but the timing of the decliifteeced between constituent species (Figure 1),
with Hardhead showing an earlier decline (becorsiteyce in 2006-07). Musk Duck, Blue-billed
Duck and Hardhead declined markedly in 2010-1% #ieedrought broke, and returned at
various times subsequently (Blue-billed Duck in 20R.Swindley unpubl. data). Two waterfowl
species that dive for food and are not ducks (EamaSoot, which feeds mainly on aquatic
vegetation, and Australasian Grebe, which catdsbsahd other small animals) became far more
numerous post drought than previously (Table 6).

Grebes as a guild were dominated by one very numéentand-breeding species, the Hoary-
headed Grebe (Table 6). This species and the gsiédwhole showed rather little variation
between the four time-periods (Table 6, Figurea®3). However, there was huge variation
between individual counts (Figure 2), and a masslex of Hoary-headed Grebes in 2010-11
after the drought broke, as well as at occasiomad in earlier years.

The Black Swan appeared to be ~30% less numeretisIprthan in any of the three subsequent
periods, suggesting a modest increase. Dabblingsdsltowed little variation between the four
time-periods. One of the dabbling duck speciesyGeal, showed substantial variation between
individual counts (Figure 1), but numbers of ali@t constituent species were relatively stable
between counts, apart from seasonal changes. Tihe afabbling ducks (Pacific Black Duck and
Chestnut Teal) showed their highest mean courtanast of the four time-periods.



Among the non-standard species, several showeérhigban values after the EIP than before:
these included Australian Pelican, Purple Swampbesky Moorhen (very low numbers),
Whiskered Tern, White-winged Black Tern and Siléedl (Table 6). No species showed the
reverse trend.

Chestnut Teal Hardhead

Er Fost arougrt eriod EF Post crougnt penod

Grey Teal Blue-bllled Duck

......

o Foret Arnaight neriact B Pt A ight parind

Pacitic Black Duck Musk Duck

or Fazt drought seried o Past draught pericd

10000 1000

iws ane e 2w s o oo 20 o oo aw | owes | oams oz | woe wm |

Figure 1. Numbers of waterfowl at the Western Treatment Plant 2000—12: three species of
dabbling duck (Chestnut Teal, Grey Teal and Pacific Black Duck) (left side) and three species
of diving duck (Hardhead, Blue-billed Duck and Musk Duck) (right side). Grey Teal, Hardhead
and Blue-billed Duck are inland breeders, leaving the WTP when wetlands fill elsewhere.
X-axis: 1 = Jan; 2 = Feb—Mar; 3 = Apr-Jun; 4 = Jul; 5 = Aug—Sep; 6 = Oct—Nov
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Figure 2. Numbers of waterfowl at the Western Treatment Plant 2000-2012: two species of filter-
feeding duck (Pink-eared Duck and Australasian Shoveler) and one species of grazing duck (Australian
Shelduck) (left side) and three other common waterfowl species (Hoary-headed Grebe, Eurasian Coot
and Black Swan) (right side). Pink-eared Duck and Hoary-headed Grebe are inland breeders, leaving
the WTP when wetlands fill in inland Australia. X-axis: 1 = Jan; 2 = Feb— Mar; 3 = Apr—Jun; 4 = Jul; 5
= Aug—Sep; 6 = Oct—Nov; 7 = Dec
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Figure 3. Numbers of waterfowl at the Western Treatment Plant 2000—12: six waterfowl guilds

(dabbling ducks, diving ducks, filter-feeding ducks, grazing ducks, grebes and total waterfowl).
X-axis: 1 = Jan; 2 = Feb—Mar; 3 = Apr-Jun; 4 = Jul; 5 = Aug—Sep; 6 = Oct—Nov
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Table 6. Mean counts of standard waterfowl species and guilds and selected other waterbirds
(marked *) at the Western Treatment Plant in four time-periods (2000—-02 pre-EIP; 2003-05
during EIP; 2006—08 post-EIP and 2009-12 post-drought). Means are based on five counts in
each year (Feb-Mar, Apr-Jun, July, Aug-Sep and Oct-Nov). Counts in January (and one in
December) were excluded as they were missed in some years.

Species Pre-EIP During- Post- Post- Grand SE of
Mean EIP EIP drought Mean Grand
Mean Mean Mean Mean
N (number of counts): 10 15 15 20
Musk Duck 1010 1058 1353 694 1003 77.3
Freckled Duck 51.6 176.5 30.0 19.4 66.7 16.9
Cape Barren Goose 0.6 7.5 19.1 20.4 13.5 2.6
Black Swan 2086 3143 3144 2945 2901 221.8
Australian Shelduck 814 2662 4103 9766 5082 1212.4
Australian Wood Duck 8.3 14.5 6.3 6.8 8.8 2.3
Pink-eared Duck 21928 18487 7357 5032 11793 1671.8
Australasian Shoveler 7321 4169 2425 2370 3659 492.8
Grey Teal 4839 3479 2874 3881 3688 313.6
Chestnut Teal 3271 3132 3221 4114 3504 348.7
Pacific Black Duck 954 974 950 1048 989 94.1
Hardhead 3718 4088 1423 4856 3616 462.9
Blue-billed Duck 5557 5501 4789 1276 3924 443.0
Australasian Grebe 21.6 5.9 40.3 199.7 81.7 22.3
Hoary-headed Grebe 9568 10841 9994 7961 9457 799.8
Great Crested Grebe 4.1 74.7 81.7 25.7 48.3 15.3
Australian Pelican* 33 100 240 227 166 16.8
Brolga* 0.2 0.9 1.6 1.3 1.1 0.2
Purple Swamphen* 87 77 146 269 160 30.0
Black-tailed Native-hen* 46.8 19.8 5.7 15.9 19.5 4.8
Dusky Moorhen* 0.1 0.2 0.0 5.0 1.7 0.7
Eurasian Coot 3278 2614 1366 3703 2776 427.4
Whiskered Tern* 511 578 552 1164 756 183.2
White-winged Black Tern* 41.5 35.5 59.5 57.3 49.8 14.9

Pacific Gull* 0.7 0.6 0.5 1.5 0.9 0.2



Species Pre-EIP During- Post- Post- Grand SE of

Mean EIP EIP drought Mean Grand
Mean Mean Mean Mean
Silver Gull* 473 739 1177 2438 1371 301.0
Coots 3278 2614 1366 3703 2776 427.4
Dabbling Ducks 9064 7585 7046 9043 8183 648.3
Diving Ducks 10285 10647 7565 6827 8543 620.0
Filter-feeding Ducks 29301 22833 9811 7421 15518 2052.1
Grazing Ducks 822 2676 4110 9773 5091 1213.0
Grebes 9594 10922 10116 8187 9587 795.8
Swans 2086 3143 3144 2945 2901 221.8
Waterfowl
(all standard species) 64432 60428 43177 47918 52612 4181.4

3.1.4 Distributional changes at the Western Treatment Plant

Mean counts of waterfowl (all standard species)avn for ten combinations of sites in
Appendix 1, for each of the four time-periods cdeséd in Table 5 (pre-EIP 2000-02, during

EIP 2003-05, post-EIP 2006—09 and post-drought-204)0 The combinations of sites include
treatment ponds, other wetlands and coastal halsisashown in Table 2. The data are
summarised for waterfowl collectively in Table 7 chi-squared test for homogeneity showed the
distribution between these groups of sites diffesigdificantly between the two crucial time
periods (pre-EIP vs post-EIP before the breakindpefdrought) (p<0.001).

The upgraded new lagoons supported slightly highgportions of the total waterfowl at the
WTP during the EIP (when Activated Sludge Plantsameing constructed) than in other periods
(26% vs 18%, from Table 7). This suggests thatsinil disturbance was not a major factor
reducing use of those lagoons.

After the EIP, waterfowl as a group decreased B324-5n the two new lagoons where Activated
Sludge Plants were installed during the EIP, batdased by a similar amount on the old lagoons
which then received treated effluent rather thansawage (Table 7). They also decreased by
>50% on the decommissioned lagoons west of thielRiver, including Lake Borrie. Waterfowl
numbers on the tidal Spit Lagoon decreased atdirrestage (from 2003), as grass filtration was
reduced, resulting in lower effluent discharge tigto Murtcaim Drain close to the Spit Lagoon.
Mean numbers on the unmodified new lagoon (115H)aong the coast and outlets remained
stable during this time. Mean numbers at most sigetined after the drought broke in 2009-10
(Table 7), apparently holding up best on the unfiedinew lagoon (115E).

The net result of these distributional changestivasmean waterfowl numbers remained high
across the whole WTP (~25% less than before theligiere the drought broke) but waterfowl
became more concentrated on the old lagoons, aaatmcentrated on the two upgraded new
lagoons and on the decommissioned lagoons. AféeEtR, the new lagoons supported 27% of
the waterfowl (vs 30% before or during the EIP§ tid lagoons supported 43% (vs 25%), and



Lake Borrie supported 15% (vs 30%), with 15% elsenstas before (Table 7). These
distributional percentages barely changed wheunltheght broke (Table 7).

Table 7. Mean counts of waterfowl (collectively) at combinations of sites within the Western
Treatment Plant (see Table 2). Counts are divided into four time-periods (2000—-02 pre-EIP;
2003-05 during EIP; 2006—-08 post-EIP and 2009-12 post-drought). Means are based on five
counts in each year (Feb—Mar, Apr—Jun, July, Aug—Sep and Oct—Nov). Counts in January (and
one in December) were excluded as they were missed in some years. Further details by species
and guild are given in Appendix 1.

Site group Pre- During Post- Post- Post-EIP as
EIP EIP EIP drought % of mean
pre and
during
New lagoons (115E) 3408 4437 4223 4701 107.7 NS

Newlagoons (35E & 43040 15291 7325 5321

25W) 50.8 <0.01 decline
Old lagoons 15562 14423 19557 15045 130.4 <0.01 increase
Decommissioned

lagoons (all) 24141 17372 7575 5975 36.5 <0.01 decline
Other (conservation

ponds, natural and

tidal) 7774 6712 7034 4005 97.1 NS

Most of the individual species and guilds showaxilair patterns, though the magnitude of the
changes varied considerably between them (Appet)dixncreased numbers on the old lagoons
were a consistent feature across all species alusgDecreases on the upgraded new lagoons
were observed for some species (e.g. Pink-eareld, Bueckled Duck, Hardhead, Grey Teal and
Chestnut Teal) but not others (e.g. Australasiaov8ler and Hoary-headed Grebe), and
Australian Shelduck increased at both the old awl lagoons. Three species (Musk Duck, Grey
Teal and Chestnut Teal) increased post-EIP onnhedified new lagoon (115E), as well as on
the old lagoons. Hardhead and Hoary-headed Grebeased markedly on 115E post drought,
after a short absence. Decreases on the decomngiddiake Borrie were observed for filter-
feeding ducks, diving ducks and swans, but not&tnbling ducks, grazing ducks or coot.

Some species increased greatly in the later pahteopost-drought period (e.g. Hardhead,
Australasian Grebe and Eurasian Coot), and thegrgiy appeared to favour the old lagoons
and the unmodified new lagoon (115E).

3.2 Shorebirds

3.2.1 Seasonal patterns

Shorebird abundance at the WTP varied seasonadjyré-4). Seasonal trends were particularly
obvious in trans-equatorial migrants, in whichsglécies peak in numbers during the austral
summer (Table 8); their numbers are lowest in tisral winter, when adults have migrated to
their northern hemisphere breeding grounds, angsorhe immatures remain in Australia. The
build-up of numbers was gradual in spring, with fns peaking in late summer (coinciding



well with the timing of the annual summer couniatthave been maintained since 1981). The
rate of decline in autumn was clearly greater, witmbers dropping from high levels in
February to low levels in May; counts in April wdube needed to quantify this more precisely.

There were also seasonal fluctuations in numbefsisfralasian shorebirds, with total numbers
showing peaks between late summer and mid-winter varying between species (Table 8). For
example, Double-banded Plovers (migrants from bingegrounds in New Zealand) were winter
visitors, the first birds arriving in late Februaamd nearly all departing in August. Black-fronted
Dotterel was another species that regularly peakedmbers in winter. Several species showed
a late summer peak when their numbers were augthégtthe young of the year (e.g. Black-
winged Stilt, Masked Lapwing), while others shovdedmatic periodic variations that were not
clearly seasonal (e.g. Banded Stilt and Red-neékedet).

Migratory shorebirds outnumber resident Australasiaorebirds at the WTP, so the seasonal
trends for total numbers of shorebirds were simidathose for migrants only: numbers were
lowest in late autumn and winter, and then gragidalilt up to a peak in late summer.
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Figure 4. Monthly abundance of shorebirds at the Western Treatment Plant as a proportion of
peak annual numbers, 2000—-12. Bars are means, error bars depict standard errors, and the
digits indicate the number of counts carried out each month.
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Table 8. Mean numbers of shorebird species counted at the Western Treatment Plant in each of
four seasons 2000-12 (summer = Dec—Feb, autumn = Mar—May, winter = June—Aug, spring =
Sep— Nov). Species that occur infrequently at the WTP (recorded in fewer than three years of
the study period) are not included. * indicates trans-equatorial migrants.

Species summer autumn  winter spring
Australian Pied Oystercatcher 43 29 26 30
Black-winged Stilt 225 164 168 129
Red-necked Avocet 471 134 210 216
Banded Stilt 194 10 47 77
Pacific Golden Plover* 16 1 0 4
Grey Plover* 1 0 2 2
Red-capped Plover 34 78 87 32
Double-banded Plover 3 49 125 0
Black-fronted Dotterel 10 21 56 10
Red-kneed Dotterel 22 23 65 16
Banded Lapwing 3 4 1 7
Masked Lapwing 168 138 90 68
Latham's Snipe* 3 0 0 4
Black-tailed Godwit* 8 3 1 4
Bar-tailed Godwit* 6 3 2 7
Eastern Curlew* 3 0 1 1
Common Sandpiper* 1 0 0 1
Common Greenshank* 42 11 6 13
Marsh Sandpiper* 31 0 1 3
Wood Sandpiper* 1 1 0 0
Ruddy Turnstone* 4 1 1 4
Red Knot* 8 19 8 15
Red-necked Stint* 6162 1454 674 3976
Pectoral Sandpiper* 2 1 0 1
Sharp-tailed Sandpiper* 2295 122 2 1128

Curlew Sandpiper* 2098 248 225 873




3.2.2 Changes over the 12-year period

Counts of total shorebirds and trans-equatoriatamgshorebirds were both dominated by one
migratory species, the Red-necked Stint. Summentsaf total shorebirds, migrant shorebirds
and Red-necked Stint were at their highest fron8208, during the construction period of the
EIP, and declined subsequently (Figure 5). Wintemts also declined from ~2007 (Figure 5).

Trends in numbers of Australasian shorebirds inream(Figure 5) appeared broadly similar to
those of most waterfowl (Figures 1-3): they peaketie early years, declined when the drought
broke and then increased again. In contrast, Alistrahorebird numbers during winter remained
reasonably stable.
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Figure 5. Summer counts (left panel) and winter counts (right panel) of all shorebirds (top),
Australasian shorebirds (centre) and migrant shorebirds (bottom). The shaded grey areas
depict the period of the EIP (left) and the post-drought period (right). The lines are LOWESS
smoothers with a tension of 0.5.

Plots of counts against date for shorebirds thatgfe in both non-tidal and tidal habitats
suggested similar trends to those of migrants atad $horebirds, again reflecting the
proportionate abundance of the Red-necked StigtEi6). Numbers of shorebirds that forage in
non-tidal wetlands (referred to as inland spegidsigure 6) during summer showed a decline in
the post-drought period and a subsequent incré&agearé 6), as for Australasian breeding



shorebirds (most of which are wetland species)veaterfowl. During winter, numbers of
wetland shorebirds were high in the first two yesmd lower for most of the monitoring period
(Figure 6). A very different pattern was shown bycHly coastal shorebirds (dominated by Pied
Oystercatcher), which appeared to increase steiadilymbers during the study period, both in
summer and in winter (Figure 6).

When examined at species level (Appendix 2), mbtsrd numbers versus counts indicated
there were interspecific differences in trends dirae, though many species declined in numbers
immediately post-drought and then recovered. Netakteptions included the resident
Australian Pied Oystercatcher, which has steaditygased in numbers through the entire study
period; Red-kneed Dotterel and Red-capped Plovaichaseem to have increased in numbers
since the EIP, and Masked Lapwing, which may hadinked during the construction phase of
the EIP.

Results from time-series modelling are summarieetable 9 (WTP) and 10 (Vic). SARIMA
modelling was impossible for several species becthere were repeated winter counts of zero.
For these species we instead present results flRHiA modelling of summer counts only
(without a seasonal component). In several spettiese time series analyses revealed
identifiable breakpoints corresponding roughly vilie breaking of the drought in 2009; most of
these species (Black-winged Stilt, Red-capped PJ&ed-necked Avocet and Sharp-tailed
Sandpiper) are known to occur periodically in langenbers on wetlands of inland Australia. In
most other species, breakpoints could not be ffiethtivith confidence. Identified breakpoints
did not correspond closely with the implementatibthe EIP at the WTP.

Similar results were found when data were moddteah all main Victorian shorebird sites. In
both the WTP and Victoria overall, counts of mgetces of migratory shorebirds seemed to be
in decline during the study period (Tables 9 and These declines were statistically significant
at the 0.05% level for several species, while hrect the apparent declines were not significant at
this level, but the most strongly supported modeise nevertheless those estimating negative
gradients (Tables 9 and 10). Sustained increasasnibers were only found in one shorebird
species, the non-migratory Australian Pied Oystehe.
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Figure 6. Summer counts (left panel) and winter counts (right panel) of inland (=wetland)
shorebird species (top), coastal shorebird species (centre) and generalists (bottom). The
shaded grey areas depict the period of the EIP (left) and the post-drought period (right). The
lines are LOWESS smoothers with a tension of 0.5.



Table 9. Main features of time-series models for shorebirds at the Western Treatment Plant, showing the number of inflection points
(according to the best supported model), the years when the trend lines changed (mean values), the gradients of trend lines for each segment
of the graph (presented as % change per year) and whether they differed significantly from zero (* if p<0.05).

Species or guild Model type No. of Mean years of Gradient for Gradient for Gradient for
inflection inflection segment 1 segment 2 segment 3
points

Migratory shorebirds

All migrants SARIMA 0 —6.8%

Common Greenshank ARIMA 1 2011 -30.3% 107%

Curlew Sandpiper ARIMA 0 -17.6%

Red-necked Stint SARIMA 0 -12.3%

Sharp-tailed Sandpiper ARIMA 2 2011 -35.7% 691% *

Australasian shorebirds

All Australasian SARIMA 2 2008, 2011 11.4% —44.7% * 95.7% *

Aust. Pied Oystercatcher ARIMA 1 6.1%

Black-winged Stilt SARIMA 2 2008, 2011 1.0% -44.6% * 101.4%

Masked Lapwing ARIMA 0 3.8%

Red-capped Plover SARIMA 2 2003, 2009 -21.3% 37.7% * -23.7%

Red-necked Avocet SARIMA 2 2006, 2008 55.3% -97.3% * 395.3%




Table 10. Main features of time series models for shorebirds in Victorian sites overall, showing the number of inflection points (according to
the best supported model), the years when the trend lines changed (mean values), the gradients of trend lines for each segment of the graph
(presented as % change per year) and whether they differed significantly from zero (* if p<0.05).

Species Model type No. of Mean years Gradient Gradient Gradient

or guild inflection of inflection for segment1 for segment2 for segment 3
points

Migratory shorebirds

All migrants SARIMA 0 —6.8%

Common Greenshank SARIMA 0 -3.0% *

Curlew Sandpiper ARIMA 0 -18.7%

Red-necked Stint SARIMA 2 2004, 2006 -1.2% -33.6% (*) 3.6%

Sharp-tailed Sandpiper SARIMA 0 -47.1%

Australasian shorebirds

All Australasian SARIMA 0 2.5%

Aust. Pied Oystercatcher ARIMA 0 2.8%

Black-winged Stilt SARIMA 2 2006, 2007 -16.3% 79% * -17.4%

Masked Lapwing SARIMA 0 -0.6%

Red-capped Plover SARIMA 2 2007, 2010 -8.9% 44.3% ** -16.5%

Red-necked Avocet SARIMA 0 -35.6%




3.2.3 Distributional changes at the Western Treatment Plant

Mean counts of shorebirds (all species combinegishown for ten site combinations (regions)
within the WTP (Table 11) for each of the four tumeriods (pre-EIP 2000-02, during EIP 2003—
05, post-EIP 2006—09 and post-drought 2010-12piniéls 11 (high tide) and 12 (low tide).

The site combinations could be categorised as highitats, as conservation ponds or other ponds
(used for treatment, or with varying patterns aigesduring the study period). A chi-squared test
for homogeneity showed the distribution betweesélgroups of sites differed significantly
between the two crucial time periods (pre-EIP vstiiiP before the breaking of the drought), at
both high tide (cKi= 1120, d.f. = 2, p<0.001) and at low tide {¢Hi*> d.f. = 2, p<0.001).

In tidal habitats, the proportion of birds foragiaiglow tide remained reasonably consistent
through most of the study period, perhaps withcameincrease (Table 12). The proportion of

birds roosting at coastal sites at high tide inseeladuring the middle of the study period (Table
11). Most noticeably, numbers of birds roostingocky spits north of Beach Road have increased
in recent years. This increase has coincided Wilestablishment of nearby conservation ponds at
Lake Borrie Ponds 28 and 29, and when disturbed I6g.birds of prey), shorebirds often move
between these new sites and the adjacent coast.

Shorebirds were adept at finding new conservatmrdp when they were constructed. During our
study period, numbers of shorebirds increased dieatlg at a number of previously unused
ponds once they were converted to conservationgand their water levels were drawn down:
these included Lake Borrie Ponds 28 and 29, 85W§oha Pond 9, the Q-Section Lagoon and
Western Lagoon Ponds 4 and 5.

The proportion of birds roosting and foraging atdeestablished conservation ponds of the WTP
(the 35E conservation ponds, Austin Rd summer pandghe T-Section Lagoon) seemingly
declined after an initial peak before the EIP. $aMiactors were probably involved, including: (1)
movement of some shorebirds to ‘new’ conservatimmdgs in the Lake Borrie system (Ponds 28
and 29) and at 85WC Lagoon Pond 9, and (2) lownflmies at the height of the drought,
resulting in shallow water and exposed wet mudmes active treatment ponds, which were used
by large numbers of shorebirds at times.



Table 11: Average numbers of shorebirds in different regions of the Western Treatment Plant at
high tide.

Region Main Habitat Pre-EIP During EIP Post EIP Post-
drought
Summer, high tide n=10 n=12 n=6 n=6
Austin Rd / T- Section conservation 2810 2583 1373 908
35 E Conservation Lagoons conservation 2041 1207 2004 1605
Paradise Road conservation 156 100 92 106
Lake Borrie lagoons other ponds 126 165 276 325
Treatment ponds NE of Little R. other ponds 181 1077 1175 388
145W to Kirk Pt tidal 81 382 50 255
15E drain outlet to Werribee R. tidal 43 23 5 13
Between 145W and 15E tidal 0 17 0 9
Kirk Point tidal 44 308 68 5
The Spits tidal 768 1333 1180 327
Total conservation ponds conservation 5007 3890 3469 2619
Total other ponds other ponds 307 1242 1451 713
Total tidal tidal 812 1658 1248 341
Total total 6126 6790 6168 3673
Total conservation ponds as % conservation 81.7 57.3 56.2 71.3
Total other ponds as % other ponds 5.0 18.3 23.5 19.4
Total tidal as % tidal 13.3 244 20.2 9.3

Total as % total 100 100 100 100




Table 12: Average numbers of shorebirds in different regions of the Western Treatment Plant at

low tide.
Region Habitat Pre-EIP During EIP Post EIP Post-
drought
Summer, high tide n=6 n=12 n=6 n=14
Austin Rd / T- Section conservation 1223 615 851 177
35 E Conservation Lagoons conservation 514 366 931 160
Paradise Road conservation 13 66 76 136
Lake Borrie lagoons other ponds 16 363 61 30
Treatment ponds NE of Little R other ponds 11 373 936 95
145W to Kirk Pt tidal 3729 3594 1831 2001
15E drain outlet to Werribee R. tidal 201 136 33 58
Between 145W and 15E tidal 0 544 1062 1289
Kirk Point tidal 2 149 159 87
The Spits tidal 1676 1211 1007 245
Total conservation ponds conservation 1750 1047 1858 473
Total other ponds other ponds 27 736 997 125
Total tidal tidal 1678 1904 2228 1621
Total total 3455 3687 5083 2219
Total conservation ponds as % conservation 50.7 28.4 36.6 21.3
Total other ponds as % other ponds 0.8 20.0 19.6 5.6
Total tidal as % tidal 48.6 51.6 43.8 73.1
Total as % total 100 100 100 100




3.3 Ibis

Numbers of ibis feeding in paddocks at the WTPeadhgreatly over time with a tendency for
highest numbers of Straw-necked Ibis in autumnesarty winter, and of Australian White Ibis in
spring-summer (Figure 7). Mean numbers of ibis réed in paddock counts during the first and
second halves of the year are shown in Table 18doh of the time periods.

Straw-necked Ibis were generally about ten timeeemamerous in paddocks than Australian
White lbis, and counts exceeded 7,000 on two ocnagiMay 2002 and May 2005). There was a
strong seasonal effect for this species, with déingdst flocks in the first six months of each year
(P<0.001) before they dispersed, presumably td lmeding sites near Geelong and on Mud
Islands. From 2006 to 2009 the peak counts wererdut intermediate numbers were more
consistently present (Figure 7), and differencewéen the four designated annual periods (Table
13) proved to be not significant (P=0.080). No @allénteraction was found between the
designated time periods and binary season (P=Q.B@6particularly high counts were found pre
EIP in the first six months of the year (P=0.012).

Australian White lbis showed a much weaker (nomi§igant) seasonal effect (P=0.118), but a
stronger effect of designated annual periods (F40.8nd a significant interaction between these
periods and binary season (p=0.023). These efif@atdé/ed a decline over time, which was most
pronounced in the first six months of the yeahia $econd designated period (during the EIP).
Most Australian White Ibis were found feeding i thorth-east part of the WTP and the species
became very scarce in the south-west. Supplemeolegrvations showed that small additional
numbers of Australian White Ibis were feeding atlareds and tidal mudflats at the WTP, and
larger numbers were feeding at nearby sites inetutlie Werribee Zoo (at wetlands) and the
Werribee rubbish tip where they were scavengingvaste food (M. Hulzebosch pers. comm.).

Numbers of ibis roosting at the two main roosthatWTP (Lake Borrie Pond 9 and 25W Ponds
3, 5 and 8) also varied greatly over time ( FiggireThey were generally higher than the counts of
feeding ibis (by ~25% for each species), indicathmag the roosts attracted birds that had been
feeding elsewhere in the region, outside the WTP.

Between 3,000 and 6,000 Straw-necked Ibis werededaat the two roosts in 2002 and every
year from 2007 to 2009 (Figure 8). Fewer Straw-eedbis were found at these roosts in 2010-11
but over 2,000 had returned in 2012. This pattesembles that of many waterfowl species and
certain shorebird species that declined at the Whién the drought broke and returned
subsequently.

Australian White Ibis showed a different patterp. td ~200 were found entering roosts from
2002-07 but numbers then dropped to <50 over tketwe years. Only small numbers of
Australian White Ibis roosted at Lake Borrie, wittost being found at 25W Lagoon. Even larger
numbers (up to ~1200) regularly used the roostatterribee River. Numbers increased after the
drought broke (in contrast to Straw-necked Ibig) #re highest count was of 1868 birds at 25W in
January 2012.

A third species, Glossy lbis, was found mainly iethand habitats, in very small numbers (<20).
Favoured habitats included the 270S borrow pits Rtradise Road ponds, and flooded pasture in
or near the west of the WTP. They usually roosest mvhere they were feeding but were
sometimes seen joining other roosting ibis in deaes at Lake Borrie or 25W.
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Figure 7. Total numbers of Australian White Ibis and Straw-necked Ibis recorded feeding in
paddocks at the Western Treatment Plant, 2001 to 2012. Numbers on x-axis are month, * -
counts were over 2 days.
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Table 13. Mean counts of ibis (Australian White Ibis and Straw-necked Ibis) in paddocks at the
Western Treatment Plant, 2001-12, for two seasons (Jan—June and July—Dec) and the four time
periods (pre EIP 2001-02, during EIP 2003-05, post EIP 2006—-08 and post-drought 2009-12).

Yearly 2000-02 2003-05 2006-08 2009-12
period:
Species Season Pre EIP During Post EIP Post
EIP drought
Australian White Ibis Jan-June 440 264 65 43
Australian White Ibis July—Dec 286 75 142 71
Straw-necked Ibis Jan-June 4406 2753 2266 1653
Straw-necked Ibis July—Dec 449 500 682 419
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Figure 8. Total numbers of Australian White Ibis and Straw-necked Ibis roosting
at the Western Treatment Plant (Lake Borrie & 25W lagoon), 2001-2012.
X-axis 1 = Jan—Feb; 2 = Mar-Apr and 3 = May—Jun.



3.4 Cormorants

Four species of cormorant and one similar fishrgghird (Australasian Darter) were found to nest
regularly in dead trees at the 25W Lagoon (Tab)e A4ifth species of cormorant (Black-faced
Cormorant) was found to roost consistently in thee trees in small numbers (<20) from 2008,
although there was no sign of nesting (and nestimgld not be expected for this species at the
WTP, as it generally favours exposed rocky coasts).

Pied Cormorants were by far the most numerous epétable 14). Nesting began in January in
most years, or sometimes as early as late Decewhbigz previous calendar year (2010, ahead of
the 2011 season). In 2002 all nests were in tre@srad 8 (Brett Lane and associates 2002) but
increasing use was made of trees in Pond 5 in qubséyears. Trees at Pond 3 were also used
from 2005 to 2010. In recent years, the first nes&se usually built in trees at Pond 5, but new
nests continued to be built over several weekscayly starting in February in trees at Ponds 3
and 8. The trees at Pond 5 usually supported tis nests, and trees at Pond 8 supported the
second most nests.

The number of active Pied Cormorant nests increfised400-500 in 2002—03 to ~800 in 2004—
06 before dropping to ~600 over the next threesyaad then increasing to ~1000 in 2010-12
(Figure 9). No decline was observed in 2005 whenAttivated Sludge Plant was built on the

25W Lagoon. The colonisation of trees at PondtBat year was associated with a small decrease
at Pond 3 (from 400 to 312 active nests) but ltHlange at Pond 5 where 360 active nests were
found (compared with 370 the previous year).

Table 14. Mean numbers of active nests and adult cormorants observed in the breeding colony
of cormorants at 25W Lagoon in the Western Treatment Plant in four time periods, 2002—-12.

pre during post post Max Year of
EIP* EIP EIP drought SE max
Years: 2002* 2003-05 2006-08 2009-12
Active nests
Pied Cormorant 462 604 698 866 62.2 1033 2010
Little Pied Cormorant 0 56 31 28 5.7 97 2004
Great Cormorant 0 3 10 4 1.2 12 2006
Little Black Cormorant 0 68 55 14 22.3 237 2005
Australasian Darter 0 11 21 9 2.2 23 2006
Max counts (eg at roost)
Pied Cormorant 906 979 1093 1060 99.8 1300 2011
Little Pied Cormorant 52 122 74 55 10.7 220 2004
Black-faced Cormorant 0 0 4 12 1.9 15 2012
Great Cormorant 10 17 28 41 7.4 94 2012
Little Black Cormorant 222 508 306 589 100.3 1160 2012
Australasian Darter * 1 12 15 14 2.2 24 2012

¥ data for 2002 are from Brett Lane and Associa@822
* Australasian Darters often arrived late at roolyeng singly and low in the dusk, and numbers
may have been under-estimated.



Peak numbers of active nests were found in Febimrakjarch each year at Ponds 5 and 3, and a
little later at Pond 8 (mainly late March or Apilgcasionally as late as early July). Most nests ha
finished by June or July but very small numbergiooed to be active in subsequent months in
some years. Nesting at Pond 5 had finished in M&0D5, but continued into July at Pond 8. The
other cormorant species showed different seasatirps, e.g. Little Pied Cormorants began
breeding in spring. No clear trends were evidenbfber species. Large numbers of Little Black
Cormorants were found nesting in 2005 (237 nesid)2906 (131 nests), with many fewer in
other years (Table 14).
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Figure 9. Numbers of active Pied Cormorant nests at the 25W Lagoon (Pond 3, 5 & 8) of
the Western Treatment Plant, 2000-2012. X-axis: 1 = Jan; 2 = Feb; 3 = Mar; 4 = Apr;
5 = May-Jun; 6 = Jul-Aug; and 7 = Dec.

3.5 Freshwater Terns

Both Australian species of freshwater tern occuregilarly at the WTP: the Whiskered Tern
(which breeds in inland Australia) and the less wam White-winged Black Tern (a trans-
equatorial migrant that breeds in central AsiathBeere found feeding mainly over wetlands
where they took insects such as midges and mayfbesthe water surface (Figure 10) and from
tall vegetation on the banks. Flocks often gathéva@st in vegetated wetlands, especially the 35E
conservation ponds and the 270S borrow pits, tNé@%hagoon Pond 9 (after it was converted to
a conservation pond), among dead trees at LakéeReond 9 and among rocks at the Austin
Road summer ponds. Flocks occasionally fed ovests@and estuaries and sometimes rested on
tidal mudflats. Flocks of Whiskered Terns sometiiogaged over grasslands, usually where there
was tall vegetation or irrigation water. Birds fereglin grassland constituted only 3.8% of records
(on nine dates) and all were found at times whersfgiecies was also humerous over treatment
ponds (Table 15). Birds in treatment ponds androtletland habitats were all counted as part of
the waterfowl counts, albeit with less precisioartlior waterfowl because flocks were highly
mobile, feeding on the wing and moving readily bedw wetlands.

Whiskered Terns were humerous from October to Jgrninanost years and scarce at other times
(Figure 11). Few juveniles were observed and tiva®no evidence of local breeding. The species
failed to appear in 2010-11 after the drought ha#tén but returned in large numbers in



subsequent years (as for inland-breeding waterdomlsome shorebirds). The highest counts over
treatment ponds and other wetlands were of 540irember 2008, 4400 in January 2009 and
4000 in November 2007. The highest counts overstaads were of 416 in October 2001 and 430
in November 2008 (P. Macak unpubl. data). Mean remntvere higher post EIP (towards the end
of the drought) than at other times.

White-winged Black Terns were less numerous anwvela different seasonal pattern, with few
seen in spring and the main arrival occurring ta Becember or early January (Figure 11).
Numbers then remained high into April or May (Tabtg); these birds often attained breeding
plumage and a few sometimes stayed as late asThegwere not seen foraging over grasslands
except in close association with adjacent wetlands.

Neither species showed strong changes in numbsosiated with implementation of the EIP.

Table 15. Mean numbers of freshwater terns counted in or near wetlands at the Western
Treatment Plant during waterfowl counts, in four time periods 2000-12.

Species Pre EIP During Post EIP Post Grand
EIP drought

Years: 2000-02  2003-05 2006-08  2009-12

Season
Whiskered Tern Mean 609 651 1069 647 745
Whiskered Tern SE 239.0 298.5 423.3 256.3 157.2
White-winged Black Tern Mean 23.5 18.5 17.3 12.7 17.1
White-winged Black Tern SE 11.8 7.3 8.4 3.4 3.5

Figure 10. Whiskered Tern, WTP November 2008. Leg flag applied by the Victorian Wader Study Group
to investigate movement patterns, Photographer Peter Menkhorst
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4 Discussion

4.1 Waterfowl

The results show a dominant effect of climatic gbods on waterfowl numbers — the lack of
inflection points in the SARIMA models that coineitlwith the EIP provides strong evidence that
the EIP did not have a dominant impact on waterfmuhbers using the WTP. The observed
redistribution of waterfowl at the WTP was probahlgonsequence of the EIP, but the positive
effects (on the old lagoons) helped counterach#dgative effects (on the decommissioned lagoons
and the new lagoons where Activated Sludge Plaats installed).

The impact of climate became most evident wherthaght broke in ~2009. It is rarely possible
to give exact dates for the start and finish obmglex environmental condition such a drought, as
dry periods are punctuated by rainfall events ofivg intensity. This is especially difficult when
considering a vast area such as eastern Austrdiiere rainfall patterns vary greatly between
regions. There may be long time lags (several n®)ritatween water falling in one place and
arriving at another where it provides useful halitawaterbirds. Much of eastern Australia
became progressively drier from about 1997, andisiw&l amount of winter—spring rain did not
return to the south-east until 2009—-10. Howeveayhgains fell in parts of northern and inland
Australia from 2008, and some of the water flowddnd to fill ephemeral wetlands in subsequent
years. By the end of 2009 significant rain hadefalbver much of eastern Australia, and wet
conditions prevailed over the following three yedyg 2010 it was obvious that the drought had
broken.

Following the breaking of the drought numbers ohgnavaterfowl species plummeted to record
low levels in 2010-11. The usual summer—autumnosedpeaks failed to materialise, especially
for inland-breeding species such as Hoary-headebté;Grey Teal, Pink-eared Duck and
Hardhead. It is highly likely that they left to lebat ephemeral wetlands in inland Australia,
where habitat had just become available afterdhg trought. Lesser short-term declines were
observed in some locally breeding species, suggesiat some of these birds may also have
moved to breed in newly filled, ephemeral wetlamdsouth-eastern Australia or beyond.
Numbers of all these species increased again sesuient years, presumably in response to
successful breeding and perhaps also to summaergdoyisome of the unknown wetlands where
they bred. Variations between species in the exedttiming of these fluctuations may reflect
their favoured destinations. Hardhead are knowndwe further north in Australia than many
species (Marchant and Higgins 1990), and theircéigan the late 2000s may have reflected
availability of habitat in northern Australia aftieopical rains before the drought broke in the
south. The record influxes of Eurasian Coot andtralesian Grebe to the WTP in 2011-12 may
have been a product of successful breeding in nadlavithin Victoria, and subsequent dispersal
to local sites including the WTP.

Data from the annual Victorian Summer Waterfowl @todid not show such a clear pattern when
the drought ended (Purdey and Loyn 2010, 2011) yiaetlands in northern and western Victoria
had been dry for several years, and attracted tangeers of waterfowl when they refilled;

clearly they were part of the magnet that attraetaterfowl away from the WTP. During the
drought the WTP came to support increasingly higipprtions of waterfowl observed on the
Summer Waterfowl Counts, reaching a maximum of T@2008. On aerial surveys in late 2008
~70% of the waterfowl counted in Victoria werelzd WTP (R. Kingsford pers. comm.). We
suspect that many birds are missed from both tinengr Waterfowl Count and the aerial surveys,
when wetlands are not counted or not easily viditde the air. However, the data suggest that
the WTP maintained its value as waterfowl habdead tmuch greater extent than natural wetlands



during the drought, and this is entirely creditdettee WTP receives a reliable supply of water
from Melbourne’s sewage system.

The consistency of seasonal patterns during thegthtcat the WTP deserves some comment, as it
suggests that waterfowl were able to find altexgaliabitat somewhere in Australia in the seasons
when they are in lowest numbers at the WTP. This wgally in spring, the main breeding season
for most of these birds. Some ephemeral wetlatidsith spring rains and snow-melt during
spring, but during the drought there would be mlesl natural habitat than at other times. It
would be of interest to know where the birds wehewthey left the WTP during drought, and
whether they attempted to breed there. Of courselild also be of interest to know where they
went when the drought broke. Previous studies dieesv(e.g. Frith 1987; Marchant and Higgins
1990; Kingsford et al. 2002) suggest that breedingld have been far more successful in the
latter case than the former, and this is refleatatie longer periods of absence from the WTP.

The species that appeared to decline in the érsyears of the study are inland-breeding birds,
and it would be expected that their populationdadecline nationally during a long period of
drought when few breeding opportunities becameawai to them. Two of the guilds (diving

ducks and filter-feeding ducks) had been preditddak adversely affected by the EIP (Loyn et al.
2002a). However, their numbers varied greatly betwgears, and time-series models showed that
the declining trends were not significant and ditl eoincide with implementation of the EIP. The
most parsimonious explanation for the patterns rviesefor these species is that they were
responding mainly to effects of drought and rairdak continental scale.

Conservation ponds have been managed mainly foekinds and frogs: some other waterbirds
have benefited (e.g. Purple Swamphen, Whiskerenl) Tert the conservation ponds only support
a small proportion of the total waterfowl at WTRegatment lagoons are the main habitat used by
waterfowl, and management of the treatment ponusires the main factor that makes the WTP
attractive and important for large numbers of watek when climatic conditions are suitable (i.e.
when there is not abundant water elsewhere in Alistr

4.2 Shorebirds

The results show strong seasonal patterns for tigrapecies (as expected) and also for many
Australasian breeding species. The picture wasdweher complexity by a strong response to
continental rainfall patterns. This involved numbef some species declining markedly when the
drought broke in about 2009, and recovering in egbent years, in much the same way as inland-
breeding waterfowl! (see above). This pattern waended most strongly in two Australasian
breeding species (Red-necked Avocet and Black-wii®jk) and presumably involved similar
mechanisms, with birds leaving the WTP to breegidhemeral inland wetlands when they filled
with fresh water (Higgins and Davies 1996). Thagratwas also observed in at least one trans-
equatorial migratory species, the Sharp-tailed Siged, which was extremely rare at the WTP in
2010-11 when there was plenty of water in inlandtAalia. This case does not involve breeding
because the species breeds exclusively in Aratidras of Siberia (Higgins and Davies 1996), but
it seems to indicate a preference for inland wedaturing the non-breeding season when the
species visits Australia. In general, species kntiwmake extensive use of inland wetlands, both
migratory (e.g. Marsh Sandpiper) and non-migrafery. Banded Stilt), showed extensive year-
to-year variation in numbers at the WTP. As a tethel count data were not conducive to
modelling, and long-term population trends in thggsecies remain poorly understood.

SARIMA modelling identified changes in trend fofeav other migratory species but none
coincided clearly with the implementation of thé’ERather, they coincided well with changes in
trend line apparent from analysis of shorebird datahe whole of Victoria. The other Victorian
sites are effectively independent of the WTP —laanading studies have confirmed that birds from



Western Port, Corner Inlet and sites around SwanaBa highly site-faithful (VWSG,

unpublished data). If, as seems likely, therederamon cause for the correspondence of WTP
and other Victorian counts, then it is likely tccac on the breeding grounds or staging sites in
East Asia which are used by all Victoria's migrgtehorebirds. Over the whole 12 years, most
species showed a declining trend at the WTP aiitastrend for the whole of Victoria (D.
Rogers unpubl. Data). Similar declines have beparted for Western Port (Hansen et al. 2011, in
press), Corner Inlet (Minton et al. 2012) and faydaler areas in Australia (Wilson et al. 2011) and
the flyway (Amano et al. 2010).

In general, Australasian breeding species did Inotvssuch marked declines at the WTP. The
Australian Pied Oystercatcher showed an increasémgl at the WTP, and similar increases have
been observed in Western Port which is a knowmgtrold for the species (Dann et al. 1994;
Hansen et al. 2011, in press). Apparent increasBgd-kneed Dotterel and Red-capped Plover at
the WTP since the EIP may have been related tdafielopment of new conservation ponds.
Masked Lapwing may have declined during the constrn phase of the EIP (perhaps in
association with phasing out of grass filtration).

Within the WTP, shorebird numbers at specific fagdand roosting sites were dynamic, changing
rapidly in response to local conditions. Local stird distribution on the tidal flats adjacent to

the WTP has been the focus of detailed studiesdiRagf al. 2007, 2013) and is largely driven by
prey abundance and tide conditions. Local shorabgulibution on the non-tidal ponds has not
been studied in such detail, however, our monitphas demonstrated that shorebirds have readily
located and used ‘new’ conservation ponds constduay Melbourne Water, highlighting the
important role that pond management has playedkcireasing the conservation value of the WTP
to shorebirds.

4.3 Ibis

Numbers of Straw-necked Ibis fluctuated with noiobs pattern except for a decline with the
breaking of the drought in a similar manner torldoreeding waterfowl, despite the fact that a
large breeding colony exists nearby at Mud IslgiMisnkhorst 2010). Similar responses have
been observed in other coastal locations such ataiePort (Loyn et al. 1994; Hansen et al.
2011). Australian White Ibis showed a decliningitteearly in the monitoring period, coinciding
with implementation of the EIP when grass filtratiwas discontinued in the south-west part of
the WTP. The species became scarce in that ar@dt, iarplausible that the two events were
causally related. However, the species does muith fafeding round wetlands rather than in
grasslands, and also scavenges at local rubbshNipmbers increased post-drought, presumably
reflecting the improved local conditions.

Ibis are recognised as an important contributdhéoecological character of the Ramsar site (Hale
2010). They have declined at the WTP since 50,08@ wecorded there in the 1970s (Macak et al.
2002) and maximum counts in recent years have #@@d-5000. However, both Australian White
and Straw-necked Ibis are common in eastern Aistiehd have increased in historical times
because they make use of cleared farmland, aafifi@tlands and rubbish tips (Marchant and
Higgins 1990). They may play an important and pasiecological role at the WTP and more
broadly in the region. But, with current numbehg WTP cannot be said to be of major
importance for the conservation of these ibis. Feooonservation viewpoint, meeting the needs of
ibis at the WTP is a worthwhile aim but does natestee as high a priority as the conservation of
other groups such as waterfowl, shorebirds, breectinmorants and the Orange-bellied Parrot.



4.4 Cormorants (breeding)

The nesting colony of cormorants at the 25W Lagegrobably the most diverse nesting colony
of cormorants in the world, as few others, if asypport more than two or three species on a
regular basis (del Hoyo et al. 1992). The graduaigase over time, and lack of a decline in 2005,
suggest that construction activities associatel thié EIP had no adverse effects on the nesting
colony. No conclusions can be made about breediogess because this proved impractical to
measure. However, any impacts were clearly tempdifathey happened at all) as the colony
continues to thrive. Variation between years maydbated to fish stocks in Port Phillip where
these cormorants feed.

The extent of the colony has expanded during tidysin 2002 Pied Cormorants only nested in
trees at 25W Pond 8, though other species wererkmowest in trees at Pond 5 (Brett Lane and
associates 2002; R.Swindley pers.obs.). In receansytrees have been used at all three Ponds
(Ponds 3, 5 and 8).These changes may be due hga o factors including the suitability of the
dead trees as they shed branches, competitiontfr@m@ominant large cormorant species
(especially Pied Cormorant), and proximity to manmaters where the birds feed (Pond 8 is
closest and Pond 3 is furthest). It is always diehge for land managers to maintain a habitat
resource such as dead trees, where deteriorat@rtioe is inevitable and replacement
problematic at any given site.

4.5 Freshwater Terns

Both species of freshwater tern continued to ustanes at the WTP in substantial numbers
through the monitoring period, and showed no desponse to the EIP. The highest counts of
Whiskered Tern were made post EIP towards the &titealrought. Variations in seasonal or
annual pattern were probably related to availabdftwater at inland swamps, as for inland-
breeding waterfowl and some shorebirds. The faifind/hiskered Terns to arrive in 2010-11 was
a close parallel to a shorebird species (Sharpe@hndpiper) that has a similar preference for
vegetated ephemeral wetlands (Higgins and Davi@6)18espite the different use that each
species makes of those wetlands (breeding habit#té tern and non-breeding for the sandpiper).

The mid-summer (January) departures of WhiskeredsTare unique among waterbirds visiting
the WTP, and could imply a later breeding seasan for other waterbird species (which usually
show their minimum seasonal numbers in spring)s Thplausible as the terns typically breed
among aquatic vegetation (Higgins and Davies 1989&),may need water levels to subside to
reveal suitable sites at ephemeral inland wetlaWtste-winged Black Terns do not breed in
Australia and hence would not be affected by tivesibles, hence their markedly different
seasonal response. It is remarkable that they ofteain at the WTP into May or June, as that is
the time of year when they would be expected tarbegsting in central Asia, where eggs are
generally laid in early June after two weeks oft rséte selection (Cramp 1985). This suggests a
very rapid northward migration by some of thesésir

Whiskered Terns were found making substantial isemservation ponds and have undoubtedly
benefited from construction and management of thetkands, as well as from the food supplies
provided by the sewage treatment ponds. WhiskeeedsTwere also found feeding over
grasslands on an occasional basis, but these secongdtituted a small proportion (<4%) of all
observations at the WTP.



5 General conclusions

The EIP did not appear to be a major driver of watd numbers at the WTP. Two common
species that feed in grasslands (Australian Whitednd Masked Lapwing) declined early in the
period, especially in the south-west of the WTR] aray have been affected adversely by
termination of the grass filtration process. Sonsk®ad changes in distribution of waterfowl
accorded with predictions about likely effectstog E€1P, with the old lagoons becoming the most
important habitat and the decommissioned lagoocis as Lake Borrie becoming less important
than previously. Some waterfowl and shorebirdsidedlgradually during the drought but these
changes did not coincide clearly with implementatd the EIP. Changes in numbers of trans-
equatorial migratory shorebirds paralleled thosgeoked elsewhere in Victoria and more widely
in the East Asian-Australasian flyway, suggestirmpamon cause unrelated to management of
the WTP. No evidence was found that breeding caamtsrwere disturbed by construction
activities at the 25W Lagoon.

The results show that seasonal and climatic ewesits dominant drivers of waterbird numbers at
the WTP. In particular, there was a mass exodusawfy species in 2010-11 after the drought
broke, followed by a return in subsequent yearffeRint species left at different times: this may
reflect variations in timing of rainfall eventsdifferent parts of Australia (some of which
experienced high rainfall as early as 2007-08)feeht species returned at different times and in
varying numbers: many species reached their higbeslis in the last two years of the period
under review. The pattern of exodus in ~2009 amdeguent recovery was particularly marked
for inland-breeding waterfowl, some shorebirds tiraed in inland Australia (notably Red-necked
Avocet and Black-winged Stilt) or have a preferefuzanland ephemeral swamps as non-
breeding habitat (Sharp-tailed Sandpiper), andratpecies that also breed at ephemeral inland
sites (e.g. Straw-necked Ibis and Whiskered Tern).

In terms of the three hypothetical scenarios, tie of climatic events (scenario 2) was the only
one to be strongly supported by this study. Thaking of the drought had much greater impact
than any effects of the EIP (scenario 1) or distnde during construction (scenario 3).
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Appendix 1. Mean counts of waterfowl species (and selected
other waterbirds) and waterfowl guilds at the combinations
of sites within the Western Treatment Plant used in the
analyses

Counts are divided into four time-periods (2000-02 pre-EIP; 2003—05 during EIP; 2006—08
post-EIP and 2009-12 post-drought). Means are based on five counts in each year (Feb—Mar,
Apr-Jun, July, Aug—Sep and Oct—Nov). Counts in January (and one in December) were excluded
as they were missed in some years.

Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Musk Duck
New lagoons (115E) 165 346 429 281 315 31
New lagoons (55E & 25W) 303 379 276 180 274 29
Old lagoons 315 219 571 182 311 35
Decommissioned lagoons (Borrie N & S) 176 106 31 25 72 11
Decommissioned lagoons (Western & T-
section) 4 4 7 2 4 1
Conservation ponds 2 0 0 0 0 0
Utility ponds, paddocks and channels 2 1 0 0 1 0
Natural swamp or creek 9 16 17 3 11 2
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 33 37 95 26 47 6

Freckled Duck

New lagoons (115E) 0 0 0 0 0 0
New lagoons (55E & 25W) 16 86 7 2 26 9
Old lagoons 3 3 13 10 8 2
Decommissioned lagoons (Borrie N & S) 29 91 6 7 31 10
Decommissioned lagoons (Western & T-

section) 0 0 0 0 0 0
Conservation ponds 3 8 0 0 3 2
Utility ponds, paddocks and channels 0 0 0 0 0 0
Natural swamp or creek 0 0 0 0 0 0
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 0 0 0 0 0 0

Cape Barren Goose



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
New lagoons (115E) 0 0 0 0 0 0
New lagoons (55E & 25W) 0 0 0 0 0 0
Old lagoons 0 1 0 0 0 0
Decommissioned lagoons (Borrie N & S) 0 1 1 1 1 0
Decommissioned lagoons (Western & T-
section) 0 1 5 4 2 1
Conservation ponds 1 5 15 4 6 1
Utility ponds, paddocks and channels 0 0 1 1 1 0
Natural swamp or creek 0 0 0 0 0 0
Spit Lagoon 0 0 0 2 1 0
Coast and outlets 0 0 0 0 0 0
Black Swan
New lagoons (115E) 13 42 30 48 36 5
New lagoons (55E & 25W) 25 42 27 46 37 4
Old lagoons 718 990 1571 1341 1207 169
Decommissioned lagoons (Borrie N & S) 538 681 171 277 395 62
Decommissioned lagoons (Western & T-
section) 80 134 129 109 117 10
Conservation ponds 89 227 154 157 162 13
Utility ponds, paddocks and channels 26 240 246 46 141 37
Natural swamp or creek 31 38 19 20 26 4
Spit Lagoon 88 71 122 125 105 17
Coast and outlets 477 526 839 272 512 56
Australian Shelduck
New lagoons (115E) 8 10 13 35 19 6
New lagoons (55E & 25W) 48 97 152 855 355 137
Old lagoons 228 779 1594 2472 1455 411
Decommissioned lagoons (Borrie N & S) 121 318 180 511 315 87
Decommissioned lagoons (Western & T-
section) 50 209 91 160 136 38
Conservation ponds 310 589 940 626 643 149



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Utility ponds, paddocks and channels 16 26 451 16 127 77
Natural swamp or creek 0 0 0 9 3 2
Spit Lagoon 23 14 47 11 23 13
Coast and outlets 10 9 24 12 14 4
Australian Wood Duck
New lagoons (115E) 0 0 0 0 0 0
New lagoons (55E & 25W) 0 0 0 0 0 0
Old lagoons 1 0 0 1 0 0
Decommissioned lagoons (Borrie N & S) 0 0 0 0 0 0
Decommissioned lagoons (Western & T-
section) 2 0 1 0 1 0
Conservation ponds 6 11 5 3 6 2
Utility ponds, paddocks and channels 0 2 0 1 1 0
Natural swamp or creek 0 0 0 0 0 0
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 0 0 0 0 0 0
Pink-eared Duck
New lagoons (115E) 923 1011 1064 203 740 175
New lagoons (55E & 25W) 5118 7230 2319 1062 3594 664
Old lagoons 2473 1609 2029 1148 1704 414
Decommissioned lagoons (Borrie N & S) 12229 7298 3158 1010 4989 738
Decommissioned lagoons (Western & T-
section) 180 242 23 0 98 42
Conservation ponds 991 1230 587 37 632 150
Utility ponds, paddocks and channels 11 1 1 0 2 1
Natural swamp or creek 3 0 0 13 5 4
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 0 15 0 0 4 4
Australasian Shoveler
New lagoons (115E) 369 160 249 112 201 39



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
New lagoons (55E & 25W) 1443 987 1118 310 870 203
Old lagoons 2723 1354 1400 837 1421 258
Decommissioned lagoons (Borrie N & S) 2209 986 224 129 714 156
Decommissioned lagoons (Western & T-
section) 166 84 23 4 57 14
Conservation ponds 294 136 62 26 107 19
Utility ponds, paddocks and channels 5 4 1 0 2 1
Natural swamp or creek 29 0 0 16 10 6
Spit Lagoon 59 8 4 1 13 6
Coast and outlets 24 30 5 5 15 8
Grey Teal
New lagoons (115E) 410 479 580 530 510 71
New lagoons (55E & 25W) 541 350 252 241 321 39
Old lagoons 1051 704 775 950 862 127
Decommissioned lagoons (Borrie N & S) 179 224 151 243 204 32
Decommissioned lagoons (Western & T-
section) 375 218 85 55 159 42
Conservation ponds 887 705 506 400 584 55
Utility ponds, paddocks and channels 133 80 34 12 55 11
Natural swamp or creek 40 0 1 42 21 7
Spit Lagoon 450 128 52 122 161 31
Coast and outlets 773 466 705 376 547 79
Chestnut Teal
New lagoons (115E) 96 266 403 874 474 96
New lagoons (55E & 25W) 160 131 63 52 92 12
Old lagoons 463 614 859 1208 848 152
Decommissioned lagoons (Borrie N & S) 693 878 721 721 755 85
Decommissioned lagoons (Western & T-
section) 36 109 64 82 80 17
Conservation ponds 92 131 52 269 151 28
Utility ponds, paddocks and channels 10 9 3 6 7 1



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Natural swamp or creek 20 1 5 44 19 7
Spit Lagoon 1098 306 223 313 420 88
Coast and outlets 603 536 1099 350 626 84
Pacific Black Duck
New lagoons (115E) 98 138 157 177 149 16
New lagoons (55E & 25W) 92 117 132 138 123 11
Old lagoons 251 254 342 374 315 47
Decommissioned lagoons (Borrie N & S) 224 157 134 182 171 20
Decommissioned lagoons (Western & T-
section) 60 73 81 50 66 10
Conservation ponds 64 104 50 89 79 11
Utility ponds, paddocks and channels 40 51 16 51 41 14
Natural swamp or creek 7 1 0 48 17 8
Spit Lagoon 50 22 15 7 20 4
Coast and outlets 69 36 76 16 45 10
Hardhead
New lagoons (115E) 151 394 166 809 435 106
New lagoons (55E & 25W) 841 909 310 549 628 106
Old lagoons 1420 1628 1251 1952 1607 246
Decommissioned lagoons (Borrie N & S) 932 321 69 188 315 63
Decommissioned lagoons (Western & T-
section) 255 173 6 65 109 20
Conservation ponds 102 28 14 11 31 7
Utility ponds, paddocks and channels 8 2 1 3 3 1
Natural swamp or creek 7 0 0 4 3 1
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 3 0 0 1 1 1
Blue-billed Duck
New lagoons (115E) 322 608 665 109 408 61
New lagoons (55E & 25W) 3329 3166 1069 286 1709 244



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Old lagoons 989 938 2402 294 1098 188
Decommissioned lagoons (Borrie N & S) 864 997 516 85 550 75
Decommissioned lagoons (Western & T-
section) 43 34 29 1 25 6
Conservation ponds 10 6 6 0 5 1
Utility ponds, paddocks and channels 0 0 1 0 0 0
Natural swamp or creek 0 0 0 0 0 0
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 0 0 0 0 0 0
Australasian Grebe
New lagoons (115E) 1 0 1 28 10 4
New lagoons (55E & 25W) 3 0 1 4 2 1
Old lagoons 1 0 24 123 47 14
Decommissioned lagoons (Borrie N & S) 0 0 6 31 12 4
Decommissioned lagoons (Western & T-
section) 2 0 4 31 11 3
Conservation ponds 2 3 2 5 3 1
Utility ponds, paddocks and channels 7 1 2 5 4 1
Natural swamp or creek 1 0 0 8 3 2
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 5 0 0 0 1 1
Hoary-headed Grebe
New lagoons (115E) 620 673 391 1136 748 116
New lagoons (55E & 25W) 1006 1096 939 653 894 135
Old lagoons 3548 4522 6176 3540 4446 472
Decommissioned lagoons (Borrie N & S) 3140 2605 1113 881 1746 230
Decommissioned lagoons (Western & T-
section) 703 848 403 194 501 57
Conservation ponds 170 148 46 19 83 14
Utility ponds, paddocks and channels 34 19 3 4 12 2
Natural swamp or creek 50 14 16 12 20 4



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Spit Lagoon 1 0 0 0 0 0
Coast and outlets 299 293 316 113 240 43
Great Crested Grebe
New lagoons (115E) 0 1 0 9 3 3
New lagoons (55E & 25W) 0 1 1 0 1 0
Old lagoons 0 0 0 0 0 0
Decommissioned lagoons (Borrie N & S) 1 1 1 2 1 0
Decommissioned lagoons (Western & T-
section) 0 0 1 1 1 0
Conservation ponds 0 0 0 0 0 0
Utility ponds, paddocks and channels 0 0 0 0 0 0
Natural swamp or creek 1 2 1 1 1 0
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 2 71 88 9 43 15
Australian Pelican
New lagoons (115E) 0 5 12 0 4 3
New lagoons (55E & 25W) 0 0 0 1 0 0
Old lagoons 11 14 7 38 19 5
Decommissioned lagoons (Borrie N & S) 10 0 22 94 38 10
Decommissioned lagoons (Western & T-
section) 0 0 3 5 3 1
Conservation ponds 8 48 167 43 69 10
Utility ponds, paddocks and channels 0 0 0 0 0 0
Natural swamp or creek 0 2 1 1 1 1
Spit Lagoon 0 11 13 9 9 2
Coast and outlets 5 10 22 27 18 4
Purple Swamphen
New lagoons (115E) 0 0 0 3 1 1
New lagoons (55E & 25W) 0 0 0 2 1 1
Old lagoons 4 20 16 19 16 5



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Decommissioned lagoons (Borrie N & S) 38 0 53 90 49 12
Decommissioned lagoons (Western & T-
section) 0 0 1 14 5 2
Conservation ponds 45 57 80 116 80 9
Utility ponds, paddocks and channels 0 0 0 3 1 1
Natural swamp or creek 0 0 0 2 1 0
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 0 0 0 2 1 0
Black-tailed Native-hen
New lagoons (115E) 0 0 0 0 0 0
New lagoons (55E & 25W) 0 0 0 0 0 0
Old lagoons 0 0 0 0 0 0
Decommissioned lagoons (Borrie N & S) 0 0 0 2 1 0
Decommissioned lagoons (Western & T-
section) 0 0 0 0 0 0
Conservation ponds 34 19 6 11 16 3
Utility ponds, paddocks and channels 4 0 0 0 1 0
Natural swamp or creek 7 0 0 1 2 1
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 2 0 0 0 0 0
Eurasian Coot
New lagoons (115E) 234 309 75 350 252 41
New lagoons (55E & 25W) 620 700 661 944 758 114
Old lagoons 1376 808 548 613 773 94
Decommissioned lagoons (Borrie N & S) 746 470 125 799 539 102
Decommissioned lagoons (Western & T-
section) 107 112 19 126 94 23
Conservation ponds 152 282 58 137 156 38
Utility ponds, paddocks and channels 28 14 2 10 12 4
Natural swamp or creek 13 2 0 42 17 6
Spit Lagoon 0 0 0 0 0 0



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Coast and outlets 1 4 1 44 16 14
Whiskered Tern
New lagoons (115E) 18 15 45 30 28 14
New lagoons (55E & 25W) 85 84 0 90 65 35
Old lagoons 94 93 142 168 130 45
Decommissioned lagoons (Borrie N & S) 200 87 90 56 97 30
Decommissioned lagoons (Western & T-
section) 1 5 8 9 6 2
Conservation ponds 56 74 315 169 163 58
Utility ponds, paddocks and channels 3 7 42 58 32 22
Natural swamp or creek 3 0 0 0 1 0
Spit Lagoon 4 8 1 2 4 2
Coast and outlets 48 28 6 7 19 7
White-winged Black Tern
New lagoons (115E) 0 0 0 0 0 0
New lagoons (55E & 25W) 18 0 0 0 3 2
Old lagoons 7 14 2 16 11 3
Decommissioned lagoons (Borrie N & S) 14 15 8 10 12 4
Decommissioned lagoons (Western & T-
section) 1 0 2 0 1 1
Conservation ponds 2 6 46 3 14 11
Utility ponds, paddocks and channels 0 0 0 0 0 0
Natural swamp or creek 0 0 0 0 0 0
Spit Lagoon 0 0 0 0 0 0
Coast and outlets 0 0 2 3 1 1
Silver Gull
New lagoons (115E) 11 37 0 229 88 41
New lagoons (55E & 25W) 387 485 1058 1108 819 113
Old lagoons 52 209 308 802 405 149
Decommissioned lagoons (Borrie N & S) 0 6 20 172 64 28



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Decommissioned lagoons (Western & T-
section) 0 1 16 5 7 5
Conservation ponds 0 4 38 0 11 5
Utility ponds, paddocks and channels 22 0 0 75 29 25
Natural swamp or creek 0 0 0 0 0 0
Spit Lagoon 0 0 0 100 33 33
Coast and outlets 0 0 0 416 139 11
Coots See Eurasian Coot above
Dabbling Ducks
New lagoons (115E) 604 882 1140 1580 1133 144
New lagoons (55E & 25W) 793 598 446 431 537 47
Old lagoons 1765 1572 1976 2532 2025 287
Decommissioned lagoons (Borrie N & S) 1095 1259 1006 1145 1131 112
Decommissioned lagoons (Western & T-
section) 470 399 229 187 306 57
Conservation ponds 1043 940 608 758 814 71
Utility ponds, paddocks and channels 183 141 53 69 102 20
Natural swamp or creek 67 2 6 133 58 16
Spit Lagoon 1598 455 291 442 600 112
Coast and outlets 1445 1037 1881 742 1218 159
Diving Ducks
New lagoons (115E) 637 1348 1260 1199 1158 134
New lagoons (55E & 25W) 4473 4454 1656 1014 2611 318
Old lagoons 2724 2784 4224 2428 3015 291
Decommissioned lagoons (Borrie N & S) 1972 1424 616 298 938 109
Decommissioned lagoons (Western & T-
section) 303 211 42 69 139 21
Conservation ponds 114 34 21 11 36 7
Utility ponds, paddocks and channels 11 3 2 3 4 1
Natural swamp or creek 16 16 17 7 13 2
Spit Lagoon 0 0 0 0 0 0



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Coast and outlets 36 37 96 27 48 6
Filter-feeding Ducks
New lagoons (115E) 1292 1171 1313 315 941 204
New lagoons (55E & 25W) 6577 8303 3443 1374 4491 786
Old lagoons 5200 2966 3443 1995 3134 573
Decommissioned lagoons (Borrie N & S) 14466 8374 3388 1146 5734 828
Decommissioned lagoons (Western & T-
section) 346 327 46 4 156 50
Conservation ponds 1289 1374 650 62 742 159
Utility ponds, paddocks and channels 16 5 2 0 4 2
Natural swamp or creek 32 0 0 29 15 7
Spit Lagoon 59 8 4 1 13 6
Coast and outlets 24 45 5 5 18 8
Grazing Ducks
New lagoons (115E) 8 10 13 35 19 6
New lagoons (55E & 25W) 48 97 152 855 355 137
Old lagoons 228 779 1595 2473 1456 411
Decommissioned lagoons (Borrie N & S) 121 318 180 511 315 87
Decommissioned lagoons (Western and
T-section) 52 209 92 160 136 38
Conservation ponds 316 601 945 629 649 150
Utility ponds, paddocks and channels 16 28 451 17 128 77
Natural swamp or creek 0 0 0 9 3 2
Spit Lagoon 23 14 47 11 23 13
Coast & outlets 10 9 24 12 14 4
Grebes
New lagoons (115E) 621 675 392 1173 761 118
New lagoons (55E & 25W) 1008 1097 940 657 896 136
Old lagoons 3549 4523 6201 3664 4494 470
Decommissioned lagoons (Borrie N & S) 3141 2605 1120 914 1760 229



Species and Site group Pre- During Post- Post- Grand SE
EIP EIP EIP drought mean (n=
60)
Decommissioned lagoons (Western and
T-section) 704 848 407 225 512 56
Conservation ponds 173 151 48 24 86 14
Utility ponds, paddocks and channels 41 20 5 9 16 2
Natural swamp or creek 51 16 17 21 24 4
Spit Lagoon 1 0 0 0 0 0
Coast & outlets 306 364 404 122 284 49
Swans See Black Swan above
Waterfowl
New lagoons (115E) 3408 4437 4223 4701 4300 403
New lagoons (55E & 25W) 13545 15291 7325 5321 9685 1172
Old lagoons 15562 14423 19557 15045 16104 1477
Decommissioned lagoons (Borrie N & S) 22079 15132 6606 5092 10812 1147
Decommissioned lagoons (Western and
T-section) 2062 2240 969 883 1462 155
Conservation ponds 3176 3615 2498 1781 2651 243
Utility ponds, paddocks and channels 319 452 762 156 409 91
Natural swamp or creek 210 74 59 261 155 30
Spit Lagoon 1769 549 464 582 742 119
Coast and outlets 2300 2022 3251 1225 2110 223
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Figure 12. Counts of selected species of migratory sandpipers at the Western Treatment Plant.
The shaded grey areas depict the period of the EIP (left) and the post-drought period (right).
The lines are LOWESS smoothers with a tension of 0.5.
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Figure 13. Counts of selected species of Australasian shorebirds (Haematopodidae and
Recurvirostridae) at the Western Treatment Plant. The shaded grey areas depict the period of
the EIP (left) and the post-drought period (right). The lines are LOWESS smoothers with a
tension of 0.5.
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Figure 14. Counts of selected species of Australasian plovers and lapwings at the Western
Treatment Plant. The shaded grey areas depict the period of the EIP (left) and the post-drought
period (right). The lines are LOWESS smoothers with a tension of 0.5.
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