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EXECUTIVE SUMMARY

Gooseneck Swamp is situated withitme far southeastern corner of the Grampians Natidri@ark in

+ A 002 NRX I QaGodsendezl Bwarhal®rginith Brady Swammlownstream are wetlands of the
Wannon River lbodplain Although Gooseneck Swamp naturally discharges into Brady Swamp,
historically it had to fill to a certain height before the natural discharge channel and wider connecting
floodplain would receive flows. As a resuin artificial cutting constructed in the 1950s (through the
lunette bank that separates Gooseneck Swamp from Brady Swamp) was causing the swamp to freely
drain to its bed level once inflows ceasetioth reducing its depth and, more particularly, cuttisigort

its duration of inundation.

Moves to restoreGooseneck Swamp begander the direction of Gavin Cerini (then an officer with the
Department of Fisheries and Wildlife) the mid1980s,with the property acquiredn 1986 from Bob
Fraserby the Victeian Governmentand eventually incorporated into the Grampians National Park
However, a change of neighbouring land ownership in 1987 stalled plans that were well advanced at
that time to restore the hydrology of Gooseneck Swamp, and the project remaitedintil 2010 when

the Hamilton Field Naturalists CluBavin CeriniParks Victoriand the Glenelg Hopkins CMA revisited
and revived the concepiNature Glenelg Trust became formally involved in the project, initially at the
invitation of the GleneldHopkins CMA, in late 2012. By early 2013, funding had been secured from the
DEPI Communities for Nature Grant Program to build a sandbag trial structure, with various community
members coming together to help complete the works in August 2013.

The trial sadbag structure had immediate impacts on the flow dynamics at Gooseneck Swamp:

W increasing wetland depth by as much as 20 cm;

() reducing outflow drainage efficiency significantly, by causing water to take its original route
to Brady Swamp, spilling at highelevations via the natural overflow point; and,

() preventing the immediate drawdown of water levels to the bed level of the swamp, which

the drain had previously caused to occur once inflows ceased (based on flows and rainfall,
this would have started to ooc in midDecember 2013).

In achieving the above, it is reasonable to conclude that the inundation period for Gooseneck Swamp
was extended by as much as64weeks, creating a wetland refuge for wetland dependant fauna deep
into what was a hot and dry summperiod with no rainfall.

The value of Gooseneck Swamp as habitat for a wide range of flora and fauna has been demonstrated
through the initial baseline monitoring undertaken, again with community volunteer support. It is
confirmed as a particularly imp@nt site for nationally threatened species of fish, frogs and flora, as
well as providing refuge habitat into the summer months for a wide range of waterbirds. Early
indications are that the restoration trial will, as expected, significantly enhancedbtgical values of

the site in all but the driest years (i.e. those years when there are no flows to retain in the swamp).

Due to theearly success of the trial and the demonstration that site hydrology is functioning effectively
with the structure in phce, it is recommended that:

W if possible, site monitoring continue to track the hydrological and ecological response of
vegetation communities and key indicator species at the site over coming years; and,
w funding be sought to consolidate the trial structuand reinstate the earthen lunette bank

(across the drain cutting); an option with no ongoing maintenance obligations that would
permanently restoréghe natural function of flows between Gooseneck and Brady Swamps.
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1 Project Background

1.1 Introduction

Gooseneck Swamp is situated withilme far southeastern corner of the Grampians Natidridark in
+ A O 2 NI Westappfodnaaiiely 40km east of Hamiltgrsee Figure 1.

Laongaema

Figure 1¢ General locatiorof Gooseneck Swamp

Gooseneck Swammlongwith Brady Swammglownstream(see Figure 2)are wetlands of the Wannon
River foodplain, at the terminus ofthe alluvial defa located where theriver reaches the flats after
exiting the valley between the Serra and Mt William Rargjése Grampians.

terminus of the Wannon River delta, which extends back towards the Grampians.



1.2 SiteHistory

At the turn of the last century ground 1900 Heifer Swampto the east of Brady and Gooseneck
Swampswas drained for agricultural developmerafter moves to reclaim #swamp gained traction in
the 1890s(for interesting backgroungre-drainageinformation, presented in two articles published in
1892, see Appendix 7Reclaimed land was sold by the government in 19Q3wvell over 190 hectares

in size, he drainage othis extensive swampesulted in additionakurface waterbeing directed(a) to
Gooseneck Swamp (via Walker Swamp) from the natid (b) directly into the eastern side Brady
Swamp from the south. Until the 1950s, the situation remained largely unchamgédthe additional
flows supplementing surface flowiato these wetlands from the Wannon River (see 1948 image in
Figure 4) However m the 1950s, the private landholders of Walker, Gooseneck and Brady Swamps
constructed drainghrough @nd breached theaturalbanks of each of these wetlands, t@claimmore
land by encouragng water to flow into the Wannon River more efficient(gee Figure 3).

Heifer -
Swamp
(drained)

= /R : % :
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Figure 3¢ The Bunnugal Drainage Scheme area (outlined in red), showing the direction of flows (blue grrows
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Although Gooseneck Swamp naturally discharges into B3aghmp historically it had tdill to a certain
height before the natural discharge channel and wider connecting floodplaird receive flows. As a
result, the artificial cuttingonstructed in the 19508hrough the lunettebank that separates Gooseneck
Swamp from Brady Swamp, was enabling the swamp to freely drainltedtéevel once inflows ceased
¢ both reducing its depth and, more particularly, cutting short its duration of inundafogure 6 shows
the location of the lunette bank that separatése two swamps, the original floyath and the artificial
cutting.

GOOSENECK SWAMP

Location

s « Sandbag Trial
o

Figure 6¢ Modern ablique image(looking north)showing the 1950s cutting in the lunette bank that separates Gooseneck
and Brady Swamg (red arrow shows the artificial cutting, whiléolue arrows indicate natural flowpath)

Moves to restoreGooseneck Swamp begander the direction of Gavin Cerini (then an officer with the
Department of Fisheries and Wildlife) the mid1980s,with the property acquiredn 1986 from Bob
Fraserby the Victeian Governmentand eventually incorporated into the Grampians National Park
(Cerini, unpublishedlatd). To protect the remaining holdings of Bob Fraser to the east of Gooseneck
Swamp (land also subject to inundation gmerceivedto be at risk), onditions ofthe sale in 1986 were
that the Victorian Government would:
9 construct a levee bank on the new norouthtitle boundary east of Gooseneck Swamp, to
enable water restoration to the swamp.
1 setthe leveebank crest level at the santesightas the naturdbank between Gooseneck and
Brady Swamps.
1 build the bank wide enough to carry a vehicle track from Lynch’s CrossadgdBrady Swamp
(noting that this width was not achieved
1 install oneway drainage culverts through the bank to maintain drainagenefland Fraser
retained.
9 construct a newkangaroo proofpoundary fence on the bank

Although the necessary preparatierwere made (as above),lagns to reinstate the lunette bank
(decommissioning the 80m sectionadnnectingdrain) between Gooseneck aftady Swamp stalled in
1987, after Bob Fraser sold the balance of his land to the east of the swamp. Apparentwtteavner
or manager ofhe land east of Goosene@&wampthreatened legal actioif the work proceeded due to
concerns about inundatio(Ceini, unpublished data)



1.3 Recent Project Background

Due to the impassewo decades of inactiomt Gooseneck Swamgnsued,although local interest in
wetland management greatly increased from the late 199@sparticularthrough the activities and
intereds of members of the Hamilton Field Naturalists Club. Tleigel of interest and the
communicationassociated with itultimately led to a landholder meeting at Brady Swamp in 2007 with
Parks Victoriand the Glenelg Hopkins CM&lso attended by Rod Biahd Dave Munrdrepresenting
the Hamilton Field Naturalists Clyland Gavin Cerirfnow a member of the Brolga Recovery Group)

By 2010 these efforts were further rewarded when the Glenelg Hopkins CMA commissiamesv
investigation into the restoratin potential ofa number ofsouthern Grampians wetlangdsncluding
Gooseneck and Brady Swamfiefer to Herrmann 2011a, 2011b, 2012; Duggan 201i2)another
significant developmenthat had also occurretby this time the land to the east of Gooseneck Sw@
had also changed owners (now Macquarie Bank Limited) providing an opportunfiggbrdialogue in
relation to site management options.

Unfortunately it became apparent thathe modelling workinitially commissioned by the CMA was
hampered by a lackfadetailed, accurate elevation data, increasing the perceived risk associated with
moving immediately to a permanent blockage of the Gooseneck Svetifgial drainage outlet This
uncertainty,but astrong desire to progress the project, led the Glendtipkins CMA to seek the input

of Nature Glenelg Trust ilate 2012, to assessthe suitability of the sitefor implementation ofa
restoration trial.

Over the months that followed, with the spprt of the Glenelg Hopkins CMRarks Victoriaand the
HamiltonField Naturalists ClyiNature Glenelg Trust progressed the restoration ta@iceptby:
1 creating a highly accurate Gii&sed Digital Elevation Model for the sitesingaerial LIDAR
imagery flown in January 2013 (funded by the Glenelg Hopkins CMA);
1 sucessfully applying for grant funding from Round 2 of the Communities for Nature Program;
9 providing a communication conduit between private landholders and government agencies, and
gaining Parks Victoria (landowner) consent to progeset,
1 negotiating withthe new owner to the east (Darren Shelden on behalf of Macquarie Bank
Limited), gaining supporof the trial to commence in 2013

By August 2013, just as the Wannon River and Heifer Swamp catchments were beginning to produce
flows as a result of late wisat rains, all the necessapreparationswere in placeto proceed with the
temporary sandbag restoration trial structure.



2 The Restoration Trial

2.1 Logic and Bsign of the Restoration Trial

The logic of a wetland restoration trial structuregsite simple.The aim is to provida temporary,low
cost and low riskvay of enabling realime data to be collected in the field, under real conditiana
type of appliedsciencemodelling exerciseTheverynature of a sandbag structure means that it can also
be adjsted up and down in real time, to improwke understanding of sitéydrology in response to
flows. As long as the parameters of the trial are bgtproject managersvithin reasonable confidence
limits using available datahen it is an excellent appreoh for progressing wetland restoration concepts
both in situationswhere a permanent solutiormay carry a unsatisfactory level of perceived risk, or
where the most suitable option is not yet apparent

The parameters for the Gooseneck Swamp restorati@h tvere as follows:
i to achieve a weir retention height capable of restoring flows to the natural outlet, but low
enough to still permibvertopping flows under peak conditions
1 to prevent the artificial rapiddrainage of the swamp once inflows cease¢a
1 to utilise geofabric sandbags to ensure stability and serviceability of the structure for up to 5
years.

The completed structure, illustrating the basdesign implemented to achieve and addrahsse
considerationss shown in Figure 7.

N

Figure 7¢ Design of thecompletedstructure, meeting the parameters set for the Gooseneck Swamp Restoration Trial



2.2 Implementing the Trial

The site was inspectedr —
in early August to |7

assess conditions o

the ground(see Figure | . it
8) and revealed that, ' &
although the drans
upstream had
commenced flowing
and the connecting
drain held a puddle of
water, Gooseneck
Swamp itself
remained dry. So
rather than  wait

another whole year Eoas
before the trial would Figure 8¢ Conditions looking from the drain towards GooseneakéBnp on the Sth

commence, the
decision was made to
plan for the works to
occur immediately in

the hope that the
swamp would receivel
sufficient  flows in [&%
2013 to begin the &=
restoration trial. i

The subsequent
couple of weeks werejs
very wet in the local
catchment ¢ meaning
that by the time the
day for the works
arrived on Monday
the 26th August, thes

L Figure 9¢ Site conditions upon arrival at the site on the 26th August looking toward:
was significantlymore

Gooseneck Swamp from the drain. The pegs indicate the proposed location of thie

water around than on sandbag weir, and the strindine was used to monitor the downstem change in

the previousvisit (see channel water level in respong®e the works throughout the day.

Figure9). The swamp

had gone from being empty to now holding enough water for the artificial drain to have commenced
discharging a steady flow.

Before any works€ommenced the natural aitlet at the western end of the lunette (a short distance
away)was checked, only toiscover it was completely dry clearly demonstrating the impact that the
artificial cutting is having in removing water from Gooseneck Swamp at elevations beloatLital sill
level(seeFigurel3).



With the change in conditions, somg
improvisation was required to sufficientl
reduce the drain flow rate to make working
on the sandbag weir more feasible. So t
FANBRG Gl &l F2N) GKS
volunteers from Nature Glenelg Trustthe
Hamilton Field Naturalists Club, Deak
University and local landholderg/ias to install
'y 6@ dINE NI NE £ KSaa
bund upstream ofthe selected sandbag wei
site (Figurel0).

Figure 10 The First Stegg Constructing a hessian sandbag and log

bund to reduce flow rate and (to a lesser extent) depth in the
channel.

Subsequent to this preparatiomnd dthough
the wet conditions posed some logistics
challenges, once the footing bags of tain [
sandbag structure were firmly in place, th _ N
process of building the trial structure moveq e e e bl f’

along at an excellent pacg@-igure 1). Once : T m . ;;‘ v Y-
the structure was abve the standingwater A .

o

5
somewhat easier and the structure wal
completed in quick time, having a noticeabl
and immediate impact on water levels. By th
end of Monday the 28 August, a temporary
weir height had bee achievedthat it was
hoped would get close to Iifting Ievel

(Figure 2). Flgure 11¢ The sandbag crew succeedlng in getting the weir to

o . reach the height of the channel water level. Notice the minor drop
After also belng informed by a nelghbour tha water level downstream as the weir under consttion starts to

water levels upstream of the outlet had rise hold back water.
a subsequent visito Gooseneck Sawnp on
Monday the 2% of September wasan
opportunity to investigatehow things were
responding oneweek into the trial. Itwas
found that the level had risen by about 20c
from when the structure was completeca
week earlier(Figure B).

“1'1‘!&
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Figure 12¢ The Gooseneck Swamp Sandbag Crew proudly displd
Figure 13¢ Gooseneck Swamp gauge board iKS NBadAG 2F + a2t AR RIF&Qa
53cm 72cm Ken, Rowena, Lauren, Nicki, Doug and Bithinus Lachlan and
26/08/13 02/09/13 Mark from NGTg holding cameras at the timg
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A shortdistance away at the endf the lunette (to the west), and thaatural outflow between the
two swamps was now carrying a significant flQwoth in the deeper defined channel and shallow
sheet flows over a wider area of flopkhin to the west (total of about 560m wide). The

appearance of the floypath ¢ which was completely dry oneeek earlier¢ was particularly stark
see Figures4land 15 for a direct comparison.

2 S =L o A e iy TR R
‘3 Fo b PR o2 AR ~

Figure 14¢ Dry on the 26th Augus2013:The natural flav path between Gooseneck Swamp and Brady Swamp, to the

Figure B ¢ Oneweek later on the 2nd Septemb&@013:The natural flowpath (and 50m wide shallow floodplain to the
right of image) now carrying a significant volume of water through to Brady Swamp, at the natural sill level for
Gooseneck Swamp.
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These observations esite werealsosupported by what the Digital Elevation Model had predicted.
The swamp was filled toearthe 241.6mAustralian Height DatumAHD level whenwork started on
the sandbag weir on the 26th Augustowever, onaeveek (and 20cm of increased depdhthe weir
structure) later: the flow pattern and levels appesat to more closely resemble the 241.8m BH
scenario. At this elevation the natural flow path and associated floodplain at the end afiribtd
become active with flowg see Figure @.

241.6m AHD 241.7m AHD 241.8m AHD
Figure B ¢ Digital Elevation Model of Gooseneck Swamp, based on LiD#dgéry flown in January 2013

Based on the owround observations, the LIDAR information appears to have given us a very
accurate indication of what would happen as Gooseneck Swamp levels increasdd a wider
expanse of floodplaito the westof the man swampinundated and the natural flow path to Brady
Swamp activateqFigure T). This information was a key tool utilised for setting the parameters of
the trial, including the initial target height for the structurélence, used in this way, accurate
elevation data is an excellent planning tool for wetland restoration projects.

Pagel0



Althoughwater now flows out of Gooseneck Swamp at a higher elevatioan was the case when

water was passing through the artificial drain cutting in the lunette, the capacity of tHg0&®zone

of natural overflow between Gooseneck and Brady Swamps (at the western end of the lunette) is
large ¢ capable of carrying much dtier volumes of water than the drain cutting itself. In this way,
D22aSySO1 {éI YLl gAftt NBYFIAY |y a2L)Sy aeaisSvyé¢ Ol
higher flows or floods. In fact, from debris in the natural channel, it is clear that the sviasp

reached its current level semégularly during higher flows in recent years already. The n@gord

extremely important ¢ difference nowis 0 K & ¢KSy Ay Ftz2ga OSFasSsz GKS
prematurely into Brady Swamp below its natural sill heightwas previously the cas@&hisshould

give wetland flora and fauna at the site a much better opportunity to complete their life cycles, and

provide refuge habitat that will last longer into the summer montfiie change in sill height

created by the trial sucture can be observed in Figure 18.

Figure 18; The 45cm difference in water level upstream (top) and downstream (bottarfihe trial structure¢ a small
but significant margin, with additional depth of water over 600 hectares of wetland habitatiad re-instatement of
natural flows, the tial has had a substantial impact.



3 Site Monitoring Program

3.1 Introduction
3.1.1 Objectives

The two main objectives of th@ider ecological monitoring program for Gooseneck Swamp are:
1. To establish baseline monitoring datallection and describe the current ecological values
present at the wetland site
2. To document subsequent future changes to ecological values following the instalment of the
temporary sandbag weir in conjunction with assessment of the hydrological regime

3.1.2 Overview of expected ecological responses

A number of potential ecological responses are expected to occur following the instalment of the
temporary sandbag weir. These include:

w During dry (below average rainfall) winter and spring seasdren flows are rstricted,
the ecological responses are likely to be less pronouifjeegossibly nordetectable)
W Subject to adequate rainfall eventsjth inundationprolonged bypreventing water loss

through the artificial channel, vegetation dominance and communitit &hpredictedin
Gooseneck SwampofFexample, obligate wetland species may be presaméstablish
given prolonged inundation, and dominate a larger zone of the swamp area.

W Increased depth and duration of inundation around the natural overflow andcietsn
floodplainmay occurto the west of Gooseneck Swamp. During periods of high inflow,
this may subsequently alter conditions for vegetation growth, and potentially cause a
shift in vegetation structure and composition over a wider area of floodplaiimné west
of the swamp.

() Enhancement and prolonging of suitable habitat condsitor key faunal groups such as
frogs, fish and waterbirds to undertake key life stage activifigsch assummer
breeding may occuras a result of the enhancement of wetld vegetation andvetland
water holdingcapacity

A key population of the Wimmera BottlebrustGallistemon
wimmerensis occurs within the Gooseneck Swamgtion of the
Wannon river deltasystem. This species in listed as Criticg
Endangered under thé&nvironment Protection and Biodiversit}
Conservation Act(EPBC Act) 1999The other two known |
populations of this species along the MacKerfiger in Victoria %
are thought to have predominantly episodic recruitmen
following an environmental flow event wth often leads to
stands of everaged cohorts (Threatened Species Scien
Committee, 2010). Stands of this species are found in zones w
inundation is seasonal, such as that of floodplgiRigure 19)r | o
. -, . . . Figue 19¢ The Wimmera

stream banks. It is expected that conditionieve inundation is Bottlebrush (larger shrubs in
static, or where drying is prolonged, are not favourable for t| background) in the Wannon River
growth and recruitment of the Wimmera Bottlebrush. floodplain delta adjacent to

% N
{ \],

Gooseneck Swamp




A stand of this species occurs within the flood zone adjacent to the natural overflow of Gooseneck
swamp. Given thanticipated hydrological responsef the sandbag weiin the artificial channel and
what it known of the biology and preferred habitat of tiiéimmera Bottebrush, a minoiincrease in

the level or duration of inundation within the flood zone of the swamp ¢ expected tobe
unfavourable for the species. Furthermore, introducing more frequent inundation evereg
increasethe growth and recruitment potential of the species at this site. Howeealittle data
exists to confirm the likely responses of the gpies to particular frequencies and levels of
inundation, the monitoring project may help address these information gag&ven its
geographically restricted distribution, and loawerall populationsize (noting however that the
Gooseneck Swamp system pdgtion is itself quite large, consisting of thousands of individuals)
pre-empting andevaluatingany subsequent responses in the Gooseneck swamp populations as a
result of the weir installatiotis a keyissue forconsideration.

3.1.3 Limitations

Little ecologial data existed for the site prior to the commencement of the sandbagging trial.
Ongoing counts of wetland bird occupancy, partidyléghrough the main breeding (spring/sxmer)
period, have been undertaken by the Hamilton Field UXalists Group(co-ordinated by Rod Bird)
since Februar2011. No other formaftepeated ecological monitoring has been undertaken at the
site prior to the trial sandbag weir being put in place.

A highly scientifi¢i.e. statistically robustcomparison of wetland status befored after the trialat
Gooseneck Swampould not (andfor this style of small grant funded projeatguably cannot) be
undertaken as part of this project for the following reasons:

1 The relatively shorhotice timing of the (long awaited)opportunity to undetake the
sandbag trial and lack gire-project fundsfor monitoring (noting that grant programs are
more interested in funding actual works, rather than lengthy or extensive monitoring)

1 Activation offlows withinthe swamp system at the time afonstructon meant that year
one monitoring started in the wet

1 The time lag often experienced between initiating a hydrological change and withessing
ecological community shifts is an issue, particularly where hydrological change may be more
subtle.

1 The large anddynamic catchment supplying water for the site and variable climatic
conditions means that the system already experienced (in its drained state) a vast range of
existingflow conditions.Hence, he speed or nature of any change observed as a result of
the trial will be dictated by the prevailingimaticconditions overseveralyears that follow.

A prolonged dry period for instance would not be expected to produce any significant
change in site conditions, birnportantly (it should be understoodyould also not indicate
failure of the trial. Teasing apart the various factors influensiés hydrology and hence
ecological response amoject success a key point to reflect on.

For these reasons, theroject and thigeport focus on providing review ofecological outcomesgor
initially meetingthe first monitoring objectivésee 3.1.1)by providing adetailedbaseline account of
current ecological valuesssociatedwith the site, inconjunction with the triaimplementation



3.1.4 Specific Monitoring Aims

In orderto develop a comprehensive set of ecological data for the site, a number of key functional
groups hydrologicalor ecological values were identified, each having its own specifigitorong
aim, as outlined below:

w
w
w

To detect vater elevation responspost-weir constructionand monitorthrough time

To record gneral habitat responsand site conditiorthrough photopoint monitoring

To commence mre detailed floristic composition, structure, condition and change
monitoringin key ecological vegetation eonunities present at the site

To dentify the abundance and richness of species within key fauna groups, including
fish, frogs and birds

To assess thgpresence andtatus ofCallistemon wimmerensgtands

To asess the change over time in the above chamsticsin conjunction with and
following instalation of the temporary weir
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3.2 Methods

3.2.1 Water elevation

A gauge board was install@dthe artificial channel just upstream of the cutting between Gooseneck
and Brady Swamp, as per Figures 20 and 21. tpoged that the gaugboard will be surveyed in
at some point in the future to enable levels to be tied to thestralian Height Btum (AHD).

Figure 20¢ The gaugeboard in place in early August 2013, before flows reached the site from the catchmeritegs

Figure 21¢ The gaugeboard in September 2013, showing the increments used for measuring water depth
3.2.2 Photopoints

Two locations (with simple landmark reference points) have been established as photopoints. The
first is a view over the weir structureso show the impact of the structure on up and downstream
water levels, as well as showing a portion of the swamp upstream. The second is an elevated and
open view across the swamp (looking west towards the Grampians) taken from on a large fallen Red
Gumtrunk, on the eastern margin of the wetland.

Pagels



3.2.3 Ecological Vegetation Communities

A number of key ecological vegetation community (EVC) types occur within the Gooseneck Swamp
system. An assessment of the current condition of the swamp was undertaken usitigdthe of
Wetland Condition (IWC) tool, a standardised method for rapid assessment of wetland condition
across Victoria, developed by the Department of Environment and Primary Industries (DEPI). This
method allows the monitoring of change in wetland coratit based on a reference state, by
repeating the site assessments over a regular cycle. Skindides are assessed out of a possible
score of 20, each contributing to the overall condition score:

W Catchmentg Impacting land use within the surrounding clament, and wetland
buffering
Physical forng changes in the wetland size or form, including bathymetry
Hydrology ¢ severity of actions that change the water regime
Soils¢ soil integrity and impacting processes
Water properties¢ changes in water qualityr risks to quality such as salinity risk
Biota ¢ structure and health of critical vegetation liferms, and threatening processes

€ e g e¢ge¢g

An initial IWC assessmiewas conducted at Gooseneck &wnp by DEPI in 2010. The outcomes of
this assessment will serve asederence state for the site. Assessments for the Biotaisdex were
repeated within each identified wetland Ecological Vegetation Community (EVC) of the wetland
perimeter. A second IWC assessment was conducted by NGT staff during November 2018gfollowi
the instalment of the sandbag weir.

3.2.4 Frogs

Frog surveys were undertaken using a passive methodology. Digital audio recosterset up at
two locations around wetland sites currently holding watefigure 22 shows the weatherproof
housing that is hundgrom a tree or strapped to a postwith the digital recorder inside andn
external mounted microphone protrudinfjom the base.

Figure 22¢ A frog audio recording device is contained within this Weathrproof ousing

Vegetation composition at each sitwas recorded during recorder placement. Recorders were
programmed to take three separate 5 minute recordings within a 24 hour periodaat, ®pm and
12 am respectively. Recordings were undertaken for between 7 and 10 consecutive nights.

The first sarpling period was within late spring for eight consecutive days. The seasonality and
timing of recording aimed to increase the probability of detectionLdbria raniformis(Growling



Grass Frog)a regionally important speciesnd listed asnationally vulnerable under theEPBC Act
(1999) This method is also generally reliable for detectingraad range of more common frog
species with the exception of autumn calling speciés.g. Geocrinia laevisSouthern Smooth
Froglet) Categories of abundance weretiezated for each of the two sampling sites after reviewing
all recorded audio files during the survey period.

While not timed for inclusion in this report, future recording will also occur during the autumn
period to enhance the probability of detection dfe regionally rareGeocrinia laevigSouthern
Smooth Froglet).

3.2.5 Fish

Fish surveys at Gooseneck Swamp aimed to document fish species presence, abundance, and
richness. The chosen methodology, seine and-rdifling, was used primarily for increasing
proballity of detection ofthe nationally vulnerable EPBC Act 19%9%Galaxiellapusilla (Dwarf
Galaxias) but also providedan opportunistic methodfor detecting and estimating presence and
abundance of other native or exotic species.

A 7m seine net was draggde(4 times)along 20m stretches within the wamp water body. Netting

was undertaking in the deeper water zones where water column was approximately 400mm deep.
After each drag the net was lifted onto dry ground so an examination could be undertalsendlA

dip net was alsarialled with dip netting happening across various sites for a period of ten minutes;
however no fish were captured using this method.

3.2.6 Waterbirds and Raptors

The Hamiltm Field Naturalists Club (HFNC), coordinated by Rod Bérege provided fantastic
supportfor the ecological monitoring of the Gooseneck Swamp, continuing their seasonal waterbird
and raptor surveys. Surveys were conducted roughly once every four weeks over autumn, spring and
summer. Surveys were undertaken in the earlygrning, when birds were likely most active.

During the active surveys, participants undertook passive, timed observations using spotting scopes
along the east and southastern fringe of the swamp, where a large area of waterbody could be
observed. Obsentgns were made for up to 15 minutes, from the northeast of the swamp. The
information to be reorded for each survey included:

() Site (north or south)
Date,time, and dserver names
General description of weather conditions
Species present
Estimated numbeof each species present
Nesting:Species and number of adults present, description of nest position and
where possible the number of eggs and chicks present
() Additional observations worth noting.

€ g€ ¢€¢g

While walking between observation sites, participants noéey additional observations of wetland
and raptor birds, particularly along the northern drain.



3.2.7 Callistemon wimmerensipopulation

Distinct stands of the Wimmera Bottlebrush occur at a number of locations around the Gooseneck
Swamp and Brady Swamp Compl@igure 23). One mature stand occurs within the northwest
section of Gooseneck Swamp, alongedtalline of the Wannon River. Tlsecond, and largesstand
occurs to the southwest of Gooseneck, closer to Brady Swamp, and the third occurs within the
southwest floodplain of Gooseneck Swamp. The latter stand was determined as the most likely to be
impacted tochanges in hydrological regingéven its proximity to the swamp and occurrence within

the natural overflow and floodplain, arftence isa particularfocusfor monitoring.

The northwestern stand occurs in a drier site than that sowhstern site, as indicated byhe
surrounding vegetation types, ansite hydrology. Hydrological flows at this site appear to be
influencedby the northernmostof the Wannm deltaflow-paths The intention of monitoring this

stand was to serve to some degree as a control, being able to assess health and recruitment aspects
of a population that is nadlirectlyinfluenced by inundation events of the southwest floodplain.

Recrutment history and condition were assessed for the two stands, by measuring the following
parameters of each of,ra subset of individual plants:
() Location
W Height and cohort:
o0 Seedling/Juvenile/Mature 1 (DBH%10cm)
0 Mature 2 (DBH* »10,<20cm)
0 Mature 3 (DBH* >20cm)
Circumference
Percent dieback of foliage
Average number of flowering inflorescences per branchlet
Record of inundation at time of survey

€ € € €

Note: *DBH = Diameter at Breast Height
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0 0325 065 1.3 Kilometers

Figure23 ¢ Aerial map of Gooseneck Swamp system, shayviocation of Callistemon wimmerensis stands, fauna sampling points, and hydrological features.
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3.3 Results
3.3.1 Water elevation monitoring in 2013/14

Water elevation monitoring data was captured Table 1c Gooseneck Swamp: watervel depth in the
by manuallyrecording water levels at the gauge drain upstream of the weir (cm)with timing of weir
board in the drain upstream of the weir installation marked with a bold red line.

structure (Table 1 andFigure 23 during visits. Date Water Level (cm)
31/07/2013 0.00
From when the trial begam August through 26/08/2013 AM 0.50
until mid-December 2013 water levels were 26/08/2013PM 0.53
relatively stable as a result of steady inflows 02/09/2013 0.72
from the Wannon River that continued into the 11/09/2013 0.69
begnning of summer. As soaas inflows ceased 02/10/2013 0.68
(mid-late December), evapotranspiration rates 12/10/2013 067
saw swamp water levels drop rapidly by 16/11/2013 0.67
approximately 20cm per month; until the 23/11/2013 0.70
majority of the swamp was dry by late February. 14/12/2013 0.72
18/01/2014 0.50
11/02/2014 0.32
15/02/2014 0.30
15/03/2014 0.09
12/04/2014 0.00
18/05/2014 0.00
14/06/2014 0.00
0.8
0.7 -
\ —o—Water Level (cm)
0.6
0.5
0.4
0.3 /
0.2 /

0.1

July-2013

June-2014T

o

August-201k\
September-2013
October-20131
November-2013;
December-2013
January-2014
February-2014
March-2014
April-2014-
May-2014

Figure24 ¢ Gooseneck Swamp: water level depthtime drain upstream ofthe weir (cm) with timing of weir installation
marked with a bold line.



3.3.2 Photopoint monitoring

Two locations were regularly photographed to show the changing conditions at Gooseneck Swamp over
the 2013/14 spring and summer.
Site 1: At the structure

26" August 013

2" October 208

11th February 2014
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Site2: Looking west over the swamp

bl

12" September2013

15" November2013
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14" December2013

11" February2014
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3.3.3 Frog Monitoring

Frog surveys using passive recordemre conducted from 1% to 23% November 2013, with three
separate fiveminute recordings taken over each Béur period. A total of five species were detected,
including the three species of tHemnodynastegenus, as well akitoria raniformis(Growling Grass
Frog see Figure 25)0F a full listof species and recordseeAppendix 1

P f!l"";‘ - \,
Figure 25 Growling Grass Frog
The category of abundance (number of frogs calling) at both sampling sites for the Growling Grass Frog
was 1050 individuals. However isome recordings for the southern sample site, the number of
individuals calling was likelyigher. It was assumed the majority of these fainter calls were originating
FNRBY FAdzZNIKSN) F FASEtRZ Ay GKS fFNASN) . Nlatidg@as { ¢ YL
likely toexceed50.

3.3.4 Bird Monitoring

Observations of waterbird and raptor species were collated by the HFNC for surveys conducted between
25" February 2011 and 12April 2014.

A total of 35 bird species have been recorded at Gooseneck Swanmgdbe surveys, including 26
waterbird species, th&PBC Act (1998)igratory Listed specieGallinago hardwickid [ I G KI YQa { y A
state threatenedGrus rubicundBrolga) (Flora and Fauna Guarmiict 1988), and 6 species afds of

prey Appendix 2.

The trend in observations of water birds during these surveys appears to be influenced by the retention
of water, particulay over the summer period, in Gooseneswamp.Figure26 shows the abundance

and species diversity recorded for the surveyeserted in conjunction withthe monthly rainfall data

for Halls Gap.

In 2011 following ample summer rainfaind an above average annual rainfall the previous year, water
holding in the Swamp was estated at above 50% heading intatamn. A substantial nundy of
waterbirds were still observed during the surveys in February and April. During the same period of the
following year, with the region recording low rainfall over summer, no birds were observed during
survey for Februanandthe swampwasdry.

In 2013, with a recording of zero rainfall for January at Halls Gap, the Swamp was dry during the
waterbird survey in February, and very few birds seen.



Annual rainfalllater throughout 2013 was near average for the region, with above average winter
rainfall and high rainfall in October. While summer rainfall for 20¥3was below average, during the
survey on 18 January 2014, 430 birds of 15 species were observed, the highest recsimitegsurveys
began in 2011jndicating the increased value of wetlandsrough the summer months as refuge
habitat. At that time, he depth gaugénstalled within the svamp was at 0.6 metres, cortincidentally

the same height as water levels prior to the sand bag weir being installédgust 2013A significant
number of brds were also observed in February, with the demlauge still recording 0.3 nres,
although the majority of the swamp was dry by this time (due to the gauge board being situated in one
of the last locations to dry out)

Subsequent declines in the obsations in March and April 201X4flect the change in bird presence as
the swamp completely dried out¢ although the swamp vegetationremained lush andgreen with
subsurface soil moisture through the sumnaard early autumn
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Figure & ¢ Graph of bird abndance, and species richness (top) for waterbird surveys conducted between 2011 and 2014 for
Gooseneck Swamp, and (below) corresponding rainfall data for Halls Gap (dotted yellow lines indicating time of bird survey).



3.3.5 Fish Monitoring

Fish sampling was nducted on 18 November, 2013. Five individuals were recorded of the two
nationally vulnerable (EPBC Act 1999) species (Appendix 4), including one (eatakéella pusilla
(Dwarf Galaxiag Figure 27), and foulannoperca obscur@yarra Pygmy Perch). laotic species were
found during the sampling.

Figure 27¢ A male (top) and female (bottom) dwarf galaxias

3.3.6 Callistemon wimmerensis

Callistemon wimmerensis stands
were monitored on two occasions, i
November 2013 and March 2014.
plants located were mature g
individuals and three main cohorts @
identified based on the Diameter af§
Breast Height (DBH) of the mai
stem.

At the time of the November survey 8 1
none of the sampled plants wer |
flowering. A number of plants in
lower lying sections of the south &
weg floodplain were inundated at [
this time (see representative image
from September 2013 in Figure 28
however no plants along within the
northwest stand were inundated. Infg
the following survey, all sampled
plants showed evidence of floweringgs

Figure 28; A mediumsized Wimmera
Bottlebrush in the inundated south
western floodplain, in September 2013




within the souhwest stand, and all but two showed evidence of flowering in the northwest stand. Data
collected is summarised #ppendix3.

The flowering vigour (average number of inflorescence per branchlet) appeared to correlate with the
size, using DBH as a proxgasure Figure 29. However two of the sampled plants in the northwest
stand did not flower at allyhile all plants within the southwest stand flowered. The southwest stand
had a larger diversity in size of plants.

Active searches were undertaken duritite March survey to look for new germinants. None were
found, however the ability to accurately identify them witime first few months of growth auld bea
significant factor andhencethis requires further investigatiarFurther active searches will lsenducted

on a regular basis to assess the presencseefllings

20
18 i 20.64
16 . )‘,7/
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Av. number of inflorescences per branchlet

Figure B ¢ Correlation of Diamegr at Breast Height (cm) and averageimberof inflorescences/branchlet for sampled
Callistemon wimmerensiplants across two sites (neflowering plantsomitted).
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3.3.7 EcologicaVegetationCommunities

Four key wetland EVCs were identified within the Gooseneck Swamp system, as part [&Ghe
assessment in 2010 (Figure)30
1. Aquatic Herbland¢ core open wetland area, where seqérmanent to seasonal wetland
vegetation is predominant. Dominated by floating and emergent herbaceous aquatic species,
typically with at least rootstock tolerant of dry periods
2. Tall Marshg shallow (to 1m deep) wetland with closed to open sedgeland dominatetypiia
spp.and Phragmites australis Dominant along the western fringe of the swamp
3. Wet Verge Sedgeland tussock sedge wetland, canopy absent, typically dominatecCasex
appressa intermediate between the open aquatic herbland and surrounding treed
communities, including Riv&ed Gum swamp. Concentrated to the northern swamp edge.
4. Plains Sedgy Woodland open woodland, dominated by River Red Gumfloodplain areas of
swamp. Typically absent of shrubs and understorey.

0 100 200 400
e Meters

[ Aquatic herbland Tall marsh

[ Plains sedgey woodland Wet verge sedgeland

Figure 30¢ Qurrent mapping of Ecological Vegetation Glges (EVCs) assessed at Gooseneck Swamp
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Appendix 5 provides a list of flora species recorded as part of the vegetation assessRemnis for

the IWC for 2@0, and 2014 are summarised in TableCategory scores for Biota sirdex in 2014 are

also outlned in Appendix 6, which have not changed score category since 2010. All EVC areas assessed
had 90% or more of the critical lferms present. The only EVC area not to receive a Biota score of
GD22R¢ 2N) 1 02@0S 4l a tfl Aya {esRrA dectidn2op tRef sivagfmp (s O O dzNI
Table 2. In this area more than 50% of the woodland was substantially modified by physical
disturbance, caused by the presence of the main drainage line, an infrequently used vehicle track, and
the proximity of the eastsn boundary whichlies adjacent to an often grazed blue gum plantation.

Within this area, as well as withinghAquatic tdrbland, the encroachment of River Red Gum stands has
been identified as evidence of an alterbgldrological process. Following the talation of the atificial

drainage system, it appeaitikely that more prolonged and frequent drying periods have allowed
recruitment of River Red Gunrgo the wetland zone fringes.

Table 2¢ Overall& sub-index scores of the Index of Wetland ConditiiilVC) assessment at Gooseneck Swamp, 202014.

Wetland ID 7322285396 7322285396
Vicgrid- East 2275276 2275276
Vicgrid- North 2432595 2432595
Assessment Version IWC v1114 IWC v1ii14
Assessment Date 21/12/2010 1/11/2014
Wetland catchment score 18 16
Wetland catchment category Excellent Moderate
Physical Form score 19.9 19.9
Physical Form category Excellent Excellent
Hydrology score 15 20
Hydrology category Good Excellent
Water Properties score 15 15
Soils score 20 20
Soils category Excellet Excellent
Overall Biota score 17.4 17.4
Biota score category Good Good
Assessment Score 8 9
Assessment Category Good Excellent
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given the recent increase in extent (>50%) of somlemic plantations in the surrounding catchment
FNBFad |1 26SOSN) 6KS KeRNRf23I& OI (S 32wdkthakthezoper y ONB |
drainage through the swamp was significantly altering the water regime. The installation of the sandbag
weir has reduced the hydrological impacts and increased the potential for extending annual inundation
duration.



3.4 Discussion

The baselne ecological surveys of Gooseneck Sweaamg indicative of a site (and widalysten) with

high existing valug The condition of vegetation across identified EV@s ound to be generally high;
however, there are a number of weed spies present at the ite. The impact of these species is
currently found to be negligibleyith species such aglentha pulegiumfound to be prevalent in some
areas of the wetland bed~or example, in November 2013 at the time of the IWC assessment, the cover
of M. pulegiumwithin the Aquatic ldrbland was <5%. By early March 204¢l a result of site dryinghis

cover was >10%, and up to 40% cover in some areaslohfgerterm historicalreduction in area of
more openwetland communities(and the hydrological change it repreds, linked to site drainage
and/or upstream Wannon River diversignis also indicatedoy the opportunistic recruitment and
encroachment of River Red Gumsome areas of Gooseneck Swamp

Initial assessment of Wimmera Bottlebrush stands showed more rantfge size of plants within the
southwest stand, whictlis likely to indicate a more diverse age distribution. Howevasthere is no
reliable method to age this species, determining agettun basis ofDBH(Diameter at Breast Height
may not be accurateA higher proportion of plants within the southwest stand were also found to be
flowering. Diversity in age cohorts, and strong flowering uigmay be due to a moresgularflooding
regime for this stand, however this is difficult to ascertain at thigystén the absence ofistoric
hydrologicaldataand confirming the method of agdeterminationfor these plants

A number of rare and listed fauna and flora species have been recorded at the site. The provision of
aguatic vegetation from a number oftrata, as well as presence of water, particularly over
spring/summer breeding periogss animportant habitat attribute for all of the key fauna groups
including frogs, fish and waterbirds.

Historic results from waterbird surveys and regional rainfall datdough limited)are suggestive cd
correlation between summer rainfglhence presence of aquatic habitathd bird abundance. Following
above average summer rainfall in 2010, close to 50 waterbirds were gerded in the swamp in
February, followed bywto dry summers with little surface water in the swamps and low bird numbers.
In the current survey year over 20413, low summer rainfall was experienced. However, monthly
summer surveys found a high abundance and richness of waterbirds, with the highestoccurring in
late January. This included the presence of a pair of brolgapecieshat had only been recorded at
the site in 2011 when the swamp ret&ad over 60% surface water intawtmn after high, unseasonal,
summer rainfall events

Becauseof the nature of Wannon River catchment flows and the fact that every year is different (and
hence cannot be directly compared) it is difficult to makeeguivocal conclusions. Howeveby
February2014 with the trial structure in placeafter average raifall in the winter/spring of 201&nd 2
months of no rainfalblong withhigh evaporation rategparts of themain swampat Gooseneck Swamp
were still inundated,when local anecdotal evidence suggests it wounlormally have been dry by this
time in similaryearspreviously While by no means conclusiviijgis suggesive of the likely impact that

the sandbag weir habad in increasing the duration of inundatiowhether by a matter of weeks or
months, basic logidand observation of its effeftcertainly sipports the assertion that the weir
extended the season for Gooseneck Swamp deeper into the 2013/14 sumraehighly positive
outcome for the first year of the trial.



Increasedetention of surface water in the swanas a result of the trial is likely significantly increase

the accessibility of foraging, roosting and nesting habitat for key faunal groups as well as increase
available habitat for prey such as invertebrates. In particular, inundation through the summer would
assistthe germination and etention of emergent and submergent vegetation structures within the
Aquatic Herblandhabitat area The submergent and emergent vegetation cover and diversity was
notably high throughout the 20234 summer periodin response to prolonged inundation

Many studies have indicated that the richness and abundance of waterbird species ircmsake
increasing emergent vegetation cover, especially during breeding periods (2hgur2010). This is also

true for the threatened Growling Grass Frog, where habitaiables including the presence of surface
water oversummerand representation of vegetation in both emergent and submergent strata have
beenlinked tothe presence of breeding populations (Smethal. 2008). Threatened fish species such as
the YarraPygmy Perch and Dwarf Galaxias are also affiliated with shallow freshwater wetland habitats
containing large amounts of aquatic vegetation (Saddler & Hammer 2010). Both these species are
thought to have poor dispersal capabilities and rely heavily on fatand prolonged flooding for the
creation of spawning habitat and to increase their probabi(ityrough connectivity) of recolonising
habitats. Based on the resultst is probable that Gooseneck Swamp has been utilised as an
opportunistic, ephemeral Haitat for native fish, although achieving permanence of aquatic habitat
through wetter summers is now a legitimate goal with the trial structure in place.

Digital elevation modelling has indicated as mast20cm(as a static level) of additional waterbising

held in the swampgiven the reactivation of the naturdlow path. With additional surface water,
topographic variation in the swamp system will allow for a range of water depths and increased
structural diversity in wetland habitats. This may g&se the habitat potential for a more diverse range

of species from important faunal groups discussed, particularly for breeding activities.

A subsequent downstream _
restoration trial regulating
the artificial drain from
NI} R & Q& (indtafied YhL
2014 ¢ see Figure 31will
have additional benefit, by
enhancing multiple, FS=1
complementary  wetlands
within the wider wetland
compleximosaic, providing
more diverse  wetland
resources over a wider
spatial and temporal scale.

Figure 31¢ The trial structure &
installedon 19" March 2014 at the
Brady Swamp artificial drainage
outlet, to increase wetland depth
and reinvigorate flows down the
natural Wannon River flonpath



3.5 Summary of Project Outcomes
3.5.1 Hydrological

The trial sandbag structure had immediate impacts on the/flynamics at Gooseneck Swamp:

() increasing wetland depth by as much as 20 cm;

W reducing outflow drainagefficiencysignificantly, by causing water take its originaroute
to Brady Swampspillingat higher elevations via the natural overflow poiatd,

() preventing the immediate drawdown of water levelstte bed levelof the swamp, which

the drain previously caused to ocoomce inflows ceasedased on flows and rainfall, this
would have started to occun mid-December 2013)

In achieving the abovgét is reasonable to conclude théite inundationperiod for Gooseneck Swamp
was extended by as much as64weeks, creating a wetland refuge for wetland dependant fauna deep
into what was a hot and dry summer period with no rainfldl.a year with more sigficant summer
rainfall, the impact of the structure (influencing site conditions) would likely be more pronounced.

Before and after photographs below (in Figure 22)the artificial drainage cuttingllustrate the
dramaticseasonal change that the sitederwent in 2013, at the location of the trial structure.

Looking north from the drain towards Gooseneck Swamp Looking south towards Brady Swamp via the cutting

Figure 2 ¢ Showing the seasonal change at the site from May 2013 (above) to Sepeer2813 (below)
3.5.2 Ecological

The value of Gooseneck Swamp as habitat for a wide range of flora and fauna has been demonstrated
through the initial baseline monitoring undertaken. It is confirmed as a patrticularly important site for
nationally threatened spees of fish, frogs and flora, as well as providing refuge habitat into the
summer months for a wide range of waterbirds. Early indications are that the restoration trial will, as
expected, significantly enhance the ecological values of the site in alhbudriest yearsi(e. those

years when therare no flows to retain in the swamp).

































