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Executive summary
Background
Waterways define the eastern and western boundaries of the Calwell electorate, approximately 16
km north of Melbourne’s CBD. Merri Creek runs down the eastern boundary and Deep Creek and the
Maribyrnong River on the west (Figure 1), and six major catchments lie within or adjacent to the
study area: Deep Creek, Emu Creek and Jacksons Creek which are tributaries of the Maribyrnong,
and Moonee Ponds Creek and Merri Creek which are tributaries of the Yarra River.
Most of the electorate lies within Melbourne’s updated Urban Growth Boundary and it is
experiencing a rapid rate of urbanisation in its north, facilitated by several Precinct Structure Plans
(PSPs). Concerns have been raised that during this process, as wetlands are rarely assessed on the
landscape scale, significant natural wetland features and natural watercourse flow paths could be
lost or irreversibly modified one-by-one as development rolls out.
The project aimed to rapidly assess the Calwell landscape to identify areas of significant wetland
restoration potential before they go down the common pathway of modification and absorption into
urban developments.
Methodology
To assess potential wetland restoration opportunities, the project conducted a GIS analysis of spatial
data, including wetland and waterway layers, digital elevation data, biodiversity data and historic
satellite imagery. In total, spatial data for more than 360 km of waterways (rivers, creeks, and
drains) and their associated wetlands within and adjacent to Calwell, were inspected, with focal
areas being further guided by existing reports and input from those with local knowledge.
Waterways were rapidly classified according to apparent restoration potential before areas of
interest were selected for more detailed investigation. As the Deep Creek-Maribyrnong River
watercourse is deeply incised, and the southern parts of the electorate are already heavily
urbanised, more focus was given to investigating the northern and eastern parts of the study area,
primarily along Merri Creek and its tributaries. Assessments also looked at a selection of other
wetlands and stretches of waterway just outside the boundary and within the same catchments.
After the desktop reviews, two field trips were undertaken to investigate sites of interest to assess
their potential for restoration.
Outcomes
While much of the study area was unfavourable for the formation of wetlands and most floodplain
areas would only be engaged under high flows and would rapidly drain, some sites of potential
interest were identified in association with the Kalkallo Creek floodplain on farmland in the north of
the Calwell electorate. A site visit was made in December 2020, however little restoration potential
was found along the creekline, with the most promising area having been compromised by the
construction of a golf course and associated residential development. The golf course was closely
associated with the historic wetland basins, collected water in deeply dug dams across the northern
half of the old wetland basin and significantly reduced flows into the southern half of the wetland
complex enabling cropping to be undertaken across the deeper soils associated with the floodplain.
The permanent nature of these developments and their implications for flow and inundation across
the wetland complex means that there is no opportunity to restore this wetland complex. Loss of
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this wetland complex has probably resulted in reduced groundwater flows into the Merri Creek to
the south east of the complex.
Further areas of wetland restoration interest within close distance of the electorate were identified
or reinforced by the process, including small floodplain areas in the upper and lower parts of the
Merri, and along Curly Sedge Creek at Wollert.
Conclusion
This study has been useful in confirming an apparent lack of significant wetland features that may be
at risk of being lost to rapid future development within the urban growth boundary in Calwell. An
historic large wetland complex associated with the Kalkallo Creek floodplain has been lost through
developments undertaken in the early 2000s. Several wetlands within the same catchments,
particularly north and east of the electorate, are still at risk of loss or irreversible modification (or
further modification) from their natural geomorphology in the near term. Current examples of this
scenario include Hanna Swamp and Herne Swamp in Wallan, within Melbourne’s Urban Growth
Boundary and just north of the study area. These partially drained wetlands continue to represent
some of the best opportunities for significant wetland restoration within reach of Melbourne, and
provide the chance to integrate protection and enhancement of natural wetlands into the inevitable
further urbanisation of the area.
Other areas of interest highlighted for further investigation include Kalkallo to the north of the study
area, where protection and restoration opportunities are diminishing rapidly with urban
development, and wetlands around Curly Sedge Creek at Wollert, a tributary of the Merri Creek,
which has several wetlands of restoration interest. It is recommended that these areas are subject to
more detailed analysis and on-ground assessment in the near-term to further explore their potential
for restoration.
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1. Project Overview
Nature Glenelg Trust (NGT) is a non-government, not-for-profit, charitable organisation that works
on a wide range of biodiversity related projects across south-eastern Australia. NGT has a particular
interest in wetland restoration science and possesses specialist skills in eco-hydrology. Ecohydrological landscape assessments involve piecing together the ecological (biodiversity) and
hydrological (water management) conditions across the landscape to understand where restoration
opportunities may exist.
NGT has undertaken a number of these assessments across south-eastern Australia, which have
contributed to the eventual implementation of dozens of wetland restoration projects on both
public and private land. Wetlands are especially suitable to restoration, because rapid recovery of
degraded, or even lost, biodiversity values is possible at sites with the right attributes in relatively
quick time.
Over recent years, local communities in the urban growth zones around outer Melbourne have
sought Nature Glenelg Trust’s advice to help develop an understanding of the restoration potential
of wetlands that are situated within areas designated for future urban development. The north of
the Calwell electorate and its surroundings are one of the fastest growing regions of Melbourne, in
the outer parts of the Urban Growth Boundary.
NGT sought and was awarded a small grant from the Australian Government, Communities
Environment Program in 2020, enabling us to undertake an independent landscape eco-hydrological
assessment of the Calwell electorate in 2021. This report provides an overview of the landscape
assessment, with the goal of identifying wetland restoration opportunities.

1.1 Introduction
The condition and physical character of many of Australia's waterways has been fundamentally
altered since European settlement. Changes in land management practices, including early
overgrazing by introduced livestock leading to erosion and deep incision, has changed the way that
many of our waterways interact with adjacent land, including formerly connected floodplains and
wetlands. Despite the original threatening processes now being removed from many areas (due to
improved management, fencing, or land-use change), the new physical form and function of many
waterways is a constant reminder of the legacy of past land management. Additionally, in original
large natural wetland areas (e.g. wetlands on Kalkallo Creek, a Merri Creek tributary), where
constructed artificial drainage infrastructure remains in place, the key threatened process is still
active.
Working with community groups and government agencies, Nature Glenelg Trust undertook an
assessment of catchments in the Calwell Electorate, to determine their potential for habitat
restoration and expansion, focussing on habitat for wetland-dependent threatened species.
The goal was to locate and focus on sites in Calwell where high feasibility wetland restoration project
potential exists, build positive relationships with other community groups, and, if potential
restoration areas were identified, to complete the initial stages of restoration planning which may
lead to future works to benefit nationally threatened species and communities.
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1.2 Aims
The primary aims of this investigation were to:




Undertake a strategic assessment of up to 50km of waterways, including sections of the
Moonee Ponds Creek, Merri Creek, Deep Creek, Maribyrnong River, and their tributaries in
the Calwell Electorate; and
Identify where slowing flow velocity and retained additional water in wetlands or floodplain
in the catchment (through hydrological restoration) may lead to improvements in
biodiversity values, aesthetic and recreational values, climate resilience and catchment
management benefits, such as flood buffering.

1.3 Goal
The goal of the investigation was to locate a small number of pilot sites in these catchments where
wetland and/or waterway hydrological restoration works have high feasibility potential and – if
present – outline their restoration feasibility.

2. Methodology
2.1 Desktop assessment
A GIS-based landscape assessment was undertaken to identify priority areas for further
investigation. Waterways and wetland features were assessed using GIS software, with datasets
including:






Wetlands and watercourses
Digital elevation data (LiDAR)
Water Observations from Space (WOfS)
Victorian Biodiversity Atlas (VBA) flora and fauna records
Other biodiversity datasets available via Atlas of Living Australia (ALA)

The primary datasets used in the analysis were government wetland and watercourse layers, along
with digital elevation data (LiDAR). The Water Observations from Space dataset was also
interrogated to find further evidence of surface water, the aim being to verify inundation at known
wetlands and potentially reveal other wetland features that were unmapped in the wetland
datasets. Biodiversity databases (e.g. VBA, Birdata) were used to find clusters of species records that
could indicate higher quality areas of habitat.
During the GIS assessment, all mapped waterways within the Calwell electorate were inspected for
associated wetlands – either current or drained / disconnected – and for connected or disconnected
areas of floodplain. In total, more than 360 km of waterways were assessed within Calwell and on its
boundaries, while additional areas of waterway nearby holding the possibility of potential wetland
restoration were also assessed.
Previous reports and plans were referred to, primarily in the areas of biodiversity and land planning.
Input was also sought from other parties, including waterway management committees,
government agencies, and friends’ groups.
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2.2 Site visits
Once areas of interest were identified, field trips were scheduled to document site characteristics. In
December 2020, a visit was made to several wetland areas in the Kalkallo Creek area. However,
more extensive site visits in 2021 were limited by Covid-related travel restrictions when staff were
available to travel.

3. Site description
3.1 Locality
The Calwell electorate covers parts of the Parish of Kalkallo and Parish of Mickleham County of
Burke, approximately 16 km north of Melbourne’s CBD. Calwell covers 265 km2 (26 548 hectares),
spanning from Kalkallo in the north (Gums Gully Rd) to Keilor Park in the south (Western Ring Rd),
and from Oaklands Junction in the west to Somerton in the east (Figure 1).

3.2 Waterways
Waterways define the eastern and western boundaries of Calwell – Merri Creek on the east and
Deep Creek and the Maribyrnong River on the west. Deep Creek forms an important tributary of the
Maribyrnong, while Merri Creek flows to the Yarra River. Six major catchments lie within or adjacent
to the study area: Deep Creek, Emu Creek and Jacksons Creek which are tributaries of the
Maribyrnong, and Moonee Ponds Creek and Merri Creek which are tributaries of the Yarra.
The Maribyrnong River catchment is characterised by the underlying basalt of the Newer Volcanics.
Following regional uplift, waterways incised steep valleys and gorges into the rock, with flats only
forming in the lower reaches of the Maribyrnong. As such, the catchment has a generally
unfavourable topography for wetlands (Fluvial Systems 2000).
The Moonee Ponds Creek was originally a chain of in-stream waterholes which would flow in wet
weather. However, it has been profoundly changed in many areas by early grazing and agricultural
modifications, and later hydrological modifications to accommodate and protect intense
urbanisation. Leigh et al. (1981) proposed a likely sequence of stream character change in the late
19th century, seeing the watercourse transform from a chain of scour ponds, to a discontinuous
gully, then a continuously incised channel, a channel containing 'fixed bar' ponds, and finally, a
permanently flowing stream.
Due to the steep gradients and eroded nature of the western sections of the electorate, and the
highly developed nature of the southern parts of the study area, Merri Creek and its tributaries
(particularly Kalkallo Creek) in the north and east formed the focal areas of this assessment.
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Figure 1: Major catchments and associated waterways in the Calwell electorate

3.3 Merri Creek
Merri Creek is located within the Northern Growth Boundary, running through the boundary of the
proposed Woodstock and Northern Freight Precinct Structure Plans (PSP). Key groundwater
dependent ecosystems associated with the upper Merri and Darebin Creek include the Merri Creek
(baseflow), a number of key wetlands and springs (e.g. Spring Street Swamp and the Donnybrook
Mineral Springs) and significant River Red Gums stands.
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Merri Creek consists of nine major tributary systems including Wallan, Taylors, Kalkallo, and Curly
Sedge Creeks, which are in the upper catchment. The upper sections of the Merri Creek comprise of
a series of permanent and semi-permanent interconnected pools with flows in this section of the
creek generally low, with occasional high flows occurring in July to September and low flows existing
for the remainder of the year. Merri Creek is itself part of the Yarra River catchment, reaching its
current confluence with the Yarra by the Eastern Freeway in Abbotsford.
Within the Calwell electorate, Kalkallo Creek has been a particular focus of this study, as aerial
imagery and LiDAR data suggested the potential presence of drained or modified wetlands, and
therefore potential restoration opportunities. These areas were examined in detail, and a
preliminary site visit undertaken in December 2020.

4. Background
4.1 Geology
Extensive basalt plains occur across the central Kalkallo Creek region (Figure 2). They are the result
of Pliocene and Pleistocene volcanism, and in the main have a smooth surface with a very gentle
relief. Flow-top features such as tumuli and stony rises are preserved in the young (0.81 million years
ago) basalt flows around Mount Fraser and Springs Hill to its north (VandenBerg, 1992.).

Figure 2: Geological Survey of Victoria 1:50,000 Geological Map Series Kilmore 7823-2 Zone 55. Qvn (Pink)
Newer volcanics (Pliocene) – Basalt flows and mounds: dominantly olivine basalt. Qvnb (pink hex) Newer
volcanics (Pleistocene) – Basalt flows: blue-black olivine basalt with broad stony rises. Smk (light blue) Kilmore
siltstone (Silurian). Qsg (light green) Greenstone slumps (Quaternary).
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Mount Fraser is a complex scoria cone. In this area is an extensive, partly swampy area of alluvial
outwash around Beveridge. Basalt is a highly porous rock and consequently drainage on the basalt
plains is poorly developed. Most of the rainfall in this area tends to soak slowly into the ground, to
become part of the groundwater system (VandenBerg, 1992.).
The region west of the Old Sydney Road down to Deep Creek is a dissected Palaeozoic range called
Saltwater Range. These areas are of low to moderate relief. The ranges are composed of a mixture of
quartzite and siltstone, with prominent quartzite strike ridges (VandenBerg 1992). These impervious
rocks form a landscape with a well-developed dendritic drainage pattern and many deeply incised
valleys which carry ephemeral streams (VandenBerg 1992).

4.2 Groundwater
The main aquifers are the Newer Volcanics (basalt) and the regional bedrock (basement) aquifers in
some parts of the study area. The Newer Volcanic’s aquifer is extremely thin (<50 m) or in some case
not present and therefore the bedrock aquifer is the main aquifer beneath the site . The Newer
Volcanics aquifer system is unconfined to semi-confined and generally consists of several basalt
flows and therefore aquifer thickness varies (Melbourne Water & SKM, 2014).
The regional Bedrock aquifer transmits and stores groundwater in cracks, fractures and joins, moving
significantly less water than the Newer Volcanics. The watertable resides generally within the Newer
Volcanics, except for where the aquifer is thin or the Bedrock aquifer is exposed and therefore
contains the watertable . Groundwater levels along both creeks have been mapped on a regional
scale and suggest that levels are generally <5 m.
The local groundwater flow path in the Newer Volcanics aquifer will be confined to individual basal
flows discharging into waterways where the basalt flows thin out (Figure 4), therefore flow paths in
the area will be generally <10 km.
Both the Newer Volcanic aquifer and Bedrock aquifer are recharged by through-flow and discharge
from interaction with the underlying / overlying and adjacent aquifer and recharge from surface
water drainage – particularly during flood events. Discharge is achieved in the base of the valleys
where the bedrock system outcrops. The lower permeability of the Bedrock aquifer also means that
groundwater may discharge at the intersection of the Newer Volcanic aquifer and the Basement
aquifer. Point sources of discharge (e.g. springs) are common in the Upper Merri Creek at the
contact between the Newer Volcanics and the Bedrock (Figure 4).
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Figure 3: Key groundwater dependent ecosystems associated with the upper Merri Creek include the Merri
Creek (baseflow), a number of key wetlands and springs (e.g. spring street swamp and Donnybrook mineral
springs) and significant River Red Gums stands Source: (Melbourne Water & SKM, 2014)

The high carbonate values present in the groundwater beneath the Merri mean that minerals
springs are also common in the area (see Figure 3).
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Known saline discharge sites along the Merri Creek indicates there might be break of slope discharge
at the contact of the Newer Volcanics and Bedrock. Merri Creek appears to alternate between
gaining and losing through the upper reaches (Figure 3), generally losing in the north with
groundwater levels below the Creek, then gaining around the mineral springs between Beveridge
Road and Donnybrook Road and then a zone of permanent groundwater discharge into the Creek to
the south (dominantly basalt water, no mineral springs).

Figure 4: Due to landscape features (e.g. eruption points and faults), Merri Creek has many groundwater
connections. Groundwater will discharge to the Merri Creek, providing baseflow and maintaining permanent
pools along the creek that provide refuge for aquatic flow and fauna during low flow and drought periods
Source: (Melbourne Water & SKM, 2014)

Loss of wetlands along the Kalkallo Creek flood plain may be reducing groundwater recharge and as
a consequence reducing spring based discharge along Merri Creek.
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4.3 Wetlands and watercourses
4.3.1 Mapped wetlands
Artificial wetlands constructed for stormwater management dot Calwell, often utilising and heavily
modifying former ephemeral, seasonal or permanent natural wetlands. Of all wetland habitats, the
artificial Greenvale Reservoir is the most significant by size – a large rolled-earth dam of 174
hectares that has some deep-water habitat values for waterbirds.
DELWP wetland mapping layers contain 94 wetlands, with 10 being naturally formed. None of these
wetlands were over 4 ha, and by comparison with pre-European wetland layers and aerial and
elevation data, all these wetlands have either been highly modified, lost during development, or
were incorrectly mapped.
As a result, no major wetland systems are mapped as being lost by post-European development,
however it is possible that several wetlands were present on the flats and have not turned up in
mapping, including off channel floodplain, or in-stream wetlands in areas of low gradient such as
along Kalkallo Creek. Larger wetlands are mapped outside of the study area to the north on the
meanders of Kalkallo Creek and its tributary drainage lines.

4.3.2 Watercourses
Three hundred and thirty-one kilometres of watercourses are mapped in the study area (50 m
buffer). Many of these are smaller tributaries and drainage lines of the major creeks and rivers
mentioned earlier, while there are numerous artificial drains and channel to move water to remove
water from the landscape or treatment ponds.
4.3.2.1 Index of Stream Condition
Index of Stream Condition assessments have been undertaken for several major waterways in the
area (Victorian Catchment Management Council 2017). River health surrounding Melbourne is
generally low, and the reaches of river passing through the study area were assessed as being in
Poor or Very Poor condition in 2010, with just the upper reach of Deep Creek in the area (reach 8)
assessed as being in Moderate condition (
Table 1 and Figure 5). The reach of the Merri lying downstream of the study area (107) had the equal
worst overall condition of 20 reaches of the Yarra, with high levels of extremely high levels of
phosphorus, salinity and turbidity. Many other creeks and smaller waterways have not been
assessed as part of the ISC surveys.
Table 1: Index of Stream Condition scores for watercourses within Calwell (2010)

Basin

Maribyrnong
Maribyrnong
Maribyrnong
Yarra
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River
Deep
Creek
Deep
Creek
Jacksons
Creek
Merri
Creek

Physical
form

Streamside
zone

Water
quality

Aquatic
life

ISC
score

Condition

Reach

Length

Hydrology

8

34.1

4

9

6

-

8

30

Moderate

7

39.1

3

9

6

4

-

23

Poor

1

49.6

1

9

5

-

-

20

Poor

7

39.8

6

7

4

2

-

20

Poor

Figure 5: Available Index of Stream Condition (ISC) scores for rivers in Calwell (2010)

4.4 Vegetation
4.4.1 Native vegetation
Department of Environment, Land, Water and Planning (DELWP) modelling records 8635 ha of native
veg remaining – or 32.5% of the study area. Much of this occurs as degraded native grassland and
grassy woodland or lies along creeks and rivers. There has been a high rate of recent urban
development in the study area, and native vegetation cover is likely to be lower.

4.4.2 Native vegetation and Ecological Vegetation Classes
Calwell is situated in the Victorian Volcanic Plain and Central Victorian Uplands bioregions. Modelled
Ecological Vegetation Class (EVC) mapping for the area includes 12 EVCs (Table 2), with seven of
these being specific to wetlands or riparian zones. Reflective of the extensive development of the
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landscape, all these EVCs have a threatened bioregional conservation status within the respective
bioregions, with 12 of 13 considered Endangered.
Table 2: Modelled EVCs in the Calwell electorate (500m buffer) – wetland and riparian EVCs in blue

EVC

EVC name

EVC

Area
(ha)

Key areas

55

Plains Grassy Woodland

Endangered

1722.3

68

Creekline Grassy
Woodland

Endangered

59.8

71

Hills Herb-rich
Woodland

Vulnerable

658.4

124

Grey Clay Drainage-line
Aggregate

Endangered

41.7

Junctions of
tributaries

125

Plains Grassy Wetland

Endangered

58.4

Kalkallo flats, north of Kalkallo Creek

132

Plains Grassland

Endangered

1558.6

175

Grassy Woodland

Endangered

630.4

191

Riparian Scrub

Endangered

74.1

Kalkallo Creek and Merri Creek, upstream
of their confluence

641

Riparian Woodland

Endangered

96.6

Upper banks of Deep Creek around
Oaklands Junction

851

Stream Bank Shrubland

Endangered (VVP)
Vulnerable (CVU)

436.6

Banks of Deep Creek and Maribyrnong
River

895

Escarpment Shrubland

Endangered

335.2

937

Swampy Woodland

Endangered

17.4

Moonee Ponds Creek

Merri

Creek

with

its

Floodplain and flats east of Merri River at
Donnybrook

VVP= Victorian Volcanic Plain bioregion, CVU=Central Victorian Uplands bioregion

4.4.3 Threatened flora
Forty seven threatened flora species have been recorded within 3 km of the study area (VBA –
DELWP 2020). Of these, roughly 16 species are associated with wetland or riparian habitats (Table
3).
Table 3: Records of threatened flora

Scientific name

Common name

EPBC

FFG

VU

X

#
records

Last
record

3

2017

e

7

1992

k

2

2018

r

1

2012

VIC

Amphibromus pithogastrus

River Swamp Wallabygrass
Plump Swamp Wallabygrass

Bolboschoenus fluviatilis

Tall Club-sedge

Callitriche umbonata

Winged Water-starwort

Cladium procerum

Leafy Twig-sedge

r

1

2018

Eleocharis pallens

Pale Spike-sedge

k

1

2013

Amphibromus fluitans

16

L
X

FFG

VIC

#
records

Last
record

D

r

3

1996

Bog Gum

r

1

2017

Purple Blown-grass

r

10

2016

Purple Blown-grass

r

9

2016

Lepidium pseudohyssopifolium

Native Peppercress

k

2

1995

Melaleuca halmaturorum

Salt Paperbark

v

1

2017

e

3

2016

e

2

1770

r

21

2018

v

1
731

2005
2020

Scientific name

Common name

Eragrostis trachycarpa

Rough-grain Love-grass

Eucalyptus kitsoniana
Lachnagrostis punicea ssp.
punicea
Lachnagrostis semibarbata var.
semibarbata

Podolepis linearifolia
Pterostylis
cucullata
cucullata

EPBC

L

Basalt Podolepis
ssp.
Leafy Greenhood

Rhagodia parabolica

Fragrant Saltbush

Xerochrysum palustre
Total

Swamp Everlasting

L
VU

L

4.5 Fauna
4.5.1 Threatened fauna
78 threatened fauna species have been recorded within 3km of the study area (VBA – DELWP 2020).
Of these, roughly 35 species are associated with wetland or riparian habitats (Table 4). Figure 6
shows the distribution of VBA records for aquatic and riparian-associated threatened fauna from
1990-2020.
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Table 4: Records of threatened aquatic and riparian-associated fauna in Calwell (VBA)
Common name

Scientific name

Australasian Bittern
Australasian Shoveler
Australian Grayling
Azure Kingfisher
Baillon's Crake
Blue-billed Duck
Brown Toadlet
Caspian Tern
Common Sandpiper
Eastern Great Egret
Eastern Snake-necked
Turtle
Freckled Duck
Great Egret
Growling Grass Frog
Hardhead
Latham's Snipe
Little Egret
Macquarie Perch
Magpie Goose
Marsh Sandpiper
Murray River Turtle
Musk Duck
Nankeen Night Heron
Pied Cormorant
Plumed Egret
Royal Spoonbill
Sooty Oystercatcher
Southern Toadlet
Whiskered Tern
White-bellied Sea-Eagle

Botaurus poiciloptilus
Spatula rhynchotis
Prototroctes maraena
Ceyx azureus
Porzana pusilla
Oxyura australis
Pseudophryne bibronii
Hydroprogne caspia
Actitis hypoleucos
Ardea alba modesta
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Chelodina longicollis
Stictonetta naevosa
Ardea alba
Litoria raniformis
Aythya australis
Gallinago hardwickii
Egretta garzetta
Macquaria australasica
Anseranas semipalmata
Tringa stagnatilis
Emydura macquarii
Biziura lobata
Nycticorax caledonicus
Phalacrocorax varius
Ardea intermedia plumifera
Platalea regia
Haematopus fuliginosus
Pseudophryne semimarmorata
Chlidonias hybrida
Haliaeetus leucogaster

EPBC

FFG

VICADV

Records

Last record

EN

L

VU

L

en
vu
vu
nt
vu
en
en
nt
vu
vu

3
3
2
3
2
1
35
3
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Figure 6: Records of threatened aquatic and riparian fauna in Calwell since 1990 (VBA – 3km buffer)
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4.5.1.1 Growling Grass Frog
Of these threatened fauna, Growling Grass Frog is perhaps the most notable and is regularly found
along Merri Creek, with other records (since 1990) along Yuroke Creek, Moonee Ponds Creek and
the lower parts of Kalkallo Creek.
Widespread drainage of wetlands and modification of waterways across former habitats around
Melbourne has greatly reduced favourable habitat features for the species, and therefore the
capacity of the landscape to support persistent populations. Favourable features include abundant
aquatic vegetation, minimal tree canopy cover, moderate to low salinity, and the presence of water
for at least six months of the year over the breeding season, as eggs are laid in spring and tadpoles
must develop over summer (DELWP 2017, Heard 2010). However, the species is responsive to
suitable conditions and can breed in the first year following metamorphosis, with a generation
length of three to six years (Heard 2012).
Merri Creek has been identified as one of two waterways, along with Kororoit Creek, with the lowest
risk of extinction and greatest capacity to support multiple metapopulations (Heard 2010).
The Biodiversity Conservation Strategy for Melbourne's Growth Corridors (DEPI 2013) identified
priority areas within Melbourne’s growth corridors for protecting, enhancing and connecting
important populations of Growling Grass Frogs within conservation areas, and attempting to
mitigate habitat losses resulting from urban development. One area within the Growling Grass Frog
conservation corridors runs along the Merri Creek from near its confluence with Taylors Creek at
Wallan, running south to near the Cooper St Drain at Somerton (Figure 7). Upstream reaches of Emu
Creek and Jacksons Creek, outside the study area, are also priority areas.

Figure 7: Growling Grass Frog Areas of Strategic Importance (ASI) on Merri Creek
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4.6 Summary of results
All mapped waterways and wetlands across the study area were inspected for hydrological
restoration potential, totalling more than 360 km of waterways. Most watercourse corridors were
rapidly excluded based on visual inspection of elevation data modelling and aerial imagery and were
not subject to further investigation due to unfavourable topography for the formation of wetland or
floodplain elements.
Where areas along watercourses had natural wetland and floodplain potential (particularly in the
lower parts of the electorate) they have generally been engineered out of existence as part of
urbanisation, with draining or irreversible modification of natural wetland features into artificial
stormwater basins and wetland and channelisation of waterways to the point of lining with concrete
(e.g. sections of Mooney Ponds Creek), with these measures allowing the reclamation and
development of wetland and floodplain.

5. Areas of more detailed investigation.
5.1 Kalkallo Creek detailed investigation
Early in this project, the Kalkallo Creek floodplain was identified as the area with the highest wetland
restoration potential. There were several reasons for this: Kalkallo lies on a broad, flat plain, and
historic accounts (and the presence of a comprehensive network of drains) describe large volumes of
surface water that once formed wetlands, but are now drained for agricultural productivity.
The area is still extensively used for agriculture and, although drained, is generally without the largescale modifications of natural wetland geomorphology that are typical of water management in the
highly urbanised areas in Calwell’s south.

5.2 Kalkallo Creek wetland complex drainage and development
At the time of European arrival in the area, surface water was characteristic of the land on both
sides of the Merri Creek near Kalkallo. While water in the Kalkallo Creek area found its way across a
broad flat floodplain toward Merri Creek, the eastern bank of the river around Donnybrook was
typified by seasonal wetlands and was originally named “Rocky Waterholes” after a station in the
area and its natural features (Context 2013).
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Figure 8: Magnified section of the Kalkallo Creek region from the County of Bourke Surveyors Map from 1866
compiled by Thomas Bibbs (scale 2 miles to an inch).
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Figure 9: 1840 Parish of Merriang Map showing original Kalkallo wetland extent to the west of Village Reserve
on land originally purchased by Archibald Thorn (Lot XIV) and John Robertson (Lot XI).

Aerial photography in 1968 (Figure 10) shows Kalkallo as extensively drained and modified for
agricultural production. By December 2002 (Figure 11), there had been some development
southwest of Mount Fraser, but wetland areas are mostly free of further development. However, by
January 2012, development of the Mandalay golf course and associated housing are well underway
(Figure 12).
By January 2014, the golf course has been built across the northern half of the wetland complex and
the eastern and central housing developments are completed, with over half the blocks containing
houses. At this stage, wetland elements south of the development are still intact. There is a large
dam on the southern edge of the golf course (2.4 ha) full of water, with additional dams (total area
>1 ha) along flow paths through the golf course.
In later imagery from November 2016 to present, all wetland elements and stone-free sections of
farmland south of the golf course are cropped.
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Figure 10: Kalkallo Creek Aerial Photo2 - 1968 Source Landata
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Landsat 31/12/1984

Landsat 31/12/1990

Landsat 31/12/1996

Landsat 31/12/2002

Figure 11: Landscape development Kalkallo Creek - 31 December 1984 to 31 December 2002. Source: Landsat.
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Landsat 21/11/2005

Landsat 1/2/2010

Landsat 6/1/2012

Landsat 23/08/2019

Figure 12: Landscape development Kalkallo Creek – 6 January 2012 to 23 August 2019. Source: Landsat.

5.2.1 Challenges/opportunities for restoration
The golf course’s close association with the historic wetland basins and the subsequent collection of
water in deeply dug dams across the northern half of the old wetland basin has significantly reduced
flows into the southern half of the wetland complex enabling cropping to be undertaken across the
deeper soils associated with the floodplain in general and the wetland in particular. The permanent
nature of these developments and their implications for flow and inundation across the wetland
complex means that there is no opportunity to restore this wetland complex. Loss of this wetland
complex has probably resulted in reduced groundwater flows into the Merri Creek to the south east
of the complex.
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Further areas of wetland restoration interest within close distance of the electorate were identified
or reinforced by the process, including small floodplain areas in the upper and lower parts of the
Merri, and along Curly Sedge Creek at Wollert.

Figure 13: Looking west across Kalkallo Creek floodplain, south of Mandalay Golf Course, Beveridge

Figure 14: Looking south across Kalkallo Creek floodplain toward cropped areas
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Figure 15: Artificial wetland on southern edge of Mandalay golf course / residential development
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5.3 Other areas of interest adjacent to the Calwell boundary
While there were no restoration opportunities identified within Calwell, several other areas of
interest were identified just outside the Calwell boundary and within the Merri Creek catchment.
These were not examined in detail and are briefly outlined below.

5.3.1 Merri Creek
5.3.1.1 Merri Creek at Beveridge Rd
There are several floodplain breakout areas along the Merri, where the channel moves from
confined basalt to alluvium. One of these areas is on private land just northeast of the study area,
where there are low gradients, the creek is relatively shallow and the floodplain is wider and less
constricted. DELWP pre-European wetland mapping shows a 66 ha wetland lying mostly on the
inside of a bend on the Merri and early maps mark this as a swamp (Figure 16), which was
subsequently designated a water reserve. Numerous drains run to the creek, and it has been known
to flood regularly enough in the past for flood prevention works to occur within the existing banks in
the last few years (MCMC pers. comm).

Figure 16: Excerpt of an 1864 Geological Survey of
Victoria map

Figure 17: In 2020 with outline of wetland from DELWP’s
wetland layer.

5.3.1.2 Galada Tamboore ephemeral wetland, Campbellfield
In the south eastern corner of the study area, Galada Tamboore (Wurundjeri: “Creek Waterhole”) is
a broad section of Merri River floodplain and tall escarpment. The section of Merri Creek and
parkland covering Galada Tamboore is utilised by Melbourne Water as a stormwater retarding basin
(MCMC 2009).
The west bank, past the eastern end of Somerset Rd, holds an ephemeral wetland of approximately
1 ha on a section of floodplain that may receive spring flows and runoff from the escarpment to the
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west (Figure 18). With no drains, there are no obvious opportunities to further support natural
inundation, however, it requires ongoing protection of the wetland footprint and investigation of its
source of water.

Figure 18: Galada Tamboore ephemeral wetland (on left) with Merri Creek to the east.

5.3.2 Curly Sedge Creek
5.3.2.1 Curly Sedge Swamp, Wollert
Curly Sedge Swamp is an irregularly
inundated shallow wetland of at least 12
hectares, within the Craigieburn Grasslands
and less than 1km east of Merri Creek. The
Hume Highway dissects its northern edge
and it flows south to Curly Sedge Creek
(Figure 19) which continues to Merri Creek.
A prior Golden Sun Moth study at the
reserve noted its Grey Clay Drainage Line
Aggregate vegetation, and put the size at 50
hectares, although this doesn’t align with
their map, shown in Figure 20 (Bainbridge
and North 1997).
The restoration potential of the wetland
was raised more than 20 years ago by
Beardsell (1997):

Figure 19: Aerial view of Curly Sedge Swamp, Wollert.
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“This large seasonal wetland is dry throughout the warmer months of the year and has been
substantially degraded by stock grazing and weed invasion. It is likely that at some stage in the past,
minor earthworks have altered the hydrology of the wetland by lowering the outlet to Curly Sedge
Creek. If this is determined to be the case, then the potential for restoring the original hydrology of
the wetland should be investigated.”
While drainage works are not immediately obvious in current imagery, aerial imagery from May
2002 shows longitudinal lines toward Curly Sedge Creek that could be evidence of directional
ploughing or other works to help drain the swamp to the creek (Figure 21). Other shallow drains may
not be visible and would require higher resolution elevation data and/or a site visit.

Figure 20: Map including Curly Sedge Swamp (in
grey) from Bainbridge and North (1997).

Figure 21: Oblique view of Curly Sedge Swamp in May
2002, showing possible drainage lines to Curly Sedge
Creek.

5.3.2.2 Gas & Fuel Swamp, Wollert
Gas and Fuel Swamp is a swamp of at least 5 hectares at the headwaters of Curly Sedge Creek in
Wollert, south of Summerhill Rd (Figure 22). The land is privately owned by APA Group.

31

Figure 22: Gas and Fuel Swamp at Wollert, with mapped wetland boundary.

From aerial imagery, the swamp appears to have a network of shallow drains (Figure 23). Despite
this, it has been noted to carry several hundred waterbirds during wet winter-springs (MCMC 2009).
Beardsell (1997) also noted that the swamp and its surrounds contain significant stands of native
habitat. Threatened plants are potentially present, including Carex tasmanica (Curly Sedge), Cullen
tenax (Tough Scurf-pea) and Amphibromus pithogastrus (Plump Swamp Wallaby-grass). Currently,
there are no threatened species records for the swamp and its outlet to Curly Sedge Creek, and it
appears to be un-surveyed for flora.
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Figure 23: Enhanced aerial image of Gas and Fuel Swamp in May 2002, with internal
drains apparent in the west and in the south east to Curly Sedge Creek.

5.3.3 Seasonal wetlands east of Merri Creek and north of Donnybrook Rd
As mentioned in the
Western
Ring
Main
Technical report (GHD,
2021):
These natural wetland
bodies are mapped in the
Victorian
Wetlands
Inventory and there are a
number of these small
wetlands
scattered
across the land north of
Donnybrook Road and
east of Merri Creek. The
two mapped palustrine
wetlands
periodically
inundate when there is a
significant rainfall event. The larger wetland that is partially crossed by the Project flows through a
minor tributary into a secondary stream before discharging into the Merri Creek. From aerial
imagery, the wetlands appear to be mostly dry and ephemeral with no discernible vegetation. The
catchment area upstream of the crossing is roughly 0.62 km2 and is covered predominantly with
agricultural land.
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5.3.4 Hanna Swamp and Herne Swamp
Around 7km north of the electorate, Hanna Swamp and Herne Swamp lie near the top of the Merri
catchment and have previously been identified as high-priority restoration targets (Figure 24). These
wetlands have been already subject to more detailed investigations and are briefly included here as
examples of potential restoration projects, close to Calwell and lying in the Merri Creek catchment.

Figure 24: Pre-European estimate of Hanna Swamp and Herne Swamp extent (from Bachmann et al. 2020).

Hanna Swamp is a modified, approximately 60 hectare in-stream wetland on a tributary of the Merri
Creek (Strathaird / Taylors Creek), previously identified as a restoration opportunity in multiple plans
and discussion papers that have investigated modified wetlands for future restoration in the Wallan
area (e.g. Bachmann et al. 2020). This includes the report to the Victorian Planning Authority by WSP
(2020), where they write in their recommendations:
“Restoration of non-channelised hydrology of Hanna Swamp, protection of the swamp during
development of the PSP, and reinstatement of ecological values of Hanna Swamp should be
considered in consultation with Melbourne Water, relevant CMAs and community interest groups.”
It is suggested that drains be decommissioned and the former pathway of Strathaird Creek (which
has been diverted past the swamp) reinstated.
Herne Swamp is a large, modified wetland with a pre-European size of over 600 hectares. The
restoration concept is like the nearby Hanna Swamp, with decommissioning of drains and
reinstatement of the natural, meandering flows of Taylors Creek and Merri Creek through the
wetland. Restoration here is complex due to multiple competing land uses both currently in place
and proposed for the wetland footprint.
Restoration of either or both of these wetlands would have a number of highly significant benefits,
resulting in the regeneration of large areas of wetland habitat, support for a range of threatened
species, flood buffering on the Merri Creek, increased groundwater recharge, and the reinstatement
of cultural values for Traditional Owners.
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6. Summary and recommendations
Most of the Calwell electorate lies within Melbourne’s updated Urban Growth Boundary, and it is
subject to a rapid rate of urbanisation in its less-developed northern sections, facilitated by a
number of nearby Precinct Structure Plans. With development of large parts of the electorate
imminent, it is important to confirm the presence or absence of significant wetland features, so that
if they exist, discussion and planning can begin to lay the initial groundwork for managing their
biodiversity values within a more urbanised landscape.
The topography of Calwell is generally unfavourable for the development of natural wetlands, with
incised, steep sided waterways. In addition, most of the lower parts of Calwell are heavily urbanised,
with modified and constricted waterways that have little room to move or to reengage disconnected
parts of the floodplain.
While this study did not identify highly significant wetland restoration targets within the Calwell
electorate, there is value in confirming this absence before the rapid and ongoing urbanisation of
the area removes the opportunity to discuss retention and enhancement of wetlands in their largely
natural state.
The primary areas of wetland restoration potential highlighted by the study lie to the north, in
Kalkallo, and to the east, around Curly Sedge Creek and the Craigieburn Grasslands.
Riparian and wetland corridors are critical linkages for native flora and fauna in urbanised areas.
When choosing restoration actions in these contexts, they should take place where they can provide
the best biodiversity outcomes and be of a quality and complexity that will, in time, result in useable
habitat. Usually this means choosing restoration sites that can link between and enhance the quality
of existing habitat (Gibbons 2010). In depleted regions, these areas are often along or near
waterways whose vegetated corridors are more productive for native species and form linkages
between areas of native vegetation (Bennett et al. 2014).
Simple revegetation or wetland construction projects in cleared and isolated areas may have limited
biodiversity outcomes from the outset (Ryan 2000) and are less likely to generate biodiversity gains
than projects delivered in a context with greater landscape connectivity and where a natural
biodiversity regenerative response can be activated or harnessed.
Wetlands provide ideal opportunities to enhance and create habitat, as they create
disproportionately large biodiversity regenerative responses, and offer opportunities to both reinstate natural ecological processes, and to create habitat of sufficient quality to support target
threatened species - key parameters in restoration (Munro et al. 2007).
The following recommendations are made:
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Conduct detailed investigations into the wetland restoration opportunities identified by this
study, including a review of hydrological regimes, site modifications and land tenure and
planning (and therefore feasibility of restoration).
Working with waterway managers, continue to investigate creekline and wetland restoration
opportunities on private land along the major waterways. These opportunities will be
constrained in some cases by imminent urban development within the urban growth
boundary (e.g. in Precinct Structure Plans and a general reluctance from existing landholders
to perform restoration works that may affect future development of their land).
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Further opportunities for habitat restoration for threatened fauna exist in the rehabilitation
and extension of areas of terrestrial habitat surrounding waterways and wetlands. Reduction
of these areas – even open areas of exotic grass – can pose a significant risk to the long-term
viability of Growling Grass Frog populations, for example, which dependent on these areas
for dispersal, foraging and shelter/over-wintering (Heard and McCarthy 2012).
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Appendix 1: Wetland and riparian EVC descriptions
EVC #

EVC

Description

125

Plains
Grassy
Wetland

Usually treeless, but in some instances can include sparse River Red Gum or Swamp
Gum. A sparse shrub component may also be present. The characteristic Eucalyptus
ovata ground cover is dominated by grasses and small sedges and herbs. The
vegetation is typically species-rich on the outer verges but is usually species-poor in
the wetter central areas.

937

Swampy
Woodland

Typically dominated by Swamp Gum. Occurs on poorly drained, seasonally
waterlogged heavy soils. At least seasonally waterlogged vegetation of wet flats, not
subject to direct flooding from major streams, but receiving water through seepage or
surface run-off. In some instances Swampy Woodland can occur to the rear of current
levees on floodplains, receiving water via minor side streams rather than direct
flooding from the main watercourse. Occurs as an outer zone to some wetland
systems.

68

Creekline
Grassy
Woodland

Eucalypt-dominated woodland to 15 m tall with occasional scattered shrub layer over
a mostly grassy/sedgy to herbaceous ground-layer. Occurs on low-gradient ephemeral
to intermittent drainage lines, typically on fertile colluvial/alluvial soils, on a wide
range of suitably fertile geological substrates. These minor drainage lines can include
a range of graminoid and herbaceous species tolerant of waterlogged soils, and are
presumed to have sometimes resembled a linear wetland or system of
interconnected small ponds.

191

Riparian
Scrub

A dense shrubland to 6 m tall growing on waterlogged substrates often with a peaty
surface horizon. Emergent eucalypts may be occasionally present. The understorey
typically consists of sedges tolerant of seasonal waterlogging. Occurs along creeks and
minor stream tributaries of the lowland plains.

641

Riparian
Woodland

Occurs beside permanent streams, typically on narrow alluvial deposits. Woodland to
15 m tall generally dominated by Eucalyptus camaldulensis over a tussock grassdominated understorey. Tall shrubs may be present and amphibious herbs may occur
in occasional ponds and beside creeks. While flooding may be common, sites are
rarely inundated for lengthy periods.

851

Stream
Bank
Shrubland

Rivers and major streams where the watercourse consists of either rocky banks, a flat
rocky stream bed or broad gravel banks which are often dry but are also regularly
flooded by fast flowing waters. Annual rainfall is usually below 700 mm. There is a
sparse overstorey of trees to 20 m tall, a dominant tall shrub layer and a ground layer
of sedges and herbs.
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Appendix 2: Threatened flora records in the Calwell electorate
(VBA)
Wetland/aquatic species in blue
VIC

Common name

Acacia howittii

Sticky Wattle

r

2016

3

Alternanthera sp. 1 (Plains)

k

2012

1

2017

3

Amphibromus pithogastrus

Plains Joyweed
River Swamp Wallabygrass
Plump Swamp Wallabygrass

e

1992

7

Bolboschoenus fluviatilis

Tall Club-sedge

k

2018

2

Botrychium australe

Austral Moonwort

v

1983

1

Caesia parviflora var. vittata

Pale Grass-lily

k

1992

1

Caladenia orientalis

Eastern Spider-orchid

L

e

1770

1

Callitriche umbonata

Winged Water-starwort

X

r

2012

1

Cladium procerum
Convolvulus angustissimus ssp.
omnigracilis

Leafy Twig-sedge

r

2018

1

Slender Bindweed

k

2018

52

Coronidium gunnianum

Pale Swamp Everlasting

v

2018

84

Corymbia maculata

Spotted Gum

v

2018

14

Cullen tenax

Tough Scurf-pea

e

2017

5

Desmodium varians

Slender Tick-trefoil

k

2018

52

Dianella amoena

Matted Flax-lily

e

2018

95

Dianella longifolia var. grandis

Flax-lily

v

2018

12

Diuris punctata

Purple Diuris

v

1900

1

Eleocharis pallens

Pale Spike-sedge

k

2013

1

Eragrostis trachycarpa
Eucalyptus
globulus
globulus

Rough-grain Love-grass

r

1996

3

Southern Blue-gum

r

2018

1

Bog Gum

r

2017

1

Eucalyptus kitsoniana
Eucalyptus leucoxylon
connata
Eucalyptus leucoxylon
megalocarpa
Eucalyptus sideroxylon
sideroxylon
Geranium
solanderi
solanderi s.s.

VU

FFG

#
records

Scientific name

Amphibromus fluitans

EPBC

Last
record

X
L
L

EN

L
EN

L
L
D

ssp.

ssp.
Melbourne Yellow-gum

X

v

2014

2

Large-fruit Yellow-gum

L

e

2017

5

Mugga

r

2018

4

Austral Crane's-bill

v

2019

24

e

2019

66

r

2016

9

ssp.
ssp.
var.

Geranium sp. 1

Large-flower Crane's-bill

Geranium sp. 3

Pale-flower Crane's-bill

Goodia medicaginea

Western Golden-tip

r

2018

6

Grevillea rosmarinifolia
Lachnagrostis punicea
punicea

Rosemary Grevillea

P

2017

7

Purple Blown-grass

r

2016

10

40

L

ssp.

VIC

Last
record

#
records

Purple Blown-grass

r

2016

9

Leionema bilobum ssp. bilobum

Truncate Leionema

r

2006

1

Lepidium hyssopifolium s.s.

Basalt Peppercress

e

2017

3

Lepidium pseudohyssopifolium
Melaleuca
armillaris
ssp.
armillaris

Native Peppercress

k

1995

2

Giant Honey-myrtle

r

2020

21

Melaleuca halmaturorum

Salt Paperbark

v

2017

1

Microseris scapigera s.s.

Plains Yam-daisy

v

2015

144

Nicotiana suaveolens
Pauridia
vaginata
var.
brevistigmata
Poa labillardierei var. (Volcanic
Plains)

Austral Tobacco

r

2019

7

Yellow Star

k

1992

4

Basalt Tussock-grass

k

2018

24

Podolepis linearifolia
Pterostylis
cucullata
cucullata

Basalt Podolepis

e

2016

3

ssp.
e

1770

2

Rhagodia parabolica
Rytidosperma setaceum
brevisetum

Fragrant Saltbush

r

2018

21

var.
Short-bristle Wallaby-grass

r

1996

2

Tripogonella loliiformis

Rye Beetle-grass

r

2016

11

Xerochrysum palustre

Swamp Everlasting
Total

v

2005

1
731

Scientific name

Common name

Lachnagrostis semibarbata var.
semibarbata

41

EPBC

EN

FFG

L

L

Leafy Greenhood

L

VU

L

Appendix 3: Threatened fauna records within 3km of the Calwell
electorate (VBA)
Wetland/aquatic species in blue
Common name

Scientific name

Amethyst Hairstreak Butterfly
Australasian Bittern
Australasian Shoveler
Australian Bustard
Australian Grayling
Australian Pratincole
Azure Kingfisher
Baillon's Crake
Black Falcon
Black-eared Cuckoo
Blue-billed Duck
Brown Toadlet
Brown Treecreeper
Brush-tailed Phascogale
Bush Stone-curlew
Caspian Tern

Jalmenus icilius
Botaurus poiciloptilus
Spatula rhynchotis
Ardeotis australis
Prototroctes maraena
Stiltia isabella
Ceyx azureus
Porzana pusilla
Falco subniger
Chalcites osculans
Oxyura australis
Pseudophryne bibronii
Climacteris picumnus
Phascogale tapoatafa
Burhinus grallarius
Hydroprogne caspia
Miniopterus
schreibersii
oceanensis
Actitis hypoleucos
Stagonopleura guttata
Perameles gunnii
Ardea alba modesta
Chelodina longicollis
Dromaius novaehollandiae
Sminthopsis crassicaudata
Stictonetta naevosa
Synemon plana
Ardea alba
Accipiter novaehollandiae
Pomatostomus temporalis
Pteropus poliocephalus
Litoria raniformis
Aythya australis
Melanodryas cucullata
Gallinago hardwickii
Turnix velox
Egretta garzetta
Macquaria australasica
Anseranas semipalmata
Tringa stagnatilis

Common Bent-wing Bat (eastern ssp.)
Common Sandpiper
Diamond Firetail
Eastern Barred Bandicoot
Eastern Great Egret
Eastern Snake-necked Turtle
Emu
Fat-tailed Dunnart
Freckled Duck
Golden Sun Moth
Great Egret
Grey Goshawk
Grey-crowned Babbler
Grey-headed Flying-fox
Growling Grass Frog
Hardhead
Hooded Robin
Latham's Snipe
Little Button-quail
Little Egret
Macquarie Perch
Magpie Goose
Marsh Sandpiper
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Last
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L
L

vu
en
vu
cr
vu
nt
nt
vu
vu
nt
en
en
nt
vu
en
nt

2015
1950
2019
1846
2002
1982
2018
2006
1989
2000
2000
1994
1991
2017
1846
2007

1
3
3
1
2
1
3
2
4
2
1
35
7
1
1
3

vu
vu
nt
wx
vu
dd
nt
nt
en
cr
vu
vu
en
vu
en
vu
nt
nt
nt
en
en
nt
vu

2013
1980
1990
2003
2019
2015
2014
1990
2007
2017
2019
1846
1846
2019
2018
2019
1990
2006
1846
1986
1970
2016
2018

3
1
5
12
25
4
4
3
1
2641
3
1
1
4
135
69
2
7
1
4
2
1
1

L
L
L
L
L
L
L
L

VU

CR

VU
VU

L
L
L

L
L
L
L
L
L
L
L

EN

L
L
L

#
records

Common name

Scientific name

Murray River Turtle
Musk Duck
Nankeen Night Heron
Pied Cormorant
Plains-wanderer

Emydura macquarii
Biziura lobata
Nycticorax caledonicus
Phalacrocorax varius
Pedionomus torquatus
Ardea
intermedia
plumifera
Turnix pyrrhothorax
Calyptorhynchus banksii
graptogyne
Anthochaera phrygia
Platalea regia
Haematopus fuliginosus
Pseudophryne
semimarmorata
Chthonicola sagittatus
Circus assimilis
Cinclosoma punctatum
Delma impar
Polytelis swainsonii
Lathamus discolor
Pseudemoia pagenstecheri
Chlidonias hybrida
Haliaeetus leucogaster
Hirundapus caudacutus
Total

Plumed Egret
Red-chested Button-quail
Red-tailed Black-Cockatoo
eastern)
Regent Honeyeater
Royal Spoonbill
Sooty Oystercatcher
Southern Toadlet
Speckled Warbler
Spotted Harrier
Spotted Quail-thrush
Striped Legless Lizard
Superb Parrot
Swift Parrot
Tussock Skink
Whiskered Tern
White-bellied Sea-Eagle
White-throated Needletail
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2
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9
6

L
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1846
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1
1
9
2

vu
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2018
2019
1846
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1846
2000
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3
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7
1
2
1
7
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4
2
11
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Appendix 4: Melbourne’s urban growth history

Figure 25: Melbourne's urban growth (from Plan Melbourne 2017-2050: Metropolitan planning strategy)
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